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ABSTRACT

2-(2-Methoxyphenoxy)pyrimidine (37), 2-(4-methoxyphenoxy)pyrimidine (39),
2-phenoxypyrimidine (41), 2-(3-methoxyphenoxy)pyrimidine (43), 2-(o-
tolyloxy)pyrimidine 45), 2-(pyrimidin-2-yloxy)phenol 47), 2-(3-
nitrophenoxy)pyrimidine (49) and 2-(p-tolyloxy)pyrimidine (51) were prepared by
reacting 2-chloropyrimidine (35) with o-methoxyphenol, p-methoxyphenol, phenol, m-
methoxyphenol, o-cresol, 1,2-dihydroxybenzene, m-nitrophenol and p-cresol
respectively. Reactions of 2-chloropyrimidin-4-amine (52) with phenol produced 2-
phenoxypyrimidin-4-amine (53), while reactions of 2-chloropyrazine (54) with o-
methoxyphenol and p-methoxyphenol yielded 2-(2-methoxyphenoxy)pyrazine (55) and
2-(4-methoxyphenoxy)pyrazine (56) respectively. The structures of these compounds
were confirmed using 'H NMR, *C NMR, IR and GC-MS spectra. The fluorescence
properties were recorded using Luminescence  Spectrophotometer.  All
phenoxypyrimidines and phenoxypyrazines showed fluorescence properties in various
solvents.  Phenoxypyrimidines showed higher fluorescence intensity than

phenoxypyrazines.
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ABSTRAK

2-(2-Metoksifenoksi)pirimidina (37), 2-(4-metoksifenoksi)pirimidina (39), 2-
fenoksipirimidina 41), 2-(3-metoksifenoksi)pirimidina (43), 2-(o-
metilfenoksi)pirimidina 45), 2-(2-hidroksifenoksi)pirimidina 47), 2-(3-
nitrofenoksi)pirimidina (49) dan 2-(p-metilfenoksi)pirimidina (51) disediakan melalui
tindak balas 2-kloropirimidina (35) masing-masing dengan o-metoksifenol, p-
metoksifenol, fenol, m-metoksifenol, o-kresol, 1,2-dihidroksibenzena, m-nitrofenol dan
p-kresol. Tindak balas 2-kloropirimidin-4-amina (52) dengan fenol menghasilkan 2-
fenoksipirimidin-4-amina (53), manakala tindak balas 2-kloropirazina (54) dengan o-
metoksifenol dan  p-metoksifenol masing-masing  menghasilkan ~ 2-(2-
metoksifenol)pirazina (55) dan 2-(4-metoksifenoksi)pirazina (56). Struktur semua
sebatian ditentukan dengan menggunakan spektroskopi RMN 'H dan "°C, IM dan KG-
SJ. Ciri pendafluoran telah direkodkan menggunakan Spektrofotometer Pendaran.
Semua terbitan-terbitan fenoksipirimidina dan fenoksipirazina menunjukkan sifat-sifat
pendafluoran di dalam pelbagai jenis pelarut organik. Terbitan fenoksipirimidina
menunjukkan keamatan pendafluoran yang lebih tinggi daripada terbitan

fenoksipirazina.
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CHAPTER 1: INTRODUCTION

1.1 Diazines

Heterocyclic compounds are organic compounds containing at least one atom of
carbon and at least one element other than carbon such as sulphur, oxygen or nitrogen

3

within a ring structure. The stem ‘-cyclic’ implies a ring structure, whereas ‘hetero’
refers to an atom other than carbon. Many heterocyclic compounds are carcinogenic.

Among the heterocyclic compounds, there are aromatic (e.g. pyridine) and nonaromatic

(e.g. tetrahydrofuran).'

Heterocyclic compounds can be divided into heteroaromatic and heteroalicyclic
types. The chemistry of the heteroalicyclic compounds in general is similar to that of
their aliphatic analogous, but that heteroaromatic compounds involve additional
principles. Aromatic compounds possess rings in which each of the rings atoms is in the

same plane and a p-orbital perpendicular to the ring plane.’

This research was focused on six-membered ring compounds with two
heteroatoms, i.e pyrimidine and pyrazine or also known as diazine. Pyrimidines and
pyrazines are stable, colourless compound which are soluble in water. The two parent
heterocycles, unlike pyridine are expensive and not readily available and so are seldom

used as starting materials for the synthesis of their derivatives.’

In diazines, the heteroatoms withdraw electron density from the ring carbons
even more than in pyridine, so the unsubsituted diazines are even more resistant to
electrophilic substitution than pyridine. This increased electron deficiency at carbon
atom makes the diazines more easily attacked by nucleophiles than pyridines. The

availability of nitrogen lone pair is also reduced: each of the diazines is appreciably less

1



basic than pyridine, reflecting the destabilizing influence of the second nitrogen on the

N-protocation.

Nevertheless, diazines form salts and react with alkyl halides and with peracids
to give N-alkyl quaternary salts and N-oxides, respectively. In general, electrophilic
additions take place at one nitrogen only, because the presence of the positive charge
renders the second nitrogen extremely unreactive towards a second electrophilic
addition. A very characteristic feature of diazine chemistry is associated with their
strongly electron-poor nature, therefore they add nucleophilic reagents easily. Without
halide to be displaced, such adducts require an oxidation to complete an overall
substituton. However, halo-diazines where the halide is o or y to a nitrogen, undergo
very easy nucleophilic displacements, the intermediates being particularly well

stabilized.” Figure 1.1 shows the typical reactions of diazine illustrated with pyrimidine.

easy electrophilic addition at
nitrogen produces pyrimidinium salts

SN XN
Me

H

H
nucleophilic R A S
substitution NH | N
of hydrogen N fH ﬁ/) o .
alpha to Mel I _  pyrimidine N-oxide
nitrogen requires © 0
of dihydro-adduct R 2O
3
XN electrophilic substitutions
E\) —A—; do not occur (unless

activating amino or oxygen
substituents are
present)

Figure 1.1:  Typical reactions of diazine illustrated by pyrimidine



The nucleophilic displacement of halogen and other leaving group by ‘soft’
nucleophiles i.e amines, thiols, alkoxides and enolates is a very important method for
manipulation of diazines. Only 5-halopyrimidines, in analogy to 3-halopyridines, are
relatively resistant. Figure 1.2 shows the order of reactivity in nucleophilic

displacements of leaving groups’.

A X A
A N
Xp N X X AN X X
@@mﬂ[l@ 4d®
N N~ X N N” [ O M

N~ X
Figure 1.2:  The order of reactivity in nucleophilic displacements of leaving

groups

Chlorine is the most common leaving group but sulfonates are also useful and
even methoxy can be displaced in these highly reactive systems as shown in Scheme 1.1
and Scheme 1.2.

CN

(\(‘3‘ PRCH,CN, NaNHy - ™S
- > -
N o

Cl OMe
ﬁ N NaOMe - f% i
M/)\m I"'I/ Cl

Scheme 1.1: Typical nucleophilic displacement of chlorine

f)hl\ NaN;, heat f ]
>
- N//k N,

N~ >S0,Me

CH,(CN),, NaH N

N ’ N
_ — CN
N OMe N

Scheme 1.2: Sulfone and methoxy act as good leaving groups

CHN



An important point to remember is that the presence on the ring of an electron-
donating group, particularly an amino group, will greatly increase or decrease the
reactivity of a halide. Although this means that clean mono-substitution in dihalo
compounds is easy, special methods may be necessary to achieve displacement of the
second halide, such as the use of ‘supernucleophiles’. Hydroxylamines are very reactive
nucleophiles and, since the N-O bond in the products can be hydrogenolysed,
nucleophilic substitution with a hydroxylamine provides a means for the introduction of
a second amine. Scheme 1.3 shows the use of a hydroxylamine as a ‘supernucleophile’

to displace a relatively unreactive chlorine.’

L PhiCH-NH § IMaNHOMe ME\N/IDME hHMe
N 1CH-MNH- XM ol
| /) — » f\/) | A 7. A0, }¢DI1| N
o N BnHN" N _ |
BrnHN™ "N (Ac)N; M

Scheme 1.3: The use of a hydroxylamine as a ‘supernucleophile’ to displace a
relatively unreactive chlorine

The oxydiazine can also undergo nucleophilic addition or displacement of

halide. Uracil® and its riboside (uridine)’ are particularly prone to Michael-type addition

to the double bond leading to cine-substitution rather than the usual ipso-substitution,

for example from 5-bromouridine to the 6-cyanouridine shown in Scheme 1.4.

O 0 o
AcO LN, Nacn /T HEr | NH
N~ =0
o | Ao NG H)N 0| 5 AcO NG N/&D
o_ 0
< o0
Me Me MF.‘XMF.‘ MF.‘XMF.‘

Scheme 1.4: Cine-substitution of a 5-bromouridine derivative



1.2. Pyrimidine

(0]

Pyrimidine is the most important member of all diazines as this ring system
occurs widely in living organisms. Pyrimidine (1), also known as m-diazine. Purines,
uric acid and barbituric acid also contain pyrimidine ring. The chemistry has been
widely studied. s11 Pyrimidine was first isolated by Gabriel and Colman in 1899. Since
pyrimidine is symmetrical about the line passing C-2 and C-5, the position C-4 and C-6

are equivalent and so are N-1 and N-3."

In early history of organic chemistry, compounds belonging to this group were
known as breakdown products of uric acid, but the systematic study of the ring system
really began with the work of Pinner", who first applied the name pyrimidine to the

unsubstituted parent body.

Pyrimidine is a colorless compound, melts at 22.5°C and boils at 124°C. It is
weakly basic (pKa 1.3) as compared to pyridine (pKa 5.2) or imidazole (pKa 7.2). The
decrease in its basicity is due to the electron-withdrawing effect of the second nitrogen
atom present in the ring. Moreover, the addition of the proton does not increase the
probability for mesomerism and hence the resonance energy. The presence of alkyl
groups, however, enhances the basicity, thus 4-methylpyrimidine has pKa 2.0 while 4,
6-dimethylpyrimidine has a value of 2.8. The 2- and 4-aminopyrimidines are more basic
with pKa 3.54 and 5.71 repectively. In these two compounds, more resonance structure

are possible in the cation than in the neutral molecule. The close relationship of



pyrimidine with benzene suggests the former is also highly aromatic and the ring is

virtually planar.

Pyrimidine-containing molecules are paramount importance in nucleic acid
chemistry. Their derivatives including uracil, thymine, cytosine, adenine and guanine
are fundamental building blocks for deoxyribonucleic acid (DNA) and ribonucleic acid
(RNA). Vitamin B1 (thiamine) (2) is another well-known example of naturally occuring
pyrimidines encountered in our daily lives. Synthetic pyrimidine-containing compounds
occupy a prominent place in the pharmaceutical arena. Pyrimethamine (3) and
Trimethoprim (4) are two representative pyrimidine-containing chemotherapeutics.
Compound (3) is a dihydrofolate reductase inhibitor which is effective for
toxoplasmosis in combination with a sulphonamide whereas compound (4) is an anti-
malarial drug, widely used as a general systemic anti-bacterial agent in combination

with sulfamethoxazole.'*°

NHz ® on Cl NHE NHE
r.f X pr N\ | SN H;CO | SN
O
g
N N/)\NHE HyCO N/)\NHE
OCH
(2) (3) (4)

Due to the electronegativity of the two nitrogen atoms, pyrimidine is a
deactivated, m-electron-deficient heterocycle. Its chemical behaviour is comparable to
that of 1,3-dinitrobenzene or 3-nitropyridine. One or more electron-donating
substituents on the pyrimidine ring are required for electrophilic substitution to occur. In
contrast, nucleophilic displacement takes place on pyrimidine more readily than

pyridine. The trend also translates to palladium chemistry; whereby 4-chloropyrimidine
6



oxidatively adds to Pd (0) more readily than does 2-chloropyridine. Remarkable
differences in reactivity for each position on pyrimidinyl halides and triflates have been
observed. The C-4 and C-6 positions of a halopyrimidine are more prone to SyAr
process than the C-2 position. The order of SyAr displacement for halopyrimidines is as

shown is Figure 1.3."

X

*
SIS SN o}
| P _
kM/ x)\m Km
C) C@2) C(S)

Figure 1.3:  The order of SxAr displacement for halopyrimidines

This trend is also observed in palladium chemistry where the general order for
oxidative addition often correlates with that of nucleophilic substitution. Not only are 2-
, 4- and 6- chloropyrimidines viable substrates for Pd-catalyzed reactions, but 4- and 6-

chloropyrimidines react more readily than 2-chloropyrimidines.'*

Undheim and Benneche reviewed the Pd-catalyzed reactions of pyrimidines,
among other n-deficient azaheterocycles including pyridines, quinolines and pyrazines.
A review by Kalinin also contains some early examples in which C-C formation on the

pyrimidine ring is accomplished using Pd-catalyzed reaction.'



1.2.1 Ring synthesis of pyrimidines

1.2.1.1 Pinner Pyrimidine Synthesis

The condensation of 1,3-dicarbonyl compounds (6) with amidines (7) catalyzed
by acids or bases to give pyrimidine derivatives (8) is generated as the Pinner'

pyrimidines synthesis as shown in Scheme 1.5

o O . NH g "'ll N
H1)J\HJ\ H3 R)J\ NHE R_I/K‘/k R:}
R R,
(6) (7) (8)

Scheme 1.5: Pinner pyrimidine synthesis

In the 1880’s, Pinner found that the amidine derivatives (7) reacted with
acetoacetic ester (9) to furnish 2-substituted-6-hydroxy-4-methylpyrimidine (10)'®. The
condensation of amidine derivative (7) with other B-keto ester, malonic ester, and -
diketones proceed similarly. Scheme 1.6 shows the synthesis of 2-substituted-6-
hydroxy-4-methylpyrimidine.

R
NS

o o NH

+ > N
MUME R)J\NHE. DHJ\/K
9 (7 (10)

Scheme 1.6: Synthesis of 2-substituted-6-hydroxy-4-methylpyrimidine

Although the Pinner pyrimidine synthesis was disovered a century ago, a few

reports on the reaction mechanism have appeared. The condensation of acetylacetone,
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methyl acetoacetate, or dimethyl malonate with acetamide (11) has been studied by
Kartrizky et-al. The reaction mechanism for these processes has been proposed by
these authors. Scheme 1.7 shows the proposed mechanism of the condensation of
methyl acetate (9) with acetamide (11'9).

slow OH

o 0O >
-+ >
MDME HN)\NHE m

H.N-<X
HCI 2 /<
k] (11)

OH
fast WD slow % O X OH
MeOH Hhrj/ NH -H,0* m \N(f\ﬂ(

Scheme 1.7: Proposed mechanism of the condensation of methyl acetate (9) with
acetamide (11).

Other than that, a compound that includes an aminopyrimidine ring as well as
the quaternary salt present in thiamine shows preferential inhibition of absorption of
that co-factor by coccidia parasites over uptake by vertebrates. The compound is thus
used in poultry where coccidiosis is an economically important disease. Condensation
of ehtoxymethylenemalonitrile (12) with the amidine (13) aminopyrimidine (14). The
reaction was probably occurred via addition-elimination intermediate (15). The nitrile
group is then reduced to the methylamino derivative (16) by means of lithium
aluminium hydride. Exhaustive methylation, for example by reaction with
formaldehyde and formic acid, followed by methyl iodide leads to the quaternary
methiodide (17). The quaternary salt is then displaced by bromine to form benzylic-like
cyclic halide, (18) which was then displaced by 2-picoline (19). Finally, amprolium

(20)"" was obtained. Scheme 1.8 shows the mechanism of formation of (20).
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Scheme 1.8: Formation of amprolium (20)

1.2.1.2 Antiviral pyrimidines

Viruses differ from bacteria and fungi in most fundamental way in that they are
not able to reproduce independently. A virion in essence consists of a chain of DNA or
RNA in the case of a retrovirus, packaged with a small group of specialized proteins.
The virus actually replicates by taking over the infected cells’ reproductive apparatus, in
effect causing the cell to synthesize new virions. Chemotherapy of viral disease must
thus rely on very subtle biochemical differences between normal and infected cells
instead of the large divergences in biochemistry between microbial and host cells that
provide the basis of antibiotics. The somewhat lesser discriminatory power of the
enzymes in viral cells for the nucleotides involved in replication has made it possible to

identify a number of closely related false substrates.

The nucleotide, uridine (21) provides the starting material for one of these

agents. Treatment of (21) with mercuric chloride leads to the mercuration of the
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pyrimidine ring to afford (22). Reaction of this organometallic derivative wih ethylene
in the presence of a platinum salt leads to the formation alkylated product (23).
Catalytic hydrogenation of the double bond then affords the antiviral compound

edoxudine (24)"". Scheme 1.9 shows the mechanism of formation of edoxudine (24)

O 0 0 0
HNJE HNJTHM HN)j/\ " )jA
07 N~ HgCl G)\N H,C=CH, G)\N H, G)\N
0 0 LizPtCl, 0 0
2
OH H OH ;
(21} (22) (23) (24)

Scheme 1.9: Formation of edoxudine (24)

Similar chemistry is used to prepare the antiviral agent sorivudine (29); this
compound is also endowed with an unnatural sugar in the arabinose configuration. The
side chain is attached as above by chloromercuration of uracyl arabinoside (25).
Reaction of the organometallic (26) with ethyl acrylate leads to the coupling product
(27). The ester group is then saponified to the corresponding acid (28). Treating the acid
with N-bromosuccinimide leads to a Borodin-like replacement of the carboxyl group by
bromine. The resulting reactive allylic halogen in the product, sorivudine (29)'%, may
play a role in the compound’s activity against herpes virus. Scheme 1.10 shows the

formation of soruvidine (29).
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Scheme 1.10: Formation of soruvidine (29)

1.3 Pyrazine
N
G
N N
(30) (&2))

The pyrazines (30) are aromatic compounds as well as tertiary amines, and their
properties are closely resemble to those of pyridines. The pyrazines nucleus may be
considered as a resonance hybrid of which two of the contributing forms are analogous
to those of benzene. The C-N bond distances in pyridine and pyrazine, however, are

slightly greater because of the high electronegativity of the nitrogen atom which

probably leads to significant additional contributions to the resonance by structure (31).
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The electronegativity of the two nitrogen atoms would be expected to have a definite

influence on both the basic and the aromatic properties of pyrazines.

Pyrazine is a low-melting solid and most of the lower homologs are liquids at
room temperature. The pyrazines in general possess a narcotic odor, sublime readily and
may be distilled with steam. Like many other amines, the pyrazines from hydrates and
on removal of the water of often results. The lower members of the series are very

soluble in water, and several are miscible in all proportions.

The preparation of ‘amarone’ in 1844 by Laurrent is the first recorded synthesis
of a pyrazine. Laurent’s method was obscure, however, and it was more than fifty years
later that “amarone” was identified as tetraphenylpyrazine.'® Meanwhile the systematic
study of this series of compounds was initiated by Victor Meyer’s students, Gutknecht
and Treadwell, who found that the reduction of nitrosated ketones resulted in the
formation of oxygen-free bases instead of the expected a-amino ketones as shown in

Scheme 1.11.%

O NOH Hy o _ MO RN H I
—»
2 R R R NHz I I

RI

Scheme 1.11: Reduction of nitrosated ketones

The correct structure for the ring system of the product was first advanced by
Wileugel?', and the synthesis of pyrazine derivative by another method appeared to
confirm this structure and established the correct positions of the substituents. Finally,

in 1893 Wolff’s conversion of tetramethylpyrazine to piperazine by the series of
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reactions indicated in Scheme 1.12 provided unequivocal proof of the structure of

22
pyrazines.

HsC N cH3

)0 Sl

HiC~ “N” “CH,
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T X () )
HooC™ “N° “COOH N N

Scheme 1.12: Wolff’s conversion of tetramethylpyrazine to piperazine
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CHAPTER 2: FLUORESCENCE SPECTROSCOPY

2.1 I ntroduction

Fluorescence spectroscopy is a spectroscopic tpohinivhereby fluorescent
substances are being examined. Fluorescence dpdataaare generally presented as
emission spectra. A fluorescence emission spectgira plot of the fluorescence
intensity versus wavelength (nanometers) or wavdreusn(crit). There are two types
of fluorescence sampling measurement which arelid sr solution® In this study all
samples were measured in solution. In solutiomaaitnal temperatures, fluorescence
occurs at a longer wavelength. It has a numbeadviantages over other forms of
microscopy that offer high sensitivity and spedificBecause fluorescence is observed
as luminosity on a dark background, particular titwents of the specimen can be seen

even in extremely small amourifs.

The first observation of fluorescence is from aniue solution in sunlight was
reported by Sir John Frederick William Herschel 845 He recognized the presence
of an unusual phenomenon that could not be exmldnyethe scientific knowledge of
the time. The first known fluorophore, quinine wasponsible for stimulating the
development of the first spectrophotometers thaeaped in 1950s. Nowadays quinine

sulphatg33) and fluoresceiri34) are widely used as references for the fluorescence
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The research was then reinvestigated by Stokes,puhlished a famous paper
entitled ‘On the Refrangibility of Light' in 185%. The fluorescence normally observed
in solution is called Stokes fluorescence. If thalrnenergy is added to an excited state
or a compound has many highly populated vibratiema&rgy levels, emission at shorter

wavelengths than those of absorption can occurs.

2.2 I nteraction of light with a molecule

When a molecule is placed in an oscillating elentagnetic field (light is shone
on the molecule), the oscillating fields can pustd goull the molecule around. In
particular, charged parts of the molecule are tdfibby the oscillating electric field of
light; the effect of the oscillating field is mueteaker. If the charges on the molecule
can oscillate in synchrony with the oscillatingldigthis is called resonance), the

molecule can absorb energy from the field.

Molecules have specific resonance frequenciesekample, a typical C-H bond
in a molecule vibrates about'f@imes per second (¥bHz), while a C-C bond vibrates
at about 3 x 18 Hz. Electrons are over 1000 times lighter thanlgitand oscillate at
even higher frequencies. A typical frequency ohtigbsorbed by valence electrons is
10" Hz, which is 30 times faster than the C-C bondatibn. Light with this frequency
corresponds to the near-UV region of the spectritare generally, the range of
wavelengths absorbed by valence electrons varas fibout 1000 nm i.e near IR

through the visible and UV down to about 100 nnfareUV.

Absorption of electromagnetic radiation and exmtaof electrons take more or

less instantaneously (~1®s) relative to nuclear motion (~10s), according to the
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Franck-Condon Principle. Despite this difference in times scales, exatatf electrons

in a molecule can also cause a change in molestilasture. The absorbed energy leads
to a redistribution of the electron cloud of thelernle, resulting in altered vibrational
levels, an altered dipole moment and a change enstiape of the molecule. Quite
simply, the bonds are not the same after an elet¢tas been removed and more into a
different orbital. Consequently, the electronic apsion is often accompanied by

vibrational motion as the atoms move to their nesitong®2>

Excited states of molecules are unstable. Thegxrdbse their energy) by a
number of mechanisms including collisions with otimeolecules, for example, the
solvent, or react with other species for exampdsalved oxygen. The excited molecule
may also relax by emitting a photon of light touretto a lower state, though not always
the same lower state from which it came. The endhighoton was an energy
corresponding to the difference in energy betwdeninitial and final states of the
molecule. This emission of a photon is known asorBgcence or some cases

phosphorescent&®®

2.3 Jablonski diagram

Jablonski diagram is originally showing that th@oflescent state of a molecular
entity is the lowest excited state from which tremsition to the ground state is allowed,
whereas the phosphorescent state is a metastatdéstow the fluorescent state, which
is reached by a radiationless transition. In thetntypical cases the fluorescent state is
the lowest singlet excited state and the phospbentstate the lowest triplet state, the
ground state being a singlet. Presently, modifedalahski diagrams are frequently used

and are actually state diagrams in which molecalactronic states, represented by
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horizontial lines displaced vertically to indicatdative energies, are grouped according
to multiplicity into horizontially displaced columsnExcitation and relaxation processes
that interconvert states are indicated in the diagr by arrows. Radiative transition are

generally indicated with wavy arrows.

Therefore, on the Perrin-Jablonski diagram, th@mdi®n transition is shown as
starting in the ground state. There is no suclricisin on the excited state; therefore
absorption may occur to a variety of vibrationatss in the excited electronic states.
The typical amount of vibrational excitation, asalissed above, depends on the change
in the geometry of the molecule between the twderbht electronic states. Small
changes in geometry are accompanied by small \dlitexcitation (arrow 1) whereas
large changes in geometry are accompanied by ilabgational excitation (arrow 2) as

show in Figure 2.1.

Essentially, to be absorbed, the energy of thedemti radiation must exactly
match one of the available energy-level transitio@ven the many possible
combinations of electronic and vibrational energyels for a polyatomic molecule, a
range of light energies may be absorbed. The engfrdiye light is proportional to its
frequency (thus inversely related to its wavelephgtb a given molecule will absorb a

specific set of wavelengths of light, giving rigeitis absorption spectrum.
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Figure 2.1: Simple Perrin-Jablonski diagram showing three electronic states,
several vibrational states, absorption and emission of fluorescence or
phosphor escence

The Perrin-Jablonski diagram in Figure 2.1 showsogition to botts, andTs.

In reality, the transition frong to T; is weaker tharg to S;. Absorption into triplets

states, as shown in the Figure 2.1 is thereforetipedly unimportant in most cases and

is only observed in specialized situations in spscopy. The population of triplet
states is one of the main mechanisms for photobiegclt is simple and fortuitous, but

triplets are not populated to any great extent bgogotion of light by molecules

commonly used in fluorescence spectroscopy andostopy.

Emission of light is shown on a Perrin-Jablonskigdam as an arrow from the
excited state back to the ground state. Emissiahdbes not change electron spin, just
like absorption, is much preferred over emissionvhich the electron spin is flipped.
This spin-conserving emission is called fluoreseer@ince the process is favourable, it
happens readily and quickly, as a result the exaectronic states survive for only a

very short period of time, typically a few nanosed® before emitting. Emission
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between triplet and singlet states is called phosggtence. This emission is weak and
therefore involves a slow process. As the resudt tiolecule remains excited much
longer, typically milliseconds to seconds. The psxis slow compared to molecular
events. It give rise to an unusual chemistry indkeited state leading to the reduction

in fluorescence efficiency, photobleaching and pfitecesses.

2.4 | nstrumentation

A schematic representation of a fluorimeter is smow Figure 2.2. The light
source produces light photons over a broad engrggtum, typically ranging from 220
to 900 nm. Photons impinge on the excitation mormolator, which selectively
transmits light passes through adjustable slits ¢batrol magnitude and resolution by
further limiting the range of transmitted light. &Hiltered light passes through the
sample cell causing fluorescent emission by flubovps within the sample. Emitted
light enters the emission monochromator, which asiponed at 90° angle from the
excitation light path to eliminate background sigaad minimize noise due to stray
light. Again, emitted light is transmitted in a maw range centered about the specified
emission wavelength and exits through adjustablis, sifinally entering the
photomultiplier tube (PMT). The signal is amplifiexhd creates a voltage that is
proportional to the measured emitted intensity. sain the counting process arises
primarily in the PMT. Therefore, the spectral resion and the signal-to-noise ratio is
directly related to the selected slit widths. Sitlhe source intensity may vary over
time, most research-grade fluorimeters are equippddan additional ‘reference PMT’
which measures a fraction of the source output pefbre it enters the excitation

monochromator, and used to ratio the signal froenstample PMT.
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Not all fluorimeters are configured as describedvab Some instruments
employ sets of fixed band pass filters rather thamable monochromators. Each filter
can transmit only a select range of wavelengthstslame usually limited to 5 to 8 filter
and are therefore less flexible. Fiber optics e amployed for “surface readers”, to
transmit light from the excitation monochromatoos the sample surface and then
transport emitted light to the emission monochrarsatThis setup has the advantage of
speed, but has the signal to noise ratio is inectadue to the inline geometry, and

smaller path length which increase the probabdftguenching.

: Excitation _—
Light source —>
monochromator S
a
m
p
|
e
Emission
hotomultiplier
p P <€ monochromator

l

Fluorescent
signal

Figure2.2:  Schematic representation of a fluorescence spectrophotometer.

Fluorescent methods have two significant advantagesr absorption
spectroscopy. First, two wavelengths are useduworifinetry, but only one in absorption
spectroscopy. Emitted light from each fluorescadiccan be easily separated because

each color has a unique and narrow excitation spethis selectivity can be further
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enhanced by narrowing the slit width of the emissmonochromator so that only
emitted light within a narrow spectral range is swead. Multiple fluorescent colours
within a single sample can be quantified by seqakmteasurement of emitted intensity
using a set of excitation and emission wavelengtinspspecific for each color. The
second advantage is that fluorescent methods hgveater range of linearity. Because
of these differences, the sensitivity of fluoreszeis approximately 1,000 times greater

than absorption spectrophotometric methdds.

2.4.1 Perkin Elmer LS-50B

In this study all fluorescence data were measuriia avPerkin Elmer LS-50B
Luminescence Spectrometer. To obtain accurate daia, necessary to understand
several key aspects of fluorescence spectrophotpraetl how these pertain to the use

of the LS-50B spectrometer.

All fluorescence instruments contain three basamnelnts: a source of light, a
sample holder, and a detector. To be of analytitiity, a system must be equipped
with adjustable monochromators that can accuraselgct excitation and emission
wavelengths. It is also essential to monitor andemb any fluctuations in the source
intensity. The Perkin Elmer LS-50B Luminescence cBpeneter measure the
fluorescence intensity of samples in either a cmatus scan over a range of wavelength
or at select excitation and emission wavelengtrsp&ections 2.4.1.1 to 2.4.1.6 explain

the fluorescence instrument basic elements.
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24.1.1 Preparation of sample

Before any analytical experiment is carried oug tompounds must be pure.
Since fluorescence technique is a very sensitislenigue, it is extremely susceptible to
interference by contamination of trace level ofamg chemicals. Thus, the solvents

used are at highest level of purity and commerciatiitained.

2412 The Xenon source

In this study the source that has been employadoigised Xenon flash lamp. It
produces a high output using a low voltage, 9.9syvag¢sulting in longer lamp life with
minimal ozone and heat production. Equally impdstahe pulsed source reduces
potential photobleaching of the pyrimidines andaaymes sample, during analysis, by
several orders of magnitude over continuous souiXeson flash lamp produces a 10
usec pulse of radiation in 16 msec. In fluorescemme, the photomultiplier tube
detector is gated for an 80 msec period in synchation with the lifetime of the lamp

pulse.

24.1.3 Photomultiplier tube

A photomultiplier dark current is acquired priorttee onset of each lamp pulse
and is substracted from pulse for correction oftptutoe dark current. The instrument
measures and corrects every flash of the lampmpoove sensitivity at low levels of

fluorescenc®, making it possible to measure samples at rooht.lig
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2414 Deter mining fluor escenceratios

The intensity of emitted light depends on a numbérfactors, including
intensity of incident exciting light i.e the morewerful the exciting light, the stronger
the emitted fluorescence intensity. All light scesccurrently used in the fluorescence
instrumentation normally lack of stability over tpperiods. This causes the output of a
xenon lamp to fluctuate at a function of time, irhigh affects the measured
fluorescence intensity of a given sample with #ifleo conditions being equal. In order
to perform accurate quantitative analyses, thesetuhtions must be monitored and
corrected to the measured fluorescence intensitg. 0S-50B can automatically make
this correction by determining the ratio of reahd lamp intensity over sample
intensity. The lamp intensity is then monitored tommously with a beam splitter to

divert a portion of the exciting light to a refecenphotomultiplier tube.

24.15 Signals processing

When operated in wavelength programming mode,tbEument automatically
sets the excitation and emission wavelength foh esmample and dwell time for the
specified integration time. The instrument thenrages the appropriate number of lamp
pulse cycles for the specified integration timenger integration time reduces the
signal-to-noise ratio for the sample fluorescemterisity. When calculating the optimal
sample integration, there are 60 lamp pulses peraswl the noise in a sample
measurement is reduced by the square-root of thébeuof lamp pulse used. Due to
this, relationship between noise reduction and eguismber, there is a point of
diminishing return for long integration times. Antegration time exceeding 2 sec is

only necessary when small fluorescence intensatieeing measured.
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2416 St setting

An important feature of the LS-50B is the availdabibf continuous variable slit
adjustment with 0.1 nm increments on both the akom and emission
monochrometers. The flexibility allows the userfine—tune’ the instrument for both
selectivity and sensitivity in dye discriminationdameasurement. The slits can best be
described as volume controls for the fluorescemtensity. For optimal instrumental
performance, the excitation slit width automatigabntrols the sample photomultiplier
tube voltage. This provides an optimum signal-tes@aatio as a function of sample

intensity.

In general, a wider slit setting causes highesridscence signal measurements.
However, because of the fluorescence ratio systed in the LS-50B, widening of the
excitation slit width will not increase the repatt@uorescent signal ratio, but will

increase sample fluorescence signal, resulting img@roved signal-to-noise ratio.

25 Environmental effects

251 Solvent polarity

Emission from fluorophores generally occurs at ieivgths that are longer than
those at which absorption occurs. This loss of gnés due to a variety of dynamic
processes that occur following the light absorptibime fluorophore is typically excited
to the first singlet states() usually to an excited vibrational level with#. The excess
vibrational energy is rapidly lost to the solvelitthe fluorophore is excited to the
second singlet stat&S), it rapidly decays to th&, state in 137 sec due to internal

conversion. Solvent effects shift the emissiorotedr energy due to the stabilization of
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the excited state by the polar solvent moleculggpicilly, the fluorophore has a larger
dipole moment in the excited state than in the gdostate. Following the excitation the
solvent dipoles can re-orient or relax around wHmbhers the energy of the excited
state. As the solvent polarity is increased, tlfifece becomes larger, resulting in the
emission at lower energies or longer wavelengthgeheral, only fluorophores that are
themselves polar display a large sensitivity tovanl polarity. Nonpolar molecules,

such as unsubstituted aromatic hydrocarbons aré tegs sensitive to solvent polarity.

Fluorescence lifetime (1-10 nsec) is usually miaciger than the time required
for solvent relaxation. For fluid solvents at rot@mperature, solvent relaxation occurs
in 10-100 psec. For this reason, the emission spettfluorophores are representative
of the solvent relaxed state. Absorption of ligisturs in about 1€ sec, a time too
short of motion for fluorophore or solvent. Absaopt spectra are less sensitive to
solvent polarity because the molecule is exposethéorelaxed environment, which
contain solvent molecules oriented around the dipodment of the excited state.

The theory for solvent effect is often inadequébe explain the detailed
behaviour of fluorophores in a variety of enviromnéerhis is because fluoropores often
display multiple interactions with their local ersment, which can shift the spectra by

certain wavelength comparable to general solvdates.

In addition to specific solvent-fluorophore intetians, many fluorophores can
form an ‘Internal Charge Transfer’ (ICT) state,aofTwisted Internal Charge Transfer’
(TICT) state. For instance, suppose the fluoroplworgains both an electron-donating
and an electron-accepting group. Such group coeldamino and carbonyl groups,
respectively, but numerous other groups are kndwhowing the excitation, there can

be an increase in charge separation within thedjptwore. If the solvent is polar, then a

26



species with charge separation (the ICT state) Ibe@pme the lowest energy state. In a
non-polar solvent the species without charge séparaso-called ‘Locally Excited’
(LE) state, may have the lowest energy. Hencerdleeof solvent polarity is not only
affect the energy of the excited state due to gersmlvent effects, but also to govern
which state has the lowest energy. In some casasafion of the ICT state requires
rotation of groups on the fluorophore to form thkCT state. Formation of the ICT
states is not contained within the theory of geneddvent effects. Additionally, a
fluorophore may display a large spectral shift tuexcimer or exciplex formation. The
fluorophore may be fluorescent or nonfluorescernhese different states. The quantum
yield can change due to change in the rate of admactive decay or due to a

conformational change in the fluorophore.

In summary, no single theory can be used foramtiiative interpretation of the
effects of environment on fluorescence. Interpretadf these effects relies not only on
polarity consideration, but also on the structufeghe fluorophore and the types of
chemical interactions it can undergo with otherrbganolecules. The trends observed
for solvent polarity follow the theory for genemsdlvent effects, which may give the
impression that the solvent polarity is the onlgtéa to consider. In reality, multiple

factors affect the emission of any given fluorogfor

252 Oxygen

The intensity of fluorescence can be decrease hyide variety of
processes. Such decreases in intensity are calledchjing. Quenching can occur by

different mechanisms. Collisional quenching ocaunen the excited-state fluorophore
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is deactivated upon contact with some other moéeaulsolution, which is called the

qguencher. The molecules are not chemically alteréide process.

A wide variety of molecules can act as collisiogaénchers. Examples include
oxygen, halogens, amines and electron-deficienteocubés like acrylamide. In this
dissertation the focus is on the effect of the @mes of oxygen in the fluorescence
sample. The mechanism of quenching varies withfltrerophore-quencher pair. For
instance, quenching of indole by acrylamide is pliy due to the electron transfer
from indole to acrylamide, which does not occurthie ground state. Quenching by

r%9—30

haloged®*° and heavy aton§*® occur due to spin-orbital coupling and intersystem

crossing to the triplet state.

Aside from collisional quenching, fluorescence qeieng can occur by a variety
of other processes. Fluorophores can form nonfaoem complexes with the
quenchers. This process is referred to as stadnaning” since it occurs in the ground

state ant.

253 pH

The addition of Bronsted acids or bases to theeswésin which absorbing,
fluorescing or phosphorescing molecules are stuchedaffect the electronic spectra in
two ways. If the acidity of the medium after thedidn of acid or base is insufficient
to protonate lone or non-bonded electron pair® @bistract a proton from a dissociable
group, the acid or base may form hydrogen bonds thi¢ basic or acidic groups of the

molecule of spectroscopic interest. The effectthese types of hydrogen bonding upon

28



the electronic spectra are similar to those desdrifor hydrogen bond donor and

acceptor solvents.

In some cases, aromatic molecules having non-labaletron pairs fail
to fluoresce in a non-hydrogen-bonding solvent bseahe lowest excited singlet state
is of then, n* types and favors radiationless intersystem cragsas a mode of
deactivation of the lowest excited singlet statke Bddition of small amount of acid
results in the formation of hydrogen bonding wtie hon-bonded pairs often raising the
energy of then, n* state to such a degree that the lowegst* states become the lowest
excited singlet state, making fluorescence likdly. this regard, several nitrogen
heterocyclics, such as quinoline and acridine adesaromatic carbonyl compounds
such as 2-acetonaphthone and pyrene-3-aldehydeotdfiunresce but phosphoresce.
This addition of small amounts of acids such atutmoacetic acid or trichloroacetic
acid, which are fairly soluble in hydrocarbons,utesin appearance and decrease in the

intensity of phosphorescence from these molecules.

If the acidity of the medium is sufficient to protte functional groups having
lone or non-bonded electron pairs, or to abstrggbson from acidic functional groups,
the effects on the electronic spectra are more afiarbut qualitatively similar to the
effects produced by hydrogen bonding. Protonatiom loasic molecule, or dissociation
of an acidic molecule, produce a chemical specibsse reactivity and electronic
structure are different from that of the originablecule. However, protonation is
similar to the interaction with a hydrogen-bond dorsolvent in that a positive
polarizing influence is affected at the protonafaactional group, while dissociation is

similar to interaction with a hydrogen-bond accegolvent in that the removal of a
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positively charged proton is equivalent to a negatpolarizing influence at the

dissociated group.

Following the lines of reasoning developed for login-bonding effects on
electronic spectra, some generalization can be nfad¢onation of non-bonded pairs
on functional groups in the excited state enhartbesacceptor properties of these
groups and results in stabilization of the excigtdtes relative to the ground state.
Protonation of these types of functional groupsreftge produces shifting of the
intramolecular, electronic, charge-transfer spetdrbbnger wavelengths. However, the
n, ©* states giving rise tao, ©* transitions (which are usually seen only in tihsa@ption
spectra) of these molecules are raised in energydb an extent by protonation that
they disappear completely from the absorption spedrotonation of lone pairs on
functional groups that are charge-transfer donarghe excited states (e.g —NH
inhibits the donor properties of these groups asilts in shifting of the electronic

spectra to shorter wavelengths

2.6 Thechemical structure and the fluor escence

The nature of substituents (especially chromophones) plays an important
role in the nature and extent of a molecule’s #soence. Substituent effects on the
chemical and physical properties of organic molkesuh their ground electronic states
constitute a lively area of investigation at presdéfurthermore, only little is known
about the influence of substituents on the behavabuhe excited states. Both effects
must be understood before generalizations conagtthie effect of various substituent

groups can be made.
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A simple generalization is thattho-para-directing substituents often enhance
fluorescence, whereamseta-directing group repress it as shown in Table Rlany of
the commonmeta-directing substituents, possess low-lyimg *) singlets. The —N©
group is especially notorious for repressing flsoence. Carbonyl substituents (ketone,
aldehyde, ester, carboxylic acid), which ameta-directing, repress fluorescence

because carbonyl-substituted aromatic possessyiog-n, ©*) singlets®

The —CN substituent isneta-directing, yet cyno-substituted aromatics often
fluoresce more intensely than the parent hydrocarBwidently, (, 7*) singlet states in
cynoaromatics are sufficiently higher in energyntitae lowest «, n*) singlet for the

former to have no significant perturbing effect.

Someortho-para-directing substituents (-OH, -NH-OCH;) tend to enhance the
fluorescence of aromatic compounds. Great care ipeistxercised in discussing the
effect of these substituents because they hawer@gstendency to form hydrogen-bond
with the solvent or occasionally with other solut@r example, the dissociated —OH
group (-O) is a stronglyortho-para-directing group, yet most phenolates are less
fluorescent than their conjugated acids. In mosesaonized phenols interact very
strongly with the solvent, increasing the efficigraf $* —S internal conversion. In
other words, for aromatic compounds with acidic barse functional groups, it is
inherently impossible to separate ‘structural” frédemvironmental” effects on their

luminescence behaviour.
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Table 2.1: The effect of substituents on the fluor escence of aromatics™®

Alkyl None Very slight increase or
decrease

-OH, -OCHsj, -OC,H5 Decrease Increase

CO-H Decrease Large decrease

NH>,NHR, NR, Decrease Increase

NO, Large decrease Large decrease

CN None Increase

SH Decrease Decrease

F Decrease Decrease

Cl Decrease Decrease

Br Decrease Decrease

I Decrease Decrease

SO3H none none

2.7 Objectivesof study

The main objectives of this study is first to sydize a series of phenoxy
derivatives of pyrimidine and pyrazine. The secoobjective is to study the
fluorescence characteristic of all compounds pesparith respect to:

I. solvents

ii. substituents

lii. concentrations

iv. pH

v. effect of oxygen
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CHAPTER 3: RESULTSAND DISCUSSION

3.1 Synthesisof the compounds studied
In this study, eleven compounds have been syn#mdsihich consist of
nine phenoxypyrimidines and two phenoxypyrazinestails of synthesis are
described in chapter five. Reaction equation oh@opyrimidine (35) with a

phenol and its derivatives are as shown in Figute 3

(1,0

45)

Figure3.1: Reactions of 2-chloropyrimidine (35) with phenol and its
derivatives

33



Reaction of 2-chloropyrazings4) with o-methoxyphenol(36) and p-

methoxypheno(38) were as shown in Figure 3.2

()

(35)

~

O

(38)©

OH

Bt

N~ ~Cl
4

QL
OHO

(36)
N\
()

55) O

Figure3.2: The reaction of 2-chloropyrazine (54) with o-methoxyphenol
(36) and p-methoxyphenal (38).

The structures of all prepared compounds were wuogefi by IR,*H
NMR, C NMR and GC-mass spectra. The detailed spectraataaehed in

Appendices section.
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Reaction of 2-chloropyrimiding35) with o-methoxyphenol(36), p-
methoxyphenol(38), phenol (40), mmethoxyphenol(42), o-cresol (44), 1,2-
dihydroxybenzen€46), m-nitrophenol(48) and p-cresol(50) were carried out
using classical Williamson ether synthe€ighe Williamson ether synthesis is
one of the best methods for preparing ethers. €haetions mechanism of this

reaction is as shown in Scheme 3.1

OH O'Na*
N N . X
| + NaOH (aq) > @
/2 /2
R R
O'Na*
N
| X + fN o | oy 4\ —
= _ N, O /
R/ Nj\ cl A RS
(K))

R = H, -CH;, -OCHj, -NO,, -OH

Scheme3.1: The reaction mechanism of 2-chloropyrimidine (35) with
phenol and itsderivatives
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Similarly, 2-chloropyrazing€54), reacted with eithes-methoxypheno(36) or p-
methoxyphenol(38) via William ether synthesis. The reaction mechanief 2-

chloropyrazing54) with phenol derivatives is as shown in Scheme 3.2.

OH O'Na"
A
A I \ -
| P NaOH (aq) |/ -

R =-OCH,

Scheme 3.2:  Thereaction mechanism of 2-chloropyrazine (54) with phenol
derivatives

3.2 Synthesisof phenoxypyrimidines

3.2.1 Reactions of 2-chloropyrimidinewith various phenols

Reactions of 2-chloropyrimidine(35) with o-methoxyphenol (36), p-
methoxyphenol (38), phenol (40), 3-methoxyphenol(42), o-cresol (44), 1, 2-

dihydroxybenzené46), 3-nitrophenol(48) andp-cresol(50) were studied as shown in
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Figure 3.1. 2-(2-Methoxyphenoxy)pyrimidine(37) was obtained wheno-
methoxypheno(36) was added to sodium hydroxide and 2-chloropyrined85). 60%
of the pure product was obtained after recrystdlls from ethyl acetate. The structure

of (37) was confirmed by IR'H NMR, **C NMR and GC mass spectra.
4
X
6>N"0
6@2/'0\
5 3
4'
(37)

The mass spectrum showed an’[Mpeak atmvz 202 corresponding to the
molecular formula of @HigN>O,. The *H NMR spectrum showed a doublet with
coupling constant of 4.9 Hz &t8.54 which represented H-4 and H-6, while a midtip
ato 7.22 was assigned to H-5. Two sets of multiple& 401 for H-3', H-4" and H-5’

but H-6' atd 7.22 while hydrogen of the methoxy group was olesgias a singlet at

3.74.

The **C NMR spectrum showed a total of ten signals attable to eleven
carbons which consist of methoxy carbon, 6 methar®ons and 3 quaternary carbons,
which are in agreement with the corresponding maéecformula of (37). The
relatively low intensity of quaternary carbon @tl65.2 was assigned to C-2 of the
pyrimidine ring, while signal aé 159.5 was assigned to carbons C-4 and C-6. Two
signals at 151.5 and 141.8 were assigned to C-2’ and C-1’' of quaterranpons,
while signal ab 112.7 was attributable to C-5 of pyrimidine riAdne signal ab 122.7
— 06 112.7 were assigned to C-3', C-4’, C-5’ and C-6’tlbe o-methoxyphenoxide

moiety. The upfield signal @55.8 is notable for the presence of a methoxymrou
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The infrared spectrum showed a strong absorptionl lad 1569 and a medium
absorption bands at 1498 and 1404 which were duerdgsence of C=N stretching and
aromatic C=C stretching respectively. A strong babderved at 1302 and 1023 were

typical of C-O stretching bands.

Reaction of 2-chloropyrimiding5) with 4-methoxyphend[38) gave 50% yield
of colourless crystal 0{39). The structure 0{39) was confirmed by spectroscopic
methods. The mass spectrum displayed af fp¢ak atmvz 202 which is consistent

with the molecular formula GH1oN-O5.

(39)
The'H NMR spectrum of39) showed similar profiles with those (87). The
differences were observed as two doublets (J= 2)3akb 7.14 and 6.96, which were

assigned for H-2'/H-6’ and H-3'/H-5’ respectively.

The *C NMR spectrum showed a total of 8 signals whichresented 11
carbons. Out of 8 peaks, six peaks showed simiaiilgs as compared (87). The
differences were observed for signalséatl22.5 ands 114.7, each represented 2
aromatic of C-2'/C-6" and C-3'/C-5’ respectivelyh& IR spectrum of (39) displayed

similar absorptions to that o37).
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2-Phenoxypyrimidiné41) was obtained when phen@l0) was allowed to react
with 2-chloropyrimidine(35). The GC-mass spectrum displayed the][ieak atnvz
172 which is consistent with the molecular formGlgHsN-O.

4
h
6>N"0

6" 2!
5 3
4'
(41)

The 'H NMR spectrum of(41) showed a downfield doublet &t 8.5 which
attributable to H-4 and H-6 ¢87). A triplet ato 7.42 with coupling constant of 6.6 Hz
was due to H-3' and H-5" while a doublet&®.23 with coupling constant of 5.8 Hz
was assigned to H-4'while another doublet (J= 7z§ &to 7.18 was attributable to H-
2’ and H-6’. A downfield triplet (J= 4.9 Hz) & 7.01 was consistent to H-5 of the

pyrimidine ring.

A total of seven signals which represented 10 cadioms were observed in the
13C NMR spectrum of41). However, only three signalg,165 (C-2),5 160 (C-4/C-6)
ands 153 (C-1") were similar as compou(@r). In addition, two signals &t 129.6 and
6 116.1 were attributable to C-3'/C-5" and C-2'/Ci@spectively. The remaining two
signals até 125.5 andd 121.6 were assigned to C-4" and C-5 respectivehe IR

spectrum showed similar absorption bands as contsg@n).

Ultimately, the correct structure of(41) was determined by X-ray
crystallography analysis. The crystal system wasndoto be monoclinic and the
refinement data are as shown in Table 3.1, whigufé 3.3 showed the ORTEP
diagram of(41).
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Table3.1:

Thecrystal system and refinement data of (41)

Crystal data and structurerefinement for 2-phenoxypyrimidine (41).

Chemical formula
Molecular weight

Crystal system

T (K)

Space group

a(A)

b (&)

c(A)

B

V (A%

Z

Dcalc Mg m?®

Absorption coefficienft (mm %)
Fooo

Crystal size (mm)

0 range for data collection
Index ranges

Reflections collected
Independent reflection
Data / parameters
Goodness-of-fit on ¥
Final R indiceR[F? > 26(F?)]

GHsN-0O
172.18
Monoclinic,
100 (2)
P21fc
10.859 (1)
20.181 (2)
8.1339 (8)
106.637 (2)
1707.8 (3)
8
1.339
0.09
720
0.25 x 0.20 x 0.15
2.2-28.2°
(-11, -26, -10) to (14, 26, 10)
9752
3901
235
0.102
=0.037

Figure3.3: ORTEP diagram of 2-phenoxypyrimidine (41)*®
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Treatment of 2-chloropyrimiding35) with 3-methoxyphenol(42) gave 36%
yield of colourless crystg¥3). The mass spectrum displayed an'[Meak atm/z 202

which is consistent with the molecular formulgd;oN-O..

(43)

The 'H NMR spectrum 0of(43) also showed similar profile for protons of
pyrimidine ring of(37). In addition two triplets were observedat.33 and 7.04 with
coupling constant of 4.6 Hz was assigned to H-5 HR2’ respectively. A multiplet at
6 6.79 were attributable to H-4’, H-5 and H-6’. Tieenaining singlet ai 3.81 indicated

the presence of a methoxyl.

The *C NMR spectrum showed a total of 10 signals cormig methoxy, 3
quaternary and 6 methine representing 11 carbansatehich agree with the molecular
formula of (43). Two carbon peaks were similar with compoudd) for C-2 and
methoxy group. The low intensity of quaternary cadbrecorded at 160.7 and 153.9
were assigned to C-1’ and C-3'. A signalbat58.7 was assigned to C-4/C-6 where as
five signals ab 130.0 -5 100.5 were assigned due to carbon C-5’, C-5, @&}, and
C-2’. The IR spectrum displayed similar absorptibands as(37) in the earlier

discussion.

The structure 0f43) was also determined by X-ray crystallography asialy
The crystal system was found as monoclinic andréfimement data of43) are as

shown in Table 3.2 while Figure 3.4 showed the ORTagram of43).
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Table3.2: The crystal system and refinement data of compound (43)

Crystal data and structurerefinement for 2-(3-Methoxyphenoxy)pyrimidine (43)

Chemical formula GH1o0N20;
Molecular weight 202.21
Crystal system Monoclinic
T (K) 293

Space group Cc

a=(A) 8.8120 (16)
b (A) 18.215 (3)
c(A) 7.2094 (10)
B (9 119.380 (2)
V (A% 1008.4 (3)

z 4

Dcalc Mg m?® 1.332
Absorption coefficienft (mm %) 0.09

Fooo 424

Crystal size (mm) 0.40 x 0.30 x 0.08
0 range for data collection 2.2-21.9
Index ranges (-11, -23, -9) to (11, 23, 9)
Reflections collected 4725
Independent reflection 1165
Data / parameters 138
Goodness-of-fit on ¥ 0.086

Final R indiceR[F? > 25(F%)] 0.032

Figure3.4: ORTEP diagram of 2-(3-M ethoxyphenoxy)pyrimidine (43)*
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Colourless crystal of 2eftolyloxy)pyrimidine (45) was obtained when 2-
chloropyrimidine (35) was reacted witlo-cresol (44) in 40% vyield. The GC-mass
spectrum displayed an [Ylat m/z 186 which in agreement with the molecular formula

C11H10N20

(45)
The'H NMR spectrum of45) showed a triplet &t 7.30 was due to H-3’ and H-
6'. A triplet was also observed &t7.19 with coupling constant 6.1 Hz was due to H-4’
A doublet and a triplet were observedat.12 and 7.01 which were due to H-5" and
H-5 respectively. For proton H-4 and H-6 the dotilpleak was similar to compound

(37).

The'*C NMR spectrum of45) showed a total of 10 carbon peaks, which consist
of one methyl, 3 quaternary and 6 methine carb@m& signal for C-2 was similar to
(37) carbon peak. Signal a159.7 and 151.3 were assigned to carbons C-4/C-6 and
C-1’ while six signals ab 131.3 -6 159.7 were due to C-2’, C-3’, C-5’, C-4’, C-6’ and
C-5. The peak recorded &tl6.2 was assigned to carbon of methyl group. Etspm

displayed similar absorption bands as compd@idyias discussed earlier.

The structure 0f45) was also determined by X-ray crystallography asialy

The crystal system was found to be orthorhombicthedefinement data ¢45) are as

shown in Table 3.3 while Figure 3.5 showed the ORTiagram of45).
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Table 3.3 The crystal system and refinement data of compound (45)

Crystal data and structurerefinement for 2-(o-Tolyloxy)pyrimidine (45)

Chemical formula GH1NLO
Molecular weight 186.21
Crystal system Orthorhombic
T (K) 153

Space group Pca2l
a=(A) 7.5197(2)

b (A) 12.7997 (3)
c(A) 20.3238 (4)

V (A3) 1956.16 (8)

z 8

Dcalc Mg m® 1.265
Absorption coefficientt (mm™?) 0.08

Fooo 784

Crystal size (mm) 0.35x0.25x0.15
0 range for data collection 26-27.9
Index ranges (-9,-16, -26) to (9, 16, 26)
Reflections collected 12792
Independent reflection 2317

Data / parameters 255
Goodness-of-fit on ¥ 0.088

Final R indiceR[F* > 25(F?)] 0.033

Figure3.5: ORTEP diagram of 2-(o-tolyloxy)pyrimidine (45)*



Reactions of 2-chloropyrimiding@5) with 1,2-dihydroxybenzen@l6) gave 25%
yield of colourless crystgi7). The structure of 2-(pyrimidin-2-yloxy)phen@l7) was
confirmed by spectroscopic methods. The mass spedisplayed an [V at m/z 188

which agree with the molecular formulagsN2O,.

(47)

The'H NMR spectrum of47) showed a singlet @ 9.55 was assigned to O-H.
Triplet were also observed on the benzene ring Gt92 andd 6.80 with coupling
constant 6.3 Hz and 5.9 Hz respectively were asdgign H-4" and H-5'. The proton
peaks for the pyrimidine ring were similar to corapd(37).

The **C NMR spectrum showed a total of nine carbon peaksisting three
guaternary carbons and six methine carbons whickeatent with molecular formula
of (47). The rest of four carbon peaks were similar todbmpound(37). Meanwhile

signalsd 123.1 - 116.7 were due to C-3’, C-4’, C-5" and C-6'.

The IR spectrum displayed a strong absorption ban®297 crit which was
due to OH group. Others displayed absorption bavete similar to(37) as discussed
earlier. The structure of compoudl’) was also determined by X-ray crystallography
analysis. The crystal system is monoclinic andréfmement data of47) are as shown

in Table 3.4 while Figure 3.6 showed the ORTEP @iagof compoun@47).
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Table 3.4: Thecrystal system and refinement data of compound (47)

Crystal data and structure refinement for 2-(Pyrimidin-2-yloxy)phenol (47)

Chemical formula
molecular weight
Crystal system

T (K)

Space group
a=(A)

b (A)

c(A)

B (°)

V (A3

Z

Dcalc Mg m®

Absorption coefficientt (mm %)
I:OOO

Crystal size (mm)

0 range for data collection
Index ranges

Reflections collected
Independent reflection
Data / parameters
Goodness-of-fit on ¥

Final R indiceR[F* > 26(F?)]

GHsN2O,
188.18
Monoclinic
293
C2/c
18.0849 (18)
7.3293 (8)
13.3983 (14)
92.521 (1)°
1774.2 (3)
8
1.409
0.10
784
0.32 x0.30 x 0.10
3.0-26.9°
(=23, -9, -17) to (23, 9, 15)
2048
2043, = 0.027
130
0.112
0.039

Figure3.6: ORTEP diagram of 2-(Pyrimidin-2-yloxy)phenol (47)*

Reactions of 2-chloropyrimiding5) with m-nitrophenol(48) gave 39 % vyield

of yellow crystals(49). The GC-mass spectrum gave an'[Mt m/z 217 which is

consistent with the molecular formulagd;N3Os.

46



4
SﬁN
6! N
Cx
>N No,
(49)

The 'H NMR spectrum of(49) showed a doublet a 8.53 with coupling
constant 4.9 Hz which was assigned to H-4 and While a multiplet ad 8.05 was due
to H-2" and H-4'. Another multiplet aé 7.54 was assigned to H-5 and H-6. The
remaining signal is a triplet with coupling congtdr® Hz was observed &t7.07 which

was due to H-5.

The **C NMR spectrum showed a total of 9 signals reptisgrl0 carbons
which agree with the molecular formula of 2-(3-oghenoxy)pyrimidine(49). The
relative low intensity signal a 164.6 was assigned to C-2. A signakbat59.9 was
assigned to carbons C-4, C-5 and C-6. The signal4%3.0 and 130.2 were due to C-
1" and C-3’ respectively. Signats128.1 -6 117.1 were assigned to C-2', C-5, C-6’

and C-4'.

The IR spectrum displayed similar absorption baaglé37) which have been
discussed earlier. However, additional band at 1853 was due to N@group. The
structure of(49) was also determined by X-ray crystallography asialyThe crystal
system is orthorhombic and the crystal refinemexta @f(49) are as shown in Table

3.5, while Figure 3.7 showed the ORTEP diagranoafgound(49).
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Table 3.5: The crystal system and refinement data of compound (49)

Crystal data and structurerefinement for 3-Nitrophenyl pyrimidin-2-yl ether (49)

Chemical formula
Molecular weight

Crystal system

T (K)

Space group

a=(A)

b (A)

c(A)

V (A3

Z

Dcalc Mg m?®

Absorption coefficienft (mm %)
Fooo

Crystal size (mm)

0 range for data collection
Index ranges

Reflections collected
Independent reflection
Data / parameters
Goodness-of-fit on
Final R indiceR[F* > 25(F?)]

GH7N303
217.19
Orthorhombic,
118
Pbcn
18.1360 (3)
7.3355 (1)
14.5986 (3)
1942.15 (6)
8
1.486
0.11
896
0.40 x 0.20 x 0.15
2.8-28.2°
(=23, -9, -18) to (23, 9, 18)
12785
2242
145
0.102
0.037

Figure3.7: ORTEP diagram of 3-nitrophenylpyrimidin-2-yl ether (49)*

2-(p-Tolyloxy)pyrimidine (51) was formed when 2-chloropyrimidin@5) was

treated withp-cresol(50). 33 % vyield of colourless crystals was obtaindae GC-mass
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spectrum gave an [Nl at nVz 186 which is consistent with the molecular formula

C]_]_H lON 20 .

'

4
Wl
N0
612
5 3
4'
(51)
The *H NMR spectrum of51) showed similar signals attributable to H-4/H-6
and H-5 as o{37), while another doublet with coupling constant BBaté 7.28 was
assigned to H-3' and H-5'. Another doublet (J=68 Hté 6.97 was due to H-3’ and H-

5'. An upfield singlet ab 2.9 indicated to the presence of methyl group.

The °C NMR spectrum showed a total of eight signals esent three
quaternary, seven methine and one methyl carbonshwih agreement with the
molecular formula of51). The relative low intensity signals &t160.6,56 157.0 and
146.2 were assigned to quaternary carbons C-2,dad'C-4’. The carbons of pyrazine
ring were recorded &t141.0,6 138.1 and 135.7 which were assigned to C-3, C-5 and
C-6. The signals at 122.3 was assigned to C-2’ and C-6’ while a sigitél114.8 was
due to C-5" and C-3'. Meanwhile a signal &65.6 was due to carbon of a methyl

group. The IR spectrum @1) was similar to that of37) as discussed earlier.
The structure of compoun(bl) was determined by X-ray crystallography

method. The crystal system is orthorhombic andr#fmement data o{51) are as

shown in Table 3.6, while Figure 3.8 showed the ERTHiagram of compoun@1l).
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Table 3.6: Thecrystal system and refinement data of compound (51)

Crystal data and structurerefinement for 2-(p-tolyloxy)pyrimidine (51)

Chemical formula
Molecular weight

Crystal system

T (K)

Space group

a (A

b (A)

c(A)

V (A3

Z

Dcalc Mg m?®

Absorption coefficienft (mm %)
Fooo

Crystal size (mm)

0 range for data collection
Index ranges

Reflections collected
Independent reflection
Data / parameters
Goodness-of-fit on
Final R indiceR[F* > 25(F?)]

@H10N2O
186.21
Orthorhombic
153
Pbca
11.2918 (2)
7.2275 (1)
23.3359 (5)
1904.48 (6)
8
1.299
0.09
784
0.35 x 0.35 x 0.35
2.8-28.2
(=14, -9, -30) to (13, 9, 30)
12308
2189
128
0.109
0.038

Figure3.8: ORTEP diagram of 2-(p-tolyloxy)pyrimidine (51)*

3.2.2 Reactions of 2-chloropyrimidin-4-amine with phenol

Reactions of 2-chloropyrimidin-4-amir{g2) with phenol(40) gave 47 % yield

of colourless crystal of53). The GC-mass spectrum displayed an’][Mt m/z 217

which consistent with the molecular formuladsN;O
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NH,
s
6N 0

6! 2!
5 3

4'
(53)
The 'H NMR spectrum of(53) showed a doublet a 8.02 with coupling

constant of 5.6 Hz was assigned to H-6, while@dtiaté 7.38 was attributable to H-3’
and H-5. A multiplet was also observedsa?.17 which was due to H-2’, H-4', H-6’,

while a doublet with coupling constant 5.6 Hz webserved ab 6.14 was assigned to

H-5. A broad upfieldsinglet &t 5.00 indicated the presence of Ngtoup.

The carbon peaks of théC NMR spectrum showed a total of eight peaks
representing three quaternary and seven methim®mswhich in agreement with the
molecular formula o{53). The peaks for C-2, C-4 and C-6 were similar tdoca peak
of compound(37). The signals ab 153.0 ands 130.2 were due to C-1' and C-3’
respectively. Signals recorded&ti28.1 —5 117.1 were assigned to C-2’, C-5', C-6’

and C-4'.

IR spectrum displayed similar absorption bandhtsé(37). Strong absorption
recorded at 3130 ciwhich was due to NH stretching vibration. The structure of
compound53) was determined by X-ray crystallography analybiee crystal system is
orthorhombic and the refinement data(88) are as shown in Table 3.7, while Figure

3.9 showed the ORTEP diagram of compo(B8).
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Table3.7:

The crystal system and refinement data of compound (53)

Crystal data and structurerefinement for 4-Amino-2-phenoxypyrimidine (53)

Chemical formula
Molecular weight

Crystal system

T (K)

Space group

a=(A)

b ()

c(A)

B

V (A%

Z

Dcalc Mg m?®

Absorption coefficienft (mm %)
Fooo

Crystal size (mm)

0 range for data collection
Index ranges

Reflections collected
Independent reflection
Data / parameters
Goodness-of-fit on ¥
Final R indiceR[F? > 26(F?)]

¢HoN30
187.20
Monoclinic
120
P21/
8.8443 (3)
12.1214 (3)
9.0415 (2)
96.751 (2)
962.58 (5)
4
1.292
0.09
392
0.40 x 0.20 x 0.10
2.3-27.9
(-10, -15, -10) to (11, 15, 11)
6375
2178
136
0.163
0.055

Figure 3.9:

ORTEP diagram of 4-Amino-2-phenoxypyrimidine (53)*
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3.3 Synthesisof pyrazinederivatives

Reactions of 2-chloropyrazirn(®4) with o-methoxypheno(36) gave 41 % yield
of colourless crystal of compour(8s). The GC-mass spectrum gave an st m/z 202

which is consistent with the molecular formulgd;oN-O,

500N3
6[ /12
N O
6' 'O\
5 3'
4"
(55)
The *H NMR spectrum of(55) showed singlets &t 8.43, & 8.22 ands 8.06
which were due to H-3, H-5 and H-5 respectivelyddublet até 7.23 with coupling
constant 8.08 Hz, was assigned to H-6'. Anotherbtiiuwas also recorded at7.16

with coupling constant 6.6 Hz which was due to HAR'triplet with coupling constant

of 8.28 Hz was recorded &t7.03 which was due to H-3'and H-4".

The ®C NMR spectrum showed a total of eleven signalsctvigonsist of three
quaternary, seven methine and one methoxy carbdnishwn agreement with the
molecular formula of(55). The relative low intensity signals recordedéal60.1,d
151.5 and 141.5 were assigned to C-2, C-2’ and C-1'respebtiSignals aé 141.0,6
138.1 and 135.2 were assigned to C-6, C-3 and C-5 of thazige ring. Meanwhile,
signals ab 126.7,6 122.9, 6 121.1 and 112.8 were due to C-4,”, C-6’, C-5" and C-3’
respectively. One upfield signal &t 55.7 was due to a methoxy carbon. The IR

spectrum displayed similar absorption bands as eoeato(37).
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2-(4-Methoxyphenoxy)pyrazings6) was obtained in 42% as colorless crystal
when 2-chloropyrazine(54) was reacted witlp-methoxyphenol(38). The GC-mass
spectrum displayed an [Jlat m/z 202 which is consistent with the molecular formula

C11H10N202
P
2
>0
62

5 3
4'
O\

(56)
TheH NMR spectrum of{56) showed similar protons profiles for pyrazine as
compared td55). In addition, a doublet (J= 10.5 Hz)&¥.10 was attributable to H-3’
and H-5’. Another doublet was also observed withptimg constant 6.8 Hz &t 6.97

which was due to H-2' and H-6'.

The **C NMR spectrum showed a total of nine which représg peaks three
quaternary, seven methine carbons and one methavkpms which in agreement with
the molecular formula of56). The relative low intensity signals recorded &t60.6,5
157.0 andd 146.2 were assigned to C-2, C-4’ and C-1’' respelsti The methine
carbons of pyrazine ring were recordédl41.0,6 138.1 ands 135.7 which was
assigned to C-6, C-5 and C-3 respectively. Theatsgato 122.3 was attributable to C-
2’ and C-6’ while a signal &t 114.8, was assigned to C-5" and C-3'. Meanwhignha
at 6 55.6 was due to the methoxy carbon. IR spectrusplalyed similar absorption

bands ac compared to thosg®f) as discussed earlier.
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The structure of56) was also determined by X-ray crystallography asialy

The crystal system is monoclinic and the refinentata of(56) are as shown in Table

3.8, while Figure 3.10 showed the ORTEP diagraroofipound56).

Table 3.8: The crystal system and refinement data of compound (56)

Crystal data and structurerefinement for 2-(4-methoxyphenoxy)pyrazine (56)

Chemical formula
Molecular weight

Crystal system

T (K)

Space group

a=(A)

b (A)

c(A)

B (°)

V (A%

Z

Dcalc Mg m?®

Absorption coefficienft (mm'l)
Fooo

Crystal size (mm)

0 range for data collection
Index ranges

Reflections collected
Independent reflection
Data / parameters
Goodness-of-fit on ¥
Final R indiceR[F? > 26(F?)]

GH10N202
202.21
Monoclinic
293
P21fc
5.8783 (2)
10.9298 (4)
15.6430 (6)
97.109 (2)
997.32 (6)
4
1.347
0.10
424
0.35 x0.20 x 0.10
2.3-22.4
(-6, -12, -18) to (6, 12, 18)
5515
1743
138
0.100
0.036

Figure3.10: ORTEP diagram 2-(4-M ethoxyphenoxy)pyr azine (56)*
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34 Fluor escence characteristics of synthesised compounds

Figure 3.11 shows a histogram of the fluorescencnsity of 2-(2-
methoxyphenoxy)pyrimidine (37), 2-(4-methoxyphenoxy)pyrimidine (39), 2-
phenoxypyrimidine  (41), 2-(3-methoxyphenoxy)pyrimidine  (43), 2-(0-
tolyloxy)pyrimidine (45), 2-(pyrimidin-2-yloxy)phenol 47, 2-(3-
nitrophenoxy)pyrimidine(49), 2-(p-tolyloxy)pyrimidine (51), 2-phenoxypyrimidin-4-
amine(53), 2-(2-methoxyphenoxy)pyrazings5), and 2-(4-methoxyphenoxy)pyrazine

(56) in various of solvents.

Figure3.11: Fluorescence characteristic of synthesis compound in various
solvents

2-(2-methoxyphenoxy)pyrimidine (37)

2-(4-methoxyphenoxy)pyrimidine (39)
2-phenoxypyrimidine (41)
2-(3-methoxyphenoxy)pyrimidine (43)
2-(o-tolyloxy)pyrimidine (45)
2-(pyrimidin-2-yloxy)phenol (47)
2-(3-nitrophenoxy)pyrimidine (49)

2-(p-tolyloxy)pyrimidine (51)

2-phenoxypyrimidin-4-amine (53)

2-(2-methoxyphenoxy)pyrazine (55)

ﬂw Ty

2-(4-methoxyphenoxy)pyrazine (56)

0 100 200 300 400 500 600 700 800 900 1000

mTHF mEA hexane M acetonitrile mEtOH Fluorescence Intensity

Table 3.9 shows the fluorescence characteristic  d@-(2-
methoxyphenoxy)pyrazings5) and 2-(4-methoxyphenoxy)pyrazin®6) in various

solvents in capped conditions.
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Table 3.9: Fluorescence characteristic of 2-(2-methoxyphenoxy)pyrazine (55)
and 2-(4-methoxyphenoxy)pyrazine (56) in various solvents.
(concentration: 4.95x 10 M)

Compound Solvent Excitation Fluorescence Intensity
wavelength| wavelength
(nm) (nm)
2-(2- Hexane 345 355 215.63
(rggthoxyphenoxy)pyrazme Ethanol 214 362 3.71
Acetonitrile 203 325 45.14
Ethyl acetate 344 437 130.55
Tetrahydrofuran 203 333 21.60
2-(4- Hexane 349 377 283.47
Egg;hoxyphenoxy)pyrazme Ethanol 200 376 13.95
Acetonitrile 201 347 37.05
Ethyl acetate 347 446 100.07
Tetrahydrofuran 204 373 46.35
300
g 250
£ 200 m EtOH
€ 150 W acetonitrile
£
E 100 hexane
= W EA
E 50
W THF
0 T 1
2-(4-methoxyphenoxy)pyrazine 2-(2-methoxyphenoxy)pyrazine
(56) (5%5)

Figure3.12: Fluorescence characteristic of compound (55) and (56) in various
solvents.

The fluorescence characteristic of the compoyb8sand(56) were carried out
in hexane, ethanol, acetonitrile, ethyl acetate tchhydrofuran as show in Figure

3.12. Compound$55) and (56) showed the lowest fluorescence intensities inretha
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The reason of low fluorescence intensity obsergatlie to solvent effects whereby it is
believed that compoundg) and(56) formed a complex with the ethanol as shown in

Figure 3.13.

O\ O\
woR HOR
! 0O ' o)
l{l A 0] l{l H/
[}
| N ' _H R | N N
= :,/// = /I,/’/H R
N7 HL R NG
i ol ° "
H : o
0 | 0
H\ aH_O
R R -
(@) o \
I Pt R
R N
H
(@)
\
R
R:CH3CH2-

Figure 3.13: Formation of hydrogen bonded complexes

The formation of hydrogen bonds which is capableaijugating with ther-
electron hence been disturbed and caused the $keemee intensity to be reduced. This
phenomenon favours the low lying-m n* transitions which refers to the excitation of a
nonbonding electron to an antibonding orbital. #sweported that s> * transitiori*®
is forbidden in fluorescence spectra and wherrasgnt the intensity is weak. As a

result, a decrease in fluorescence intensity wasrobd.

A change in the ability of a solvent to form hydeagoonds can affect the nature
of n —» n* andn — n* of the lowest singlet state. Inversion of thea® states can be
observed when the polarity and the hydrogen-bongmger of the solvent increases,

because the r> n* state shifts to higher energy whereas ihe»> n* state shifts to
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lower energy. This results in decrease fluorescameasity because radiative emission

from n— x* states is known to be less efficient than frems ©* states.

However in Figure 3.12, compoundS85) and (56) exhibit at the highest
fluorescence intensity in hexane which is a norapablvent. It is believe that the
occurrence of an electronic transition in a sotetpiires a finite transition dipole which
polarizes the surrounding solvent sHélAs a result high fluorescence intensity was

observed.

Table 3.10 shows the fluorescence characteristic  &-(2-
methoxyphenoxy)pyrimidine (37), 2-(4-methoxyphenoxy)pyrimidine (39), 2-(2-
methoxyphenoxy)pyrazing5) , and 2-(4-methoxyphenoxy)pyrazif®6) in various

solvents in capped condition.
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Table 3.10: Fluorescence characteristic of 2-(2-methoxyphenoxy)pyrimidine (37),
2-(4-methoxyphenoxy)pyrimidine (39), 2-(2-methoxyphenoxy)pyrazine
(55), and 2-(4-methoxyphenoxy)pyrazine (56) in various solvents in
capped condition. (Concentration: 4.95 x 10 M)

Compound Solvent Excitation Fluorescence Intensity
wavelength| wavelength
(nm) (nm)
2-(4- ethanol 201 388 61.91
methoxyphenoxy)pyrimiding
(39) acetonitrile 203 323 469.05
tetrahydrofurar 207 380 149.08
2-(2- ethanol 260 312 43.99
methoxyphenoxy)pyrimiding
(37) acetonitrile 201 355 50.97
tetrahydrofurar 203 389 41.57
2-(2- ethanol 214 359 2.70
methoxyphenoxy)pyrazine
(55) acetonitrile 203 361 49.61
tetrahydrofurar 203 381 18.78
2-(4- ethanol 200 377 12.15
methoxyphenoxy)pyrazine
(56) acetonitrile 201 379 31.65
tetrahydrofurar 204 401 37.68

Figure 3.14 and Figure 3.15 show the histogram labréscence intensity

between phenoxypyrimidines and phenoxypyrazingsects/ely.
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Figure3.14: Fluorescence of 2-(4-methoxyphenoxy)pyrimidine (39) and 2-(4-
methoxyphenoxy)pyrazine (56) in ethanol, acetonitrile and
tetrahydrofuran.
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Figure3.15: Fluorescence of 2-(2-methoxyphenoxy)pyrimidine (37) and 2-(2-
methoxyphenoxy)pyrazine (55) in ethanol, acetonitrile and
tetrahydrofuran.

2-(4-Methoxyphenoxy)pyrimiding€39) gave higher fluorescence intensity than

2-(4-methoxyphenoxy)pyrazing56) in ethanol, acetonitrile and tetrahydrofuran
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respectively as shown in Figure 3.14. The sameepattobserved for 2-(2-
methoxyphenoxy)pyrimidin€37) and 2-(2-methoxyphenoxy)pyrazine (55). From
the results obtained, 1, 3 methoxyphenoxydiazimwakves gave a higher fluorescence

intensity than 1, 4 methoxyphenoxydiazine i.e pyrazlerivatives.

The possible explanation for this result might hes do the position of the
nitrogen atoms in the heterocyclic ring as showfkigure 3.16. In pyrimidine, oxygen
atom binds to carbon which @tho to two nitrogen atoms of pyrimidine ring. Since
oxygen is an electron donor, thus it activated lwotho nitrogen atoms of pyrimidine.
On the other hand, in pyrazine, the oxygen is bincarbon which isneta andortho to
nitrogen atoms of pyrazine ring. Thus, the positwdmitrogen atoms in the ring plays

an important factor to be considered in studying flaorescence behavior of organic

compounds.
meta to C
ortho to C
E\N [N\
|
- *. //C\ 3’
N/C\O_ N~ O.
/ o / O
ortho to C ortho to C

Figure 3.16: The position of the nitrogen atomsin compound (37) and (55)

Table 3.10 also shows compouf3®) gave a higher fluorescence intensity than
compound37). The low fluorescence intensity recorded for coomub(37) is possibly
due to interference between the solvent andih® methoxy substituent as shown in
Figure 3.17. This interference can result in thegisthindrance, and such interference

did not occur in compounB9). The steric hindrance created by tr¢ho methoxy

62



group enhanced by the formation of hydrogen bonawth the solvent as shown in

Figure 3.17%®
f— — — PR — /R —
R of
/R 6 O’R H R
d. R S C 0
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N O SN f
R/O\ /7 <_> | > @ :
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R\ ,H . ] ’ \\ |
O e / _0 / /// AN R ’,/H_O\
O’H R™N L H /O\ R
\R \ O\ \H
O- .
R R 0
R

steric hindrance of ortho methoxy group no steric hindrance on

para methoxy group
R= CH3CH2-

Fig
ure3.17: Steric hindrance effect by ortho and para methoxy substituent

Similar observations were recorded for compouf@®$ and (56), except when

acetonitrile was used as the solvent. Differenteolion with acetonitrile was due to

the non-hydrogen bonding character of acetonitrile.

In order to support the previous result on theistaindrance effect, 2ef

tolyloxy)pyrimidine (45) and 2-p-tolyloxy)pyrimidine (51) were synthesized. The

fluorescence characteristics @b) and (51) were as shown in Table 3.11 and Figure
3.18.
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Table3.11: Fluorescence characteristic of 2-(o-tolyloxy)pyrimidine (45) and 2-(p-
tolyloxy)pyrimidine (51) in ethyl acetate and acetonitrile in capped
condition. (concentration: 5.376 x 10 M)
Compound Solvent Excitation Fluorescence Intensity
wavelength| wavelength
(nm) (nm)
2-(o-tolyloxy)pyrimidine Ethyl acetate 210 351 13.51
(45)
acetonitrile 205 389 15.88
2-(p-tolyloxy)pyrimidine Ethyl acetate 200 358 35.31]
(51)
acetonitrile 204 366 29.67
B 2_(o-tolyloxy)pyrimidine (45) H2_(p-tolyloxy)pyrimidine (51)
Ea
acetonitrile
0 10 15 20 25 30 35 40
Fluorescence Intensity

Figure3.18: Fluorescence characteristic of 2-(p-tolyloxy)pyrimidine (51) and 2-(o-
tolyloxy)pyrimidine (45) in ethyl acetate and acetonitrile in capped

condition.

It can be seen from Table 3.11 and Figure 3.18 ¢batpound(51) showed

higher fluorescence intensity than compo(fe) in ethyl acetate and acetonitrile. Thus

the observation is in the agreement with previouslyorded for compound87) and

(39).
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Table 3.12 and Figure 3.19 show fluorescence ctarsiics of 2-p-

methoxyphenoxy)pyrimidine(39) and 2-(nrmethoxyphenoxy)pyrimidine (43)

in

various of solvents. Compour{d@9) showed a higher fluorescence intensity compare to

compound43).

Fluorescence characteristic of 2-(4-methoxyphenoxy)pyrimidine (39)

Table 3.12:
and 2-(3-methoxyphenoxy)pyrimidine (43) in various solvents in
capped condition. (concentration: 4.95 x 10 M)
Compound Solvent Excitation Fluorescence Intensity
wavelength| wavelength
(nm) (nm)
2-(4- Hexane 350 380 95.38
methoxyphenoxy)pyrimiding
(39 Ethanol 201 388 61.91
Acetonitrile 203 323 469.05
Ethyl acetate 204 392 130.11
Tetrahydrofuran 207 380 149.08
2-(3- Hexane 201 359 59.55
methoxyphenoxy)pyrimiding
(43) Ethanol 213 379 15.04
Acetonitrile 204 364 10.39
Ethyl acetate 209 349 28.84
Tetrahydrofuran 202 344 61.83
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¥ 2-(3-methoxyphenoxy)pyrimidine (43) B2_(4-methoxyphenoxy)pyrimidine (39)
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Figure3.19: Fluorescence characteristic of 2-(4-methoxyphenoxy)pyrimidine (39)
and 2-(3-methoxyphenoxy)pyrimidine (43) in various solvents in
capped condition.

It seems that methoxyphenoxypyrimidine witlpaaa substituent gave a higher
fluorescence intensity than witheta substituent. As shown in Figure 3.20, the methoxy
group which is an electron donating at tpara position is more effective at
transferring electron to the pyrimidine ring whichturn increasing its hydrogen-bond
basicity and retention, ijgara methoxy group has more negative value of the Hamme
o-parametéf than does aneta methoxy group. As the result, compou(89) gave

higher fluorescence intensity than compo(4®).

I :] O\
/N (0] /N o)
Qv er

para methoxyl meta methoxyl

Figure3.20: Para position is more effective than meta position in
transferring electron to the pyrimidinering
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Apart from the effectiveness in transferring elestto pyrimidine system, a
resonance electron-donating engenders partial imegaharge at positioortho and
para to itself as shown in Figure 3.21. Thara charge stabilized a positive charge at
the pyrimidine ring° But the resonance effect ofraeta methoxy is very much less
compared tgara position, thusneta methoxy in compoun3) gave low fluorescence

intensity.

o © ®

w1

S}

resonance effect at para position resonance effect at meta position
M-
N

Figure3.21: Resonance effect at para and meta position

O

Table 3.13 and Figure 3.22 show the fluorescencarackeristic of 2-
phenoxypyrimidin-4-amings3) and 2-phenoxypyrimidiné4l) in various of solvents.
2-Phenoxypyrimidin-4-aming(53) shows a higher fluorescence intensity than 2-
phenoxypyrimidine(41) in ethanol, acetonitrile, tetrahydrofuran, hexamal athyl

acetate respectively.
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Table3.13: Fluorescence characteristic of 2-phenoxypyrimidin-4-amine (53)
(5.348 x 10* M) and 2-phenoxypyrimidine (41) (5.814 x 10* M) in
various of solvents.

Compound Solvent Excitation Fluorescence Intensity
wavelength| wavelength
(nm) (nm)

2-phenoxypyrimidine Hexane 340 366 75.41

(41) Ethanol 201 381 16.61

Acetonitrile 205 370 53.75

Ethyl acetate 201 362 59.53

tetrahydrofurar 345 369 111.00

2-phenoxypyrimidin-4- Hexane 203 358 274.44

amine(s3) Ethanol 328 360 916.56

Acetonitrile 212 372 431.18

Ethyl acetate 204 324 830.94

tetrahydrofurarn 226 332 274.35

® 2-phenoxypyrimidin-4-amine (53) ® 2-phenoxypyrimidine (41)
1000
900
£ 800
g 700
= 600
€ 500
S 400
5 300
E 200
100
0
Ethanol acetonitrile  tetrahydrofuran hexane

Figure3.22: Fluorescence characteristic of 2-phenoxypyrimidine (41) and 2-
phenoxypyrimidin-4-amine (53) in various of solvents.

In this study, most of the synthesised compoundsaddiave any substituent on
the diazine ring. However, only compourfd3) has an amino substituent on the

pyrimidine ring. Generally, heterocyclic compoursdelectron-riched compound. The
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presence of amino substituent, which is a verynstrelectron donating group gave a

very significant result in fluorescence intensitycomparison with compour{dl).

Figure 3.22 shows compoun®3) has higher fluorescence intensity than
compound(41). This observation is due to the hyperchromic éffedich leads to an
increase in emission intensity. The introductionaafamino group as auxochrome in

compound53) causes the hyperchromic sHift.

The n—nr* transition of polar compoun(b3) are shifted to longer wavelengths
and generally towards higher intensity with an @se in solvent polarity. The excited
state in this transition is more polar than theugstate. The dipole-dipole interaction
with polar solvent lowers the energy of the exciséate. Thus, there is a bathochromic
shift on-going from hexane (358 nm) to acetonit(B&2 nm) as a result of increasing

solvent polarity as shown in Table 3.13.

High fluorescence intensity which was recorded Zsphenoxypyrimidin-4-
amine(53) as compared to 2-phenoxypyrimidi(#l) is may also due to the effect of
twisted intramolecular charge transfer (TICT)n ground state(53) is believed to be
planar, thus the conjugation between the aminomemd the pyrimidine ring is at a
maximum. This geometry is retained in the exciteates. However, there is also a
special excited state in which the amino groupwssted at a right angle so that
conjugation is totally lost in this TICT state, thahere is total charge separation

between the amino group and the pyrimidine ringhasvn in Figure 3.23.
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Figure3.23: Twisted Intramolecular Charge Transfer (TICT) effect on
compound (53)

The TICT state cannot be reached by direct ligsbgition since its geometry is
totally different from that of ground state. It wBsmed by the ‘slow’ twisting of the
two parts of the molecule from plan@rstate. The TICT state has large dipole moment.
Electrostatic interaction between the molecularodipmoment and polar solvents
stabilize the twisted form and new emission witghhintensity appears which is not

observed in non-polar solvent.
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Table 3.14:

Fluorescence characteristic of 2-(3-methoxyphenoxy)pyrimidine (43)

(4.95 x 10* M) and 2-(3- nitrophenoxy)pyrimidine (49) (4.608 x 10™
M) in various solvents.

Compound Solvent Excitation | Fluorescence Intensity
wavelength | wavelength
(nm) (nm)
2-(3- Hexane 201 359 59.55
methoxyphenoxy)pyrimidine
(43) Ethanol 213 379 15.04
Acetonitrile 204 364 10.39
Ethyl acetate 209 349 16.69
tetrahydrofuran 202 344 61.83
2-(3- nitrophenoxy)pyrimidine Hexane 205 382 6.34
(49)
Ethanol 382 398 8.72
Acetonitrile X X X
Ethyl acetate 208 352 5.73
tetrahydrofuran 205 404 25.41

X = not fluorescent
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Figure3.24: Fluorescence characteristic of 2-(3-methoxyphenoxy)pyrimidine (43)
and 2-(3- nitrophenoxy)pyrimidine (49) in various solvents.

Table 3.14 and Figure 3.24 show fluorescence iitiens2-(3-

methoxyphenoxy)pyrimiding43) and 2-(3-nitrophenoxy)pyrimidine(49) in various

solvents. Compoun@3) showed a high fluorescence intensity in all solsemhilst

compound49) showed low fluorescence intensities in all solgent

In general, substitution with electron-donatingugse induces an increase in the
molar absorption coefficient and shift in both aipsion and fluorescence spectra. The
presence of lone pairs of electrons on the oxygehratrogen atoms does not change
themr — n* nature of the transitions of the parent molecilleese lone pairs are indeed

involved directly int bonding with the aromatic system.

Compound43) gave a high fluorescence intensity which is be&dto be due to
the hyperchromic shif® The introduction of the auxochromé$,i.e methoxy group,
leads to an increase in intensity. Other than, tm&thoxy group which is an electron

donating group observed enhances the electrontgesfsthe aromatic system hence,
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high intensity is observed. Low fluorescence iniigneas observed with compound
(49) is due to hypochromic effect. The presence of @ongroup, an electron
withdrawing in compound49) distorted the chromophore by forcing the rings ot

coplanarity resulting in the loss of conjugation.

Table 3.15 and Figure 3.25 show fluorescence ctarsiic of compound35),
(37), (45) and(47) in various solvents. Compoui(d7) showed the highest fluorescence
intensity followed by compound47) and compound(45) showed the lowest
fluorescence intensity. The entire compounds showd pattern in ethanol,

acetonitrile and ethyl acetate.

Table3.15: Fluorescence characteristic of 2-chloropyrimidine (35) (8.772 x 10 M),
2-(o-tolyloxy)pyrimidine  (44) (53763 x 10* M), 2-(2-
methoxyphenoxy)pyrimidine (46) (4.95 x 10* M), and 2-(pyrimidin-2-
yloxy)phenol (48) (5.3191 x 10* M) in various solvents.

Compound Solvent Excitation Fluorescence Intensity
wavelength wavelength
(nm) (nm)
2-chloropyrimiding(35) Hexane 204 327 103.58
Ethanol 205 370 460.5(
Acetonitrile 225 363 587.71
Ethyl acetate 206 370 460.50
tetrahydrofuran 203 364 29.43
2-(2- Hexane 326 358 79.94
methoxyphenoxy)pyrimidine Ethanol 260 312 43.99
(37) Acetonitrile 201 316 75.67
Ethyl acetate 210 327 7.96
tetrahydrofuran 203 340 75.37
2-(o-tolyloxy)pyrimidine Hexane 324 361 66.52
(45) Ethanol 207 328 12.70
Acetonitrile 205 318 32.98
Ethyl acetate 210 313 31.81
tetrahydrofuran 202 331 124.93
2-(pyrimidin-2-yloxy)phenol| Hexane 201 359 92.87
47 Ethanol 200 352 29.00
Acetonitrile 202 357 96.78
Ethyl acetate 201 322 191.8)7
tetrahydrofuran 208 349 70.26
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Figure3.25: Fluorescence characteristic of 2-(2- methoxyphenoxy)pyrimidine
(37), 2-(o-tolyloxy)pyrimidine (45), and 2-(pyrimidin-2-yloxy)phenol
(47) in various solvents.
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Figure3.26: Bathochromic shift between 2-chloropyrimidine (35) (8.772 x 10™ M)
and 2-(o-tolyloxy)pyrimidine (45) (5.3763 x 10* M) in hexane.
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Figure 3.26 showed a bathochromic shift occurrewéen 2-chloropyrimidine
(35) and 2-(tolyloxy)pyrimidine(45). This is due to the presence of an auxochrome
which generally increases the value of excitatigrektending the conjugation through

resonance. This phenomena is also called ‘colouareing groups®°

The combination of chromophore and auxochrome somstbehaves as a new
chromophore having different values of emission imaxn. Table 3.15 show&5) in
hexane shows emission wavelength at 327 nm whemapoundg37), (45), and(47)
show emissions wavelengths of 361 nm, 358 nm afdnB® respectively. The shift of
emission wavelength to a longer wavelength is due tbathochromic shiff The
increase in the wavelengths proves that -QCI@OH and -CH substituents each as
auxochrome which extends the conjugation, hencaltieg in the increase values of

emission wavelength.

This finding is supported by the work of Kiss, Matrand Sandorfy, who have
pointed out that the magnitude of the shift in thesorption bands produced by
methoxy, hydroxyl and methyl substituents may datesl with the degree of

conjugation of these groups.

The effects of auxochrome on the fluorescence esimthesised compound are
listed in Table 3.15. There are exceptions to thlde since a number of other factors
must be considered. For example, molecules whielalle to rotate, bend or twist have
a tendency to lose energy from the excited statmugfih molecular collision and other
vibration processes. It is not possible to compseterules for determining whether a

molecule will fluoresce, as there are many anormdbébe considered.
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Table 3.16 shows the fluorescence characteristicoafpound(37), (41), (55)
and(56) with time in THF. The measurements were taken idiately, 30 minutes and

60 minutes.

Table3.16: Fluorescence characteristic of selected diazine derivatives with time

in THF
Compound Duration Excitation Fluorescence Intensity
Wavelength| Wavelenghth
(nm) (nm)

2-(2- Immediately 310 359 49.91

methoxyphenoxy)pyrimidine 30 358 25 21
(37)

60 358 41.24

2-(2- Immediately 316 437 75.84

methoxyphenoxy)pyrazin 30 237 736
(55)

60 436 71.46

2-(4- Immediately 325 452 67.04

methoxyphenoxy)pyrazin 30 250 63.01
(56)

60 451 58.82

2-phenoxypyrimiding41) | Immediately 389 438 20.81

30 439 20.28

60 439 19.46

The study on the possible delayed fluorescencecamaiged out by measuring the
fluorescence characteristic of the selected comg®uim capped condition with time.
Four compounds i.e compound87), (41), (55), and (56) were selected. The
fluorescence measurements of these compounds weredcout immediately, after 30

minutes and after 60 minutes respectively as showiable 3.16

2-(2-Methoxyphenoxy)pyrimidin€37) and2-(4-methoxyphenoxy)pyrazin@6)

showed a decrease in fluorescence intensity witte tas shown in Figure 3.27 and
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Figure 3.28. Similar pattern was observed with gounds(41) and(55) as shown in

Figures 3.29 and 3.30.
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Figure3.27:  Fluorescence spectra of 2-(2-methoxyphenoxy)pyrimidine (37) in
different timein tetrahydrofuran (4.9505 x 10* M)
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Figure3.28: Fluorescence spectra of 2-(4-methoxyphenoxy)pyrazine (56) in
different timein tetrahydrofuran (4.9505 x 10* M)
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Figure3.29: Fluorescence spectra of 2-(2-methoxyphenoxy)pyrazine (55) in
different timein tetrahydrofuran (4.9505x 10*M)
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Figure 3.30: Fluorescence spectra of 2-phenoxypyrimidine (41) in different time
in tetrahydrofuran (3.8314 x 10 M)
In liquid solutions, quenching of excited-singléates of organic molecules by
dissolved @ molecule has a very large diffusion co-efficieAs the solution was
allowed to stand for 30 and 60 minutes, more oxygetered in the solution and

guenched the fluorescence further.
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In this study, it is possible that ‘chemical’ qubeimg also occurred through the
formation of a complex between solute and oxygemddd atmospheric pressure, the

concentration of oxygen in most solvents i& £010* mol L™*.®

Another possible explanation for the reduction lobfescence intensity with
time is the formation of a complex between oxyged the ground state of the organic
compound as the solution was allowed to stand foertain period of time. When the
emission process happened, the oxygen complex mhgnee $§ — & internal
conversion hence quenched the fluorescence ingensitables 3.17, 3.18 and 3.19
show fluorescence characteristics of 2-(pyrimidigk@xy)phenol 47, 2-
phenoxypyrimidine (41) and 2-(4-methoxyphenoxy)pyrimidin€39) with different

concentrations.

Table3.17: Fluorescence characteristic of 2-(pyrimidin-2-yloxy)phenol (47) in
different concentrations

Solvent| Excitation wavelength Fluorescence Intensity
(nm) wavelength (nm)
10°M | 10°M | 10°M | 10°M [ 10°M | 10°M | 10°M | 10°M | 10° M

Hexane 201 202 X 360 349 X 91.63 | 162.78§ X

EtOH 200 X X 352 X X 24.42 X X
CH:CN 202 202 X 356 356 X 91.73 25.14 X
EtOAC 201 201 201 377 381 X 182.77| 43.37 X

THF 208 208 208 348 353 367 69.30 34.43 17|53

Concentration = 5.3191 x T, where 16 M = 10° M, 10° M, 10* M
X = non-fluorescent
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Table 3.18: Fluorescence characteristic of 2-phenoxypyrimidine (41) in different
concentrations

Solvent| Excitation wavelength | Fluorescence wavelength Intensity
(nm) (nm)
10°M | 10°M | 10°M | 10°M | 10°M | 10°M | 104 | 10°M | 10°M
M

Hexane| 340 X X 366 X X 75.41 X X

EtOH 201 201 201 381 374 358 16.61 31.66 67/07
CH;CN | 205 204 205 370 362 354 53.75 35.07 30,88
EtOAc | 201 201 203 362 362 375 59.53 32.29 11}68

THF 345 344 345 369 353 X 111.00| 77.07 X

Concentration = 3.8314 x T, where 16 M = 10° M, 10° M, 10* M
X = non-fluorescent

Table3.19: Fluorescence characteristic of 2-(4-methoxyphenoxy)pyrimidine (39)
in different concentrations
Solvent| Excitation wavelength Fluorescence Intensity
(nm) wavelength (nm)
10°M | 10°M | 10°M | 10°M | 10°M | 10°M | 10°M | 10°M | 10° M
Hexane 350 X X 380 X X 95.38 X X
EtOH 201 202 201 388 381 X 61.91 | 35.00 X
CH;CN 203 202 203 323 318 313 469.05 21377 69
EtOAC 204 204 X 392 384 X 130.11| 41.31 X
THF 207 X X 380 X X 149.08 X X

Concentration = 4.9505 x T, where 166 M = 10° M, 10° M, 10* M
X = non-fluorescent

Figure 3.31, 3.32 and 3.33 show fluorescence spedtcompound$39), (41)

and(47) at different concentrations.
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Figure 3.31: Fluorescence spectra of 2-(4-methoxyphenoxy)pyrimidine (39) in

different concentration in acetonitrile
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Figure 3.32: Fluorescence spectra of 2-phenoxypyrimidine (41) in different

concentration in acetonitrile
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Figure 3.33: Fluorescence spectra of 2-(pyrimidin-2-yloxy)phenol (47) in different
concentration in tetrahydrofuran
It has been reported that the fluorescence intemdia given solute increases
linearly with increasing concentration at relativdlow concentration. At higher
concentrations the fluorescence intensity reachdichiing value and even decrease
with further increase in concentration. Severalcpeses are responsible for these
“concentration-quenching” effects. This is beliewgdat happens to compoun(i9),

(41) and(47) as shown in Figure 3.31, Figure 3.32 and Figur8.3.3

At higher concentrations, the fluorescence intgnsi all compounds may
reached a limiting value and resulted in conceatnaguenching which decreased with

further increases in concentration.

This is because the low-frequency tail of the abon spectrum of the
compounds often overlaps with the high-frequencg ehits fluorescence spectrum,
thus fluorescence from electronic excited stateecwde can be re-absorbed by a
ground-state molecule of the same solute. The pilityaof such an event increases

with increasing of solute concentration. “Self-atpsion” distorted the shape of the
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fluorescence spectrum, since only the higher freqes in the spectrum are re-

absorbed. Self-absorption ultimately reduced theréscence intensity.

The change of pH also affects the fluorescencengitle of the compounds
studied. Selected data on fluorescence maxima raedsity with pH of the selected
compounds are as summarized in Table 3.20 while ¢spectra in ethanol are shown in

Figure 3.34 and Figure 3.35.

Table 3.20: Fluorescence characteristic of 2-phenoxypyrimidine (41) and 2-(3-
methoxyphenoxy)pyrimidine (43) with variation of pH in ethanol

Compound pH Excitation Fluorescence Intensity
wavelength| wavelength
(nm) (nm)
2-phenoxypyrimiding41) 2 264 346 16.67
3 206 355 67.29
7 206 362 108.18
11 201 360 129.34
12 201 365 192.43
2-(3- 2 201 365 130.32
methoxyphenoxy)pyrimidine
(43) 3 202 365 137.58
7 202 363 170.88
11 201 381 237.91
12 202 365 365.48
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Figure3.34: Fluorescence spectra of 2-(3-methoxyphenoxy)pyrimidine (43) with
variation of pH in ethanol
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Figure 3.35: Fluorescence spectra of 2-phenoxypyrimidine (41) with variation of
pH in ethanol
The fluorescence spectra for 2-phenoxypyrimidindl) and 2-(3-
methoxyphenoxy)pyrimiding¢43) were measured in ethanol under neutral, acidic (O
M HCI) and basic (0.1 M NaOH) conditions. Table Bghows that the fluorescence
intensity increases with increases pH. The lowriigoence intensity observed in acidic

medium is probably due to protonation of the commuburhe protonated compound
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shows lower fluorescence intensity because it ve®the transferring of electron to the

phenoxy ring as shown in Figure 3.36 and Figur&.3.3
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Figure 3.36: The electron transfer to the ring phenoxy of 2-(3-
methoxyphenoxy)pyrimidine (43)
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Figure 3.37: The electron transfer to the ring phenoxy of 2-phenoxypyrimidine
(41)

As a result, the fluorescence intensity is conghjetquenched. The
corresponding electrons phenomena created a ngugatad system which resulting in

non-fluorescent compounds.
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CHAPTER 4: CONCLUSION

The objective of this study is to synthesize series of phenoxy derivatives of
pyrimidine and pyrazine which then followed by the study of fluorescence characteristic
of the synthesized compounds were successful. The NMR, IR and GC-MS anaysis
were carried out to confirm the structure of the synthesised compounds. Fluorescence
studies shows a complete change in the intensity with a change of solvent, e.g.

acetonitrile, ethanol, tetrahydrofuran, hexane and ethyl acetate.

2-Phenoxypyrimidin-4-amine  (53) shows higher intensity than 2-
phenoxypyrimidine (41). The higher intensity observed was due to the presence of
electron donating group on the pyrimidine ring. In the case of 2-(2-
methoxyphenoxy)pyrimidine (37) and 2-(4-methoxyphenoxy)pyrimidine (39), the
fluorescence peak in compound (37) is lower than compound (39). The steric hindrance
effect in compound (37) is believed to be the reason of the low fluorescence intensity

recorded.

While in case of concentration, the fluorescence intensity found to be increased
with increasing concentration at 10* M. Studies in various pH shows that 2-
phenoxypyrimidine (41) and 2-(3-methoxyphenoxy)pyrimidine (43) fluoresced at
lower intensity in acid condition and fluoresced at higher intensity in neutral and basic

condition.
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CHAPTER &: EXPERIMENTAL PROCEDURES

5.1 Introduction to experimental

All solvents used are AR Gred and were redistiliedore use. Formation of
compounds was routinely checked by Thin Layer Clatmgraphy (TLC) on
aluminium sheets, silica gel 6Qs Melting points were determined in an open capilar

tube with electrothermal Melting point Apparatuslavere not corrected.

Infrared spectra were recorded using Perkin EIB883 Infrared Spectrometer
and FTIR Perkin Elmer 1600 Series in KBr for satimimpounds and neat for liquid

compounds.

The 'H and **C NMR spectra were recorded in CRGIn JEOL FT-NMR
Lambda 400MHz and FT-NMR ECA 400 MHz spectromefdiass spectra were
recorded with GC-MS Hewlett-Packard HP 6890 sew#h mass selective indicator

and GCMS QP5050A Shimadzu.

Fluorescence spectra were recorded by Luminesc@meetrophotometer Perkin
Elmer Model LS 50B and quartz cell were used. Adirting materials were obtained

from Sigma-Aldrich and Merck.
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5.2 Preparation of pyrimidine and pyrazine derivatives
5.2.1 Pyrimidinederivatives

5.2.1.1 Preparation of 2-(2-methoxyphenoxy)pyrimidine (37)

o-Methoxyphenol36) (2.3 mL, 0.02 moles) was added to sodium hydropieléet (0.8

g, 0.02 moles) in minimum volume of water (5 mLhelmixture was heated until a dry
solid was formed. 2-Chloropyrimidin85) (2.28 g, 0.02 moles) in THF (5mL) was then
added to the dry white solid and refluxed for 5 tsod’he mixture was cooled to room
temperature and the solvent was removed. Watem({l)0was added to the reaction
mixture followed by extraction with chloroform (3 20 mL). The organic layer was
washed twice with water (2 x 10 mL) and dried oemhydrous sodium sulphate.
Filtration, evaporation of the organic layer andrification of the residue using
chloroform gave the product.

M.p. 120-122 °C, (2.4 g, 60 %), IRyax. cm™): 1569 (C=N), 1498 and 1404 (aromatic
C=C), 1302 and 1023 (C-O)4 NMR &y. 8.54 (2H, d,J= 4.88 Hz, H-6, H-4),7.22
(2H, m, H-5), 7.01 (3H, m, H-3", H-4', H-5', H-6'),3.74 (3H, s, Ch); °C NMR &c¢:
165.2 (C-2), 159.5 (C-4, C-6), 151.5 (C-1), 141B2’), 126.5 (C-5), 122.7 (C-3),
121.0 (C-4’), 115.9 (C-5), 112.7 (C-6'), 55.8 (OQHMS: M" found =202.00;

C11H10N205 requires M = 202.07.
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5212 Preparation of 2-(p-methoxyphenoxy)pyrimidine
(39)

p-Methoxyphenol(38) (1.49 g, 0.012 moles) was added to sodium hydeoxiellet
(0.67 g, 0.012 moles) in minimum volume of waterng®). The mixture was heated
until a dry solid was formed. 2-Chloropyrimidir§gd5) (1.37 g, 0.012 moles) in THF
(5mL) was then added to the dry white solid antuxefd for 5 hours. The mixture was
cooled to room temperature and the solvent was vechoWater (10 mL) and 5%
sodium hydroxide solution (5 mL) was added to tkaction mixture followed by
extraction with chloroform (3 x 10 mL). The orgamayer was washed twice with water
(2 x 10 mL) and dried over anhydrous sodium sukphBgtltration and evaporation of
chloroform and recrystallization gave the product.

M.p. 50-52 °C, (1.2 g, 50 %), IRfax, cm™): 1568 (C=N), 1509 and 1404 (aromatic
C=C), 1308 and 1030 (C-O}4-NMR &,:. 8.56 (2H, dJ= 4.64 Hz, H-4, H-6), 7.14 (2H,
d, J= 9.28, H-2", H-6"), 7.01 (2H, tJ= 4.88, H-5), 6.96 (2H, dI=9.28, H-3’, H-5');°C
NMR &c C: 165.8 (C-2), 159.7 (C-4, C-6), 157.0 (C-1), BIGC-4"), 122.5 (C-5),
116.0 (C-6', C-2)), 114.7 (C-5, C-3), 55.6 (OGH MS: M' found =202.00;

C11H10N205 requires M = 202.07.
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5213 Preparation of 2-phenoxypyrimidine (41)

Phenol(40) (1.04 mL, 0.0096 moles) was added to sodium hydeopellet (0.384 g,
0.0096 moles) in minimum volume of water (5 mL).eTiixture was heated until a dry
solid was formed. 2-Chloropyrimidin@5) (1.49 g, 0.0096 moles) in THF (5mL) was
then added to the dry white solid and refluxedSdrours. The mixture was cooled to
room temperature and the solvent was removed. WatermL) was added to the
reaction mixture followed by extraction with chléwan (3 x 10 mL). The organic layer
was washed twice with water (2 x 10 mL) and driedrcanhydrous sodium sulphate.
Filtration and evaporation of chloroform gave thmeduct.

M.p. 88-99 °C, (0.8 g, 50 %), IRfax, cm™): 1576 (C=N), 1492 and 1404 (aromatic
C=C), 1302 and 1023 (C-O}4 NMR &y. 8.55 (2H, d,J)= 4.88 Hz, H-4, H-6), 7.42 (2H,
t, J= 6.6 Hz, H-3’, H-5), 7.23 (2H, dJ= 5.84 Hz, H-2’, H-6"),7.18 (1H, dJ= 7.6 Hz,
H-4%), 7.01 (1H, t, J= 4.88 Hz, H-55°C NMR §¢:165.4 (C-2), 159.7 (C-4, C-6), 152.8
(C-1'), 129.6 (C-5), 125.5 (C-2', C-6), 121.6 (C-8B-5'), 116.1 (C-4’); MS: M found

=172.00; GoHsNO requires M = 172.06.
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5214 Preparation of 2-(3-methoxyphenoxy)pyrimidine
(43)

m-Methoxyphenol(37) (2.2 mL, 0.02 moles) was added to sodium hydroxidiet
(0.8 g, 0.02 moles) in minimum volume of water (&)mrhe mixture was heated until
a dry solid was formed. 2-Chloropyrimidif@bs) (1.8 g, 0.02 moles) in THF (5mL) was
then added to the dry white solid and refluxedSdrours. The mixture was cooled to
room temperature and the solvent was removed. WatermL) was added to the
reaction mixture followed by extraction with chléwan (3 x 10 mL). The organic layer
was washed twice with water (2 x 10 mL) and driedrcanhydrous sodium sulphate.
Filtration and evaporation of chloroform and purtiion gave the product.

M.p. 78-80 °C, (1.45 g, 36 %), IRifax, cm™): 1571 (C=N), 1483 and 1398 (aromatic
C=C), 1279 and 1035 (C-OJH NMR &y. 8.57 (2H, dJ= 4.64 Hz, H-4, H-6),7.33
(1H, t, J= 8.28 Hz, H-5),7.04 (1H, tJ= 4.64 Hz, H-2"),6.78 (3H, m, , H-4’, H-5’, H-
6'), 3.81 (3H, s, -OCH); °C NMR 8¢ : 165.3 (C-2), 160.7 (C-1'), 159.7 (C-3'), 153.9
(C-4), 130.0 (C-6), 116.2 (C-5), 113.8 (C-2"), 131C-4"), 107.7 (C-5'), 100.5 (C-6"),

55.4 (CH); MS: M" found =202.00; gH1oN,O, requires M = 202.07.
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5215 Preparation of 2-(o-tolyloxy)pyrimidine (45)

0-Cresol(44) (2.16 mL, 0.02 moles) was added to sodium hydexiellet (0.8 g, 0.02
moles) in minimum volume of water (5 mL). The misduvas heated until a dry solid
was formed. 2-Chloropyrimidin€35) (2.28 g, 0.02 moles) in THF (5mL) was then
added to the dry white solid and refluxed for 5 tsod’he mixture was cooled to room
temperature and the solvent was removed. Watem(l)0was added to the reaction
mixture followed by extraction with chloroform (3 20 mL). The organic layer was
washed twice with water (2 x 10 mL) and dried oemhydrous sodium sulphate.
Filtration and evaporation of chloroform gave tmeduct.

M.p. 77-78 °C, (1.5 g, 40 %), IRifax, cm™): 1572 (C=N), 1489 and 1400 (aromatic
C=C), 1303 and 1041 (C-OY4 NMR &y. 8.56 (2H, d,J= 4.88 Hz, C(4)-H, C(6)-H),
7.30 (2H, t,J= 7.32 Hz, C(3))-H, C(6')-H), 7.19 (1H, t,J= 6.12 Hz, C(4’)-H), 7.12
(1H, d, 7.80, C(5)-H), 7.01 (1H, t, J= 4.64 Hz,55H); °C NMR &¢ :165.1 (C-2),
159.7 (C-4/C-6), 151.3 (C-1'), 131.3 (C-2'), 13q®-3’), 127.1 (C-5), 125.8 (C-4"),
121.8 (C-6’), 115.8 (C-5), 16.2 (-GH MS: M" found =186.00; GH1oN,Orequires M

= 186.08.
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5216 Preparation of 2-(pyrimidin-2-yloxy)phenol (47)

1, 2-Dihydroxybenzen@6) (12 g, 0.108 moles) was added to sodium hydrogpalket
(0.384 g, 0.04 moles) in minimum volume of waterng®). The mixture was heated
until a dry solid was formed. 2-Chloropyrimidif@s) (2 g, 0.018 moles) in THF (5mL)
was then added to the dry white solid and reflufoed hours. The mixture was cooled
to room temperature and the solvent was removedeM (&0 mL) was added to the
reaction mixture followed by extraction with chléwan (3 x 10 mL). The organic layer
was washed twice with water (2 x 10 mL) and driedrcanhydrous sodium sulphate.
Filtration and evaporation of chloroform gave thmeduct.

M.p. 165-167 °C, (0.84 g, 25 %), IRnfax, cmil): 3297 (OH), 1575 (C=N), 1492 and
1409 (aromatic C=C), 1285 and 1223 (C-8);NMR &. 9.55 (1H, s, O-H)8.58 (2H,
d, J= 5.36 Hz, H-4, H-6),7.19 (1H, tJ= 4.16 Hz, H-5),7.05 (2H, tJ= 7.06 Hz,, H-3’,
H-6"), 6.92 (1H, tJ= 6.32 Hz, H-4"), 6.80 (1H, 1}=5.88 Hz, H-5);*C NMR é¢: 164.8
(C-2), 160.0 (C-1', C-2’), 149.4 (C-4), 140.8 (C-826.3 (C-5), 123.1 (C-3), 119.6
(C-4), 117.1 (C-5), 116.7 (C-6") ; MS: KMfound =188.00; @HsN,O, requires M =

188.06.
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5.2.1.7 Preparation of 2-(3-nitrophenoxy)pyrimidine (49)

m:Nitrophenol (48) (1.04 ml, 0.0096 moles) was added to sodium hydeoyellet
(0.384 g, 0.0096 moles) in minimum volume of wgtemL). The mixture was heated
until a dry solid was formed. 2-Chloropyrimidir§gs) (1.49 g, 0.0096 moles) in THF
(5mL) was then added to the dry white solid antuxefd for 5 hours. The mixture was
cooled to room temperature and the solvent was vechdNater (10 mL) was added to
the reaction mixture followed by extraction withlatoform (3 x 10 mL). The organic
layer was washed twice with water (2 x 10 mL) amgkdl over anhydrous sodium
sulphate. Filtration, evaporation of chloroform ardrystallization gave the product.
M.p. 100-103 °C, (0.8 g, 39 %), IR{ax cm™): 1578 (C=N), 1525 and 1400 (aromatic
C=C), 1353 (N=0), 1300 and 1075 (C-® NMR . 8.54 (2H, dJ= 4.88 Hz, H-4,
H-6), 8.05(2H, m, H-2', H-4’), 7.55 (2H, m, H-5’, H-6'),7.07 (1H, tJ= 4.88 Hz, H-
5): °C NMR ¢ : 164.6 (C-2), 159.9 (C-4, C-5, C-6) 153.0 (C-1'30.2 (C-3'), 128.1
(C-2'), 120.3 (C-5'), 117.4 (C-6'), 117.1 (C-4); M M' found =217.00 ; GH:N3O3

requires M = 217.05.
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5.2.1.8 Preparation of 2-(p-tolyloxy)pyrimidine (51)

p-Cresol(50) (2.00 mL, 0.02 moles) was added to sodium hydexiellet (0.8 g, 0.02
moles) in minimum volume of water (5 mL). The misduvas heated until a dry solid
was formed. 2-Chloropyrimidin€35) (2.28 g, 0.02 moles) in THF (5mL) was then
added to the dry white solid and refluxed for 5 tsod’he mixture was cooled to room
temperature and the solvent was removed. Watem([l)0was added to the reaction
mixture followed by extraction with chloroform (3 20 mL). The organic layer was
washed twice with water (2 x 10 mL) and dried oemhydrous sodium sulphate.
Filtration and evaporation of chloroform gave tmeduct.

M.p. 65-68 °C, (1.2 g, 33 %), IRifax, cm™): 1576 (C=N), 1509 and 1414 (aromatic
C=C), 1300 and 1022 (C-OJH NMR &y. 8.58 (2H, dJ= 4.88 Hz, H-4, H-6),7.28
(2H, d,J= 8.76 Hz, H-2',H-6"), 7.12 (2H, d,J= 8.56 Hz, H-3’, H-5’), 7.03 (1H, t,J=
4.64 Hz, H-5)°C NMR éc: 165.6 (C-2), 159.7 (C-4, C-6), 150.6 (C-1’), 1B%C-4"),
130.2 (C-2’, C-6'), 121.3 (C-3’, C-4"), 115.9 (C5$)0.9 (CH); MS: M* found =186.00;

C11H10N-Orequires M = 186.00
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5219 Preparation of 2-phenoxypyrimidin-4-amine (53)

Phenol(40) (0.94 mL, 0.01 moles) was added to sodium hydexidllet (0.4 g, 0.01
moles) in minimum volume of water (5 mL). The misduwvas heated until a dry solid
was formed. 4-amino-2-chloropyrimidine (1.6 g, Obles) in THF (5mL) was then
added to the dry white solid and refluxed for 5 tsod’he mixture was cooled to room
temperature and the solvent was removed. Watem(l)0was added to the reaction
mixture followed by extraction with chloroform (3 20 mL). The organic layer was
washed twice with water (2 x 10 mL) and dried oemhydrous sodium sulphate.
Filtration and evaporation of chloroform gave theduct. Recrystallization gave pure
product.

M.p. 131-134 °C, (0.88 g, 47 %), IR cmY): 3130 (NH), 1590 (C=N), 1482 and
1375 (aromatic C=C), 1294 and 1022 (C-O); 1H-NBIR8.02 (1H, dJ= 5.64 Hz, H-
6), 7.38 (2H, t)= 8.28 Hz, H-3', H-5'),7.17 (3H, m, H-2", H-4’, H-6"),6.14 (1H, d )=
5.64 Hz, H-5), 4.95 (2H, s, -N§j 3C NMR 8¢ : 165.4 (C-2), 165.0 (C-4), 157.8 (C-6),
153.0 (C-1'), 129.6 (C-5), 129.4 (C-2’), 125.0 (§;321.8 (C-4’), 115.3 (C-5"), 100.3

(C-6"); GCMS: M found =187.00; gHsN3O requires M = 187.07.

96



522 Pyrazine derivatives

5221 Preparation of 2-(2-methoxyphenoxy)pyrazine (55)

o-Methoxyphenok36) (5.6 mL, 0.045 moles) was added to potassium kydeopellet
(2.5 g, 0.045 moles) in minimum volume of waten{k). The mixture was heated until
a dry solid was formed. 2-Chloropyrazi(®) (4 mL, 0.045 moles) in THF (5mL) was
then added to the dry white solid and refluxedSdrours. The mixture was cooled to
room temperature and the solvent was removed. WafemL) and was added to the
reaction mixture followed by extraction with chléwan (3 x 10 mL). The organic layer
was washed twice with water (2 x 10 mL) and driedrcanhydrous sodium sulphate.
Filtration and evaporation of chloroform gave thmeduct.

M.p. 79-80 °C, (3.7 g, 41 %), IRifax, cm™): 1580 (C=N), 1500 and 1405 (aromatic
C=C), 1279 and 1007 (C-O}H NMR &y. 8.43 (1H, s, H-3),8.22 (1H, s, H-5),8.06
(1H, s, H-6), 7.2%1H, d,J= 8.08 Hz, H-6"), 7.16 (1H, d, J= 6.6 Hz, H-2)03.(2H, t,
J= 8.28 Hz, H-3", H-4);**C NMR §¢: 160.1 (C-2), 151.5 (C-1'), 141.5 (C-2"), 141.0
(C-3), 138.1 (C-5), 135.2 (C-6), 126.7 (C-4"), 122C-6"), 121.1 (C-5'), 112.8 (C-3)),

55.7 (-OCH) ; MS: M" found =202.00; gH10N,O, requires M = 202.07.
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5222 Preparation of 2-(4-methoxyphenoxy)pyrazine (56)

p-Methoxyphenol(38) (5.6 g, 0.045 moles) was added to potassium hydieogellet
(2.5 g, 0.045 moles) in minimum volume of watemn{k). The mixture was heated until
a dry solid was formed. 2-chloropyrazi®) (4 mL, 0.045 moles) in THF (5mL) was
then added to the dry white solid and refluxedSdrours. The mixture was cooled to
room temperature and the solvent was removed wadbero. Water (10 mL) was added
to the reaction mixture followed by extraction withloroform (3 x 10 mL). The
organic layer was washed twice with water (2 x 10) rand dried over anhydrous
sodium sulphate. Filtration and evaporation of miflarm gave the product.

M.p. 80-82 °C, (3.8 g, 42 %), IRfax, cm™): 1584 (C=N), 1506 and 1408 (aromatic
C=C), 1288 and 1005 (C-O}4 NMR §,. 8.40 (1H, s, H-5),8.23 (1H, dJ= 2.68 Hz,
H-6), 8.09 (1H, ddJ= 1.48 Hz, H-3),7.10 (2H, dJ= 10.48 Hz, H-2', H-6"), 6.97 (2H,
d, J= 6.8 Hz, H-3", H-5');13C NMR &¢: 160.6 (C-2), 157.0 (C-1'), 146.2 (C-4"), 141.0
(C-3), 138.1 (C-5), 135.7 (C-6), 122.3 (C-6', C;21)1L4.8 (C-5’, C-3'), 55.6 (CH); MS:

M™ found =202.00; GH10N,O, requires M = 202.07.
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5.3 Fluorescence M easur ements

All solvents (ethanol, tetrahydrofuran, ethyl atetehexane and acetonitrile)

were purged with nitrogen gas before use.

5.3.1 Fluorescence measurement of pyrimidine and pyrazine

derivatives

The fluorescence spectra of all the compoundseiudere measured in various
solvents. Samples were prepared from stock solutl¥f M) of the corresponding
compound in tetrahydrofuran (THF), acetonitrile @CH), ethyl acetate (EtOAc),

ethanol (EtOH) and hexane to give concentratidrifd M and 1¢° M

2-(2-M ethoxyphenoxy)pyrimidine (37),

2-(2-Methoxyphenoxy)pyrimiding37) (1.0 mg) was dissolved in solvents (10 ml)
Concentration = 4.9505 X TM, where 1= 10, 10° and 1

Excitation and emission slits =5

Fluorescence
Compound | Excitation 10* M 10° M 10°M
Emission Intensity Emission Intensity Emission Intensity
Hexane 326 358 79.94 X X X X
Ethanol 260 312 43.99 X X X X
Acetonitrile 201 355 50.97 347 48.25 X X
Ethyl acetate 210 329 6.51 X X X X
THF 203 389 41.57 X X X X

X = non-fluorescent
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2-(4-M ethoxyphenoxy)pyrimidine (39)

2-(4-Methoxyphenoxy)pyrimidiné39) (1.0 mg) was dissolved in solvents (10 mL)

Concentration = 4.9505 X ToM, where 16= 10* 10° and 1¢

Excitation and emission slits =5

Fluorescence
Compound | Excitation 10* M 10° M 10°M
Emission Intensity Emission Intensity Emission Intensity
Hexane 350 380 95.38 X X X X
Ethanol 201 388 61.91 381 35.00 X X
Acetonitrile 203 323 469.05 318 213.77 313 69.30
Ethyl acetate 204 392 130.11 384 41.31 X X
THF 207 380 149.08 X X X X
X = non-fluorescent
2-Phenoxypyrimidine (41)
2-Phenoxypyrimiding¢41) (1.0 mg) was dissolved in solvents (10 mL)
Concentration = 5.814 X M, where 16= 10*, 10° and 1¢
Excitation and emission slits =5
Fluorescence
Compound | Excitation 10* M 10° M 10°M
Emission Intensity Emission Intensity Emission Intensity
hexane 340 366 75.41 X X X X
ethanol 201 381 16.61 374 31.66 358 67.07
acetonitrile 205 370 53.75 362 35.07 354 30.88
Ethyl acetate 201 362 59.53 362 32.29 375 11.68
THF 345 369 111.00 353 77.07 X X

X = non-fluorescent
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2-(3-M ethoxyphenoxy)pyrimidine (43)

2-(3-Methoxyphenoxy)pyrimidiné43) (1.0 mg) was dissolved in solvents (10 mL)

Concentration = 4.9505 X ToM, where 16= 10* 10° and 1¢

Excitation and emission slits =5

Fluorescence
Compound Excitation 10*M 10° M 10°M
Emission Intensity Emission Intensity Emission irsigy
Hexane 201 359 59.55 356 67.22 X X
Ethanol 213 379 15.04 373 8.06 X X
Acetonitrile 204 364 10.39 385 12.29 374 20.80
Ethyl acetate 209 349 28.84 X X X X
THF 202 344 61.83 372 68.62 X X
X = non-fluorescent
2-(o-Tolyloxy)pyrimidine (45)
2-(0-Tolyloxy)pyrimidine (45) (1.0 mg) was dissolved in solvents (10 mL)
Concentration = 5.3763 X ToM, where 16= 10%, 10° and 1&
Excitation and emission slits = 5
Fluorescence
Compound Excitation 10° M 10° M 10°M
Emission Intensity Emission Intensity Emission irsigy
Hexane 324 362 66.52 355 69.08 X X
Ethanol 207 354 9.79 361 44.37 X X
Acetonitrile 205 389 15.88 378 45.16 375 39.36
Ethyl acetate 210 351 13.51 X X X X
THF 202 330 122.01 X X X X

X = non-fluorescent
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2-(Pyrimidin-2-yloxy)phenol (47)

2-(pyrimidin-2-yloxy)pheno(47) (1.0 mg) was dissolved in solvents (10 mL)

Concentration = 5.3191 X ToM, where 16= 10* 10° and 1¢

Excitation and emission slits =5

Fluorescence
Compound Excitation 10*M 10° M 10°M
Emission Intensity Emission Intensity Emission Intensity
Hexane 201 360 91.63 349 162.78 X X
Ethanol 200 352 24.42 X X X X
Acetonitrile 202 356 91.73 356 25.14 X X
Ethyl acetate 201 377 182.77 381 43.37 X X
THF 208 348 69.30 353 34.43 367 17.53
X = non-fluorescent
2-(3-Nitrophenoxy)pyrimidine (49)
2-(3-nitrophenoxy)pyrimidiné49) (1.0 mg) was dissolved in solvents (10 mL)
Concentration = 4.6083 X T, where 16'= 10%, 10° and 1
Excitation and emission slits =5
Fluorescence
Compound | Excitation 10° M 10° M 10°M
Emission Intensity Emission Intensity Emission Intensity
Hexane 205 382 6.34 X X X X
Ethanol 382 398 8.72 X X X X
Acetonitrile X X X X X X X
Ethyl acetate 208 352 5.73 X X X X
THF 205 404 25.41 363 66.27 X X

X = non-fluorescent
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2-(p-Tolyloxy)pyrimidine (51)

2-(p-Tolyloxy)pyrimidine (51) (1.0 mg) was dissolved in solvents (10 mL)
Concentration = 5.3763 X ToM, where 16= 10%, 10° and 1

Excitation and emission slits =5

Fluorescence
Compound | Excitation 10* M 10° M 10°M
Emission Intensity Emission Intensity Emission Intensity
Hexane 207 372 64.70 375 120.76 X X
Ethanol 213 374 3.92 362 9.31 X X
Acetonitrile 204 366 29.67 364 36.92 X X
Ethyl acetate 200 358 35.31 373 11.95 X X
THF 207 344 101.95 346 12111 X X
X = non-fluorescent
2-Phenoxypyrimidin-4-amine (53)
2-Phenoxypyrimidin-4-aming3) (1.0 mg) was dissolved in solvents (10 mL)
Concentration = 5.3476 X ToM, where 16= 10%, 10° and 1&
Excitation and emission slits =5
Fluorescence
Compound | Excitation 10° M 10° M 10°M
Emission Intensity Emission Intensity Emission Intensity
Hexane 203 358 274.44 374 97.48 X X
Ethanol 328 360 916.56 364 347.01 362 87.2¢
Acetonitrile 212 372 431.18 358 145.44 X X
Ethyl acetate 204 324 830.94 X X X X
THF 226 332 274.35 339 44.80 X X

X = non-fluorescent
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2-(2-M ethoxyphenoxy)pyrazine (55)

2-(2-Methoxyphenoxy)pyrazing®5) (1.0 mg) was dissolved in solvents (10 mL)

Concentration = 4.9505 X ToM, where 16= 10* 10° and 1¢

Excitation and emission slits =5

Fluorescence
Compound | Excitation 10* M 10° M 10°M
Emission lintensity Emission Intensity Emission Intensity
Hexane 345 355 215.63 351 78.88 X X
Ethanol 214 359 2.70 372 11.72 X X
Acetonitrile 203 361 49.61 362 53.60 X X
Ethyl acetate 344 437 130.55 439 28.63 X X
THF 203 381 18.78 367 35.86 X X
X = non-fluorescent
2-(4-M ethoxyphenoxy)pyr azine (56)
2-(4-Methoxyphenoxy)pyrazing6) (1.0 mg) was dissolved in solvents (10 mL)
Concentration = 4.9505 X TM, where 16= 10%, 10° and 1&
Excitation and emission slits =5
Fluorescence
Compound | Excitation 10° M 10° M 10°M
Emission Intensity Emission Intensity Emission Intensity
Hexane 349 377 283.47 380 111.98 383 50.0:
Ethanol 200 377 12.15 354 22.52 X X
Acetonitrile 201 379 31.65 350 40.78 369 98.13
Ethyl acetate 347 446 100.07 445 25.07 X X
THF 204 401 37.68 399 29.14 X X

X = non-fluorescent
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Appendix 1- 'TH NMR, B3C NMR, IR and GCMS spectra

'"H NMR Spectra (CDCl;, 400 MHz) of 2-(2-methoxyphenoxy)pyrimidine (37)



13C NMR Spectra (CDCl;, 100 MHz) of 2-(2-methoxyphenoxy)pyrimidine (37)
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Appendix 1- 'TH NMR, 3C NMR, IR and GCMS spectra

'"H NMR Spectra (CDCl;, 400 MHz) of 2-(4-methoxyphenoxy)pyrimidine (39)



13C NMR Spectra (CDCl;, 100 MHz) of 2-(4-methoxyphenoxy)pyrimidine (39)
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Appendix 1- 'TH NMR, 3C NMR, IR and GCMS spectra

'"H NMR Spectra (CDCl;, 400 MHz) of 2-phenoxypyrimidine (41)



13C NMR Spectra (CDCl;, 100 MHz) of 2-phenoxypyrimidine (41)
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Appendix 1- 'TH NMR, 3C NMR, IR and GCMS spectra

'H NMR Spectra (CDCl;, 400 MHz) of 2-(3-methoxyphenoxy)pyrimidine (43)



13C NMR Spectra (CDCl;, 100 MHz) of 2-(3-methoxyphenoxy)pyrimidine (43)
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Appendix 1- 'TH NMR, 3C NMR, IR and GCMS spectra

'H NMR Spectra (CDCl;, 400 MHz) of 2-(o-tolyloxy)pyrimidine (45)
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13C NMR Spectra (CDCl;, 100 MHz) of 2-(o-tolyloxy)pyrimidine (45)
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GCMS of 2-(o-tolyloxy)pyrimidine (45)



Appendix 1- 'TH NMR, 3C NMR, IR and GCMS spectra

'TH NMR Spectra (CDCl;, 400 MHz) of 2-(pyrimidin-2-yloxy)phenol (47)



13C NMR Spectra (CDCl;, 100 MHz) of 2-(pyrimidin-2-yloxy)phenol (47)
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Appendix 1- 'TH NMR, 3C NMR, IR and GCMS spectra

'"H NMR Spectra (CDCl;, 400 MHz) of 2-(3-nitrophenoxy)pyrimidine (49)



13C NMR Spectra (CDCl;, 100 MHz) of 2-(3-nitrophenoxy)pyrimidine (49)
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Appendix 1- 'TH NMR, 3C NMR, IR and GCMS spectra

'H NMR Spectra (CDCl;, 400 MHz) of 2-(p-tolyloxy)pyrimidine (51)



13C NMR Spectra (CDCl;, 100 MHz) of 2-(p-tolyloxy)pyrimidine (51)
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Appendix 1- 'TH NMR, 3C NMR, IR and GCMS spectra
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TH NMR Spectra (CDCl;, 400 MHz) of 2-phenoxypyrimidin-4-amine (53)



13C NMR Spectra (CDCl;, 100 MHz) of 2-phenoxypyrimidin-4-amine (53)




IR Spectrum of 2-phenoxypyrimidin-4-amine (53)
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Appendix 1- 'TH NMR, 3C NMR, IR and GCMS spectra

'TH NMR Spectra (CDCl;, 400 MHz) of 2-(2-methoxyphenoxy)pyrazine  (55)



13C NMR Spectra (CDCl;, 100 MHz) of 2-(2-methoxyphenoxy)pyrazine (55)
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Appendix 1- 'TH NMR, 3C NMR, IR and GCMS spectra

TH NMR Spectra (CDCl;, 400 MHz) of 2-(4-methoxyphenoxy)pyrazine (56)



13C NMR Spectra (CDCl;, 100 MHz) of 2-(4-methoxyphenoxy)pyrazine (56)
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