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ABSTRACT

SYNTHESIS AND KINETIC STUDIES ON AXIALLY CHIRAL
HETEROCYCLIC COMPOUNDS

This thesis consists of two parts. In the first part, axially chiral (S)-5-methyl-3-(o-
tolyl)oxazolidine-2,4-dione was synthesized as a single enantiomer. The optical stability of
C-5 chiral center of the compound was tested in neutral, acidic and basic environments. It
was found that C-5 center of the compound 1 was optically stable under neutral and acidic
conditions, however, was labile under a basic environment. The lability of the center was
tested through an enolization reaction by using the non-nucleophilic base, LDA. The
enolization occurred slightly at -78 °C, but complete racemization was observed at higher
temperatures. The compound 1 was found to retain its integrity until 40-50 min range after
the addition of the nuchleophilic base 0.4% (v/v) NaOH@g). The ring opening of the
compound was observed to occur after 40-50 min. The Kinetics of racemization at C-5 of the
ring opened product was also studied in the scope of the first part. The reductive ring opening
reaction of the compound 1 was done with NaBH4. The examination of the optical stability
of the C-5 chiral center of the product during the reaction revealed a slight racemization
(90.21: 9.79).

The second part of the project comprises the racemic synthesis of the axially chiral
2-thioxo-3-(0-aryl)-quinazoline-4-ones and 2-(benzylthio)- 3-(o-aryl)-quinazolin-4-ones
and the determination of their barriers to rotation by thermal racemization experiments. The
energy barriers of 2-thioxo derivatives 2b-2e could not be determined either due to the
decomposition at 110 °C or stability to rotation. The free energy of activation barriers were
determined for the 2-thioxo derivative 2a and for the thiobenzyl derivatives 3a, 3b, 3c, 3e,
3f and was found to be in the range 112.65-140.80 kJ/mol. The determined barriers of
thiobenzyl derivatives showed a linear relation with the VVan Der Waals radii of attached

halogen substituents.
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OZET

AKSIYAL KIRALITEYE SAHIP HETEROHALKALI BILESIKLER UZERINDE
SENTEZ CALISMALARI VE KINETIK INCELEMELER

Bu tez iki boliimden olugmaktadir. Ilk boliimde aksiyal kiraliteye sahip (S)-5-metil-
3-(o-tolil)oksazolidin-2,4-dion bilesigi tek enantiyomer olarak sentezlendi. Bilesigin C-5
pozisyonundaki kiral merkezinin optik kararliligi nétral, asidik ve bazik kosullarda test
edildi. Yapilan denemeler sonucunda C-5 kiral merkezin nétral ve asidik kosullarda kararl
oldugu ancak bazik kosullarda kararsiz oldugu gézlemlendi. Bazik kosullardaki bu deneme,
niikleofilik olmayan baz (LDA) varligindaki bir enolizasyon reaksiyonu iizerinden
incelendi. Enolizasyon -78 °C sicaklikta kismi olarak, daha yiiksek sicakliklarda ise
biitiiniiyle gerceklesti. Bilesik 1’in, hacimce %0.4’lik nikleofilik baz (NaOHsuda)
eklenmesi sonrasi, 40-50 dakika araligina kadar yapisal biitiinliglinii korudugu gorildii.
Bilesik 1’in halka agilim1 40-50 dakika araligindan sonra gézlemlendi. Tezin birinci boliimii
kapsaminda bilesik 1’in halka acik halindeki C-5 pozisyonunda bulunan kiral merkezin
rasemizasyon kinetigi de incelendi. Bilesik 1’in halka a¢ilim1 indirgenme reaksyonu NaBH4
kullanilarak yapildi. Incelemeler sonucunda iiriiniin C-5 kiral merkezinin reaksiyon boyunca

kismi rasemizasyona ugradigr goriildii. (90.21 : 9.79)

Tezin ikinci boliimiinde aksiyal kiraliteye sahip 2-tiyokso-3-(o-aril)-kuinazolin-4-
on’lar ve 2-(benziltiyo)-3-(o-aril)-kuinazolin-4-on’lar rasemik olarak sentezlendi ve donme
bariyerleri termal rasemizasyon deneyleri tizerinden hesaplandi. 2-Tiyokso tiirevleri olan
2b-2¢ Dbilesikleri 110 °C’de bozundugundan bariyerleri belirlenemedi. 2-Tiyokso
tirevlerinden 2a ve tiyobenzil tiirevlerinden 3a, 3b, 3c, 3e, 3f bilesiklerinin aktivasyon
bariyerlerinin 112.65-140.80 kJ/mol oldugu belirlendi. Tiyobenzil tiirevlerinde o-aril
pozisyonundaki halojenlerin Van Der Waals yarigaplar1 ile enerji bariyerleri arasinda

dogrusal bir iligki oldugu goriildii.
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1. INTRODUCTION

1.1. Oxazolidinediones

Heterocycles have crucial place in organic chemistry. Especially, nitrogen-
containing heterocycles outshine all of others due to their potential bioactive properties.
Such class of compounds are benefited by many fields, but mostly used in the agricultural

and pharmaceutical industries.

Oxazolidinedione and its derivatives have attracted great attention due to their wide
range of pharmacological and biological activities; examples of such are anti-diabetic [1,2],

anticancer [3] and anticonvulsant [4,5] activities.

Diphenyloxazolidinedione and diphenylthiazolidinedione were first introduced by
Wheeler and Johnson in 1902 and later by R.W. Stoughton in 1941 [5]. However, the
investigation of the anticonvulsant effect of these two molecules were studied by Mogens
Ellerman in 1947 with the aim of to find an equivalent drug instead of abandoned ones such
as Nirvanol (5,5-phenylethylhydantoinate) and Dilantin (5,5-diphenylhydantoinate),

because their effective dose was so close to the toxic dose [5].

O 0]
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CeHs CeHs
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S O\<
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Figure 1.1. The structures of 5,5-diphenyl-2,4-dioxothiazolidinedione and 5,5-
diphenyl-2,4-dioxooxazolidinedione or Epidon.

At the end of the research, the results of 5,5-diphenyl-2,4-dioxooxazolidinedione (or

Epidon) was satisfactory compared to others and this finding directed them to a new



prediction: the other derivatives of oxazolidinediones may have better anticonvulsant

features [5].

After 1950’s, oxazolidinediones were studied for determining intracellular pH value
more accurately. Waddel and Butler used 5,5-Dimethyl-2,4-oxazolidinedione (DMO) for the
measurement of the pH of skeletal muscle of dogs and at the end of the work DMO had
been found almost ideal for this purpose [6]. The method was based on the transportation of
an isotopically labeled weak acid or base across the cell membrane which was only
permeable to the undissociated forms of them. After the distribution of certain substances
across the cell membrane, the concentration of the undissociated species would be equal
even though internal and external pH values differ. The pH could be calculated by using
several equations as soon as the concentration of the organic acid or base was measured [7].
DMO was used as a sensitive acid indicator of intracellular pH because of its proper pK
(6.13) and ionic strength (0.16) values. In the first application, ultraviolet spectrophotometric
methods were used to determine DMO, however, labeled DMO-2-C** (5,5-Dimethyl-2,4-
oxazolidine-dione-2-C%) was used for determination in the subsequent work of Butler since

DMO was not metabolized and has low toxicity [7].
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Figure 1.2. The structures of 5,5-dimethyl-2,4-oxazolidinedione and 5,5-

dimethyl-2,4-oxazolidinedione-2- C4,

Oxazolidinedione based compounds also present promising cancer treatment profiles
especially in prostate cancer treatment [3]. Harada and coworkers focused on the use of
inhibitors of 17B-hydroxysteroid dehydrogenase type 3 (17p-HSD3) whose mRNA amount
in cancerous prostate biopsies was found 30-fold higher than in normal tissue [3]. 5-(3-
bromo-4-hydroxybenzyl)-3-(4-methoxyphenyl)-1,3-thiazol-2-one that is an inhibitor of the

17B-HSD3 was chosen as starting point and central ring system of the compound was



changed to oxazolidinedione. The result of the investigation was very satisfactory; the 1Cso*
value of the oxazolidinedione ring containing scaffold was found almost half of the 1Cso
value of former compound [3]. The decrease in the value of ICso refers to following: the

potency of the drug increases [8].

*The half maximal inhibitory concentration (ICso) is @ measure of the effectiveness
of a substance in inhibiting a specific biological or biochemical function. By definition, when
the rate of metabolism of a victim drug is reduced by 50% (at any drug concentration), the

inhibitor concentration is defined as the 1Cs [8].

MeQ :
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Heterocycles

o~ : Br
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Figure 1.3. The examples of compounds containing heterocyclic moiety: 5-(3-
bromo-4-hydroxybenzyl)-3-(4-methoxyphenyl)-1,3-thiazol-2-one and 5-(3-bromo-4-
hydroxybenzyl)-3-(4-methoxyphenyl)-1,3-oxazolidine-2,4-dione.

Oxazolidinediones are also effectual compounds in the treatment of diabetes. Type
2 insulin-resistant diabetes mellitus (known as type 2 diabetes) constitutes 90% of all
diabetes according to a 2017 published article of The International Diabetes Federation

(IDF) [9]. The metabolism of the diabetics who have type 2 diabetes does not use insulin



properly since insufficient insulin production occurs at the beta cells in the presence of

insulin resistance [10]. It is needed to stimulate the insulin metabolism to overcome this

Figure 1.4. The structure of 5-{4-[3-(4-cyclohexyl-2-
propylphenoxy)propoxy]phenyl}-1,3-oxazolidine-2,4-dione.

disorder.

One role of the peroxisome proliferator-activated receptor gamma (PPAR-y) is to
regulate the glucose metabolism in the body [10] and it is possible to treat type 2 diabetes
by activating PPAR-y through an agonist: 5-{4-[3-(4-cyclohexyl-2-propylphenoxy)
propoxy]phenyl}-1,3-oxazolidine-2,4-dione [1].

o% fo) I- X:C; R:H
N 2- X:C; R:CH;
3- X:N:R:H
X 4- X:N; R:C|Hy;

Figure 1.5. The general structure of newly synthesized compounds as MAO
inhibitors.

Besides, oxazolidinedione derivatives have been recently shown to be selective

monoamine oxidase (MAO) inhibitors [11]. Among the synthesized compounds, (5R)-3-



phenyl-5-methyl-2,4-oxazolidinedione was found to be the most potent inhibitor binding
selectively to the MAO A enzyme [11].

The biologic potency of oxazolidinediones are not limited with the field of medicine,
they are also seen in agricultural pesticides. Famoxadone (3-anilino-5-methyl-5-(4-
phenoxyphenyl)-1,3-oxazolidine-2,4-dione) is a widespread fungicide used to protect
agricultural products against crop diseases based on fungi [12]. Famoxadone inhibits the
mitochondrial respiration through binding cytochrome of the inner mitochondrial membrane
of the fungi [12].

HN
A

o]

Figure 1.6. The structure of 3-anilino-5-methyl-5-(4-phenoxyphenyl) -1,3-
oxazolidine-2,4-dione (Famoxadone).

1.2. Quinazolines and Quinazolinones

Quinazolines (or 1,3-diazanaphthalene) are also nitrogen-containing aromatic
heterocycles and consist of two rings fused together, a benzene and a pyrimidine. The first
preparation of quinazoline in the laboratory was done by S. Gabriel in 1903, although the
existence of compounds that could be accepted as its derivative had known before [13]. A.
Weddige observed that this compound had structural similarity with the cinnoline and
quinoxaline, accordingly, the name of this compound was proposed as quinazoline (German:
Chinazolin) [13]. The numbering order of the quinazoline as a cyclic system which is still

used today, was suggested by Paal and Bush [13].
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Figure 1.7. The structures of quinazoline and 4(3H)-quinazolinone (4-oxo

derivative of quinazoline).

Quinazolinones are derivatives of quinazolines and they both offer a synthetic
versatility and possess a wide range of biological properties like antimicrobial [13,16,17],
anticancer [14], antidiabetic [15], anti-inflammatory [16] and anti-HIV [17] activities thanks
to their nitrogen rich structure which is capable of binding medically active compounds with
high affinity [18].

R=2,6-Dichloro

R=2,3,4-Tri-OH

Figure 1.8. The derivatives of 2-cyclopropyl-6-phenyl-3-((pyridin-3-
yl)methyl)quinazolin-4(3H)-one.

Narender Pottabathini and colleagues designed quinazolinone based inhibitors of a-
glucosidase enzyme instead of currently used anti-diabetic agents (diabetes mellitus)
because side effects of them often gave rise to flatulence and diarrhea [15]. Among the
synthesized quinazolinone based inhibitors, the 2,6-dichloro substituted quinazolinone
derivative and trihydroxyphenyl substituted quinazolinone derivative (Figure 1.8) showed
the highest inhibition against a-glucosidase according to measured 1Cso values [15].



Virupakshi Prabhakar and coworkers synthesized new compounds based on
quinazoline skeleton for obtaining advanced antimicrobial activity [13]. All synthesized
compounds were compared with a standard drug (Amoxicillin) for in vitro anti-bacterial
activity against Bacillus subtilis, Staphylocouccus aureus, Klebsiella pneumonia and
Escherichia coli. Among the synthesized compounds, 4-thiomorpholino-N-(thiophen-2-
yl)quinazolin-2-amine was found to be more active against tested bacterial strains as

compared to the standard [13].

Figure 1.9. The structure of 4-thiomorpholino-N-(thiophen-2-yl)quinazolin-2-

amine.

Eweas and co-workers synthesized some novel 6-bromo-2-(4-pyridyl)-quinazolin-
4(3H)-one derivatives to find new alternative anti-inflammatory drugs, since the ulcerogenic
side effects were observed among the existed drugs during the long-term medications [16].
Synthesized compounds were tested for their anti-inflammatory activity, in comparison to
the reference standard indomethacin. Among all compounds, chloro and nitro derivatives of
6-bromo-2-(pyridin-4-yl)-3-(4-(3-(aryl/heteryl)acryloyl)  phenyl) quinazolin-4(3H)-one
showed the highest anti-inflammatory activity [16].



Br.

R=Cl: 6-bromo-3-(4-(3-(4-chlorophenyl)acryloyl)phenyl)-2-(pyridin-4-yl)quinazolin-4(3H)-one
R=NO:: 6-bromo-3-(4-(3-(4-nitrophenyl)acryloyl)phenyl)-2-(pyridin-4-yl)quinazolin-4(3H)-one

Figure 1.10. The general structure of 6-bromo-2-(pyridin-4-yl)-3-(4-(3-
(Aryl/Heteryl)acryloyl) phenyl) quinazolin-4(3H)-one.

Lung cancer is one of the most common and serious types of cancer in the world.
According to 2015 data of the World Health Organization (WHO), there were 8.8 million
cancer-related deaths globally and the most mortal one was the lung cancer, accounting for
1.69 million deaths in 2015 [19]. Among the lung cancer types, non-small-cell lung cancer
(NSCLC) is the most common type. Although there are regional differences in the lung
cancer treatment, especially in chemotherapy process, afatinib is used in various countries
during the first line treatment of NSCLC as a targeted therapy. Afatinib (BIBW 2992) is an
aniline-quinazoline compound that irreversibly inhibits ErbB family receptors through

binding their kinase domains with high selectivity [14].
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Figure 1.11. The structure of Afatinib (BIBW 2992).

K. Vijayakumar and colleagues synthesized some quinazoline derivatives containing
different functional groups using a more convenient and an eco-friendly method than the

traditional procedures for enhanced antimicrobial and anti-HIV1 activity [17].

R
/==
N
N\ N
N
0
N
/)\
N
=H: 2-Methyl-3-(2-(5-phenyl-1H-tetrazol-1-yl) Phenyl) Quinazolin-4(3H)-one
=TF: 3-(2-(5-(4-Fluorophenyl)-1H-tetrazol-1-yl) Phenyl)-2-methyl Quinazolin-4(3H)-one
R=CN: 4-(1-(2-(2-Methyl-4-oxoquinazolin-3(4H)-yl) Phenyl)-1H-tetrazol-3-yl) Benzonitrile
R=Cl: 3-(2-(5-(4-Chlorophenyl)-1H-tetrazol-1-yl) Phenyl)-2-methyl Quinazolin-4(3H)-one
R=NO:: 2-Methyl-3-(2-(5-(4-nitrophenyl)- | H-tetrazol-1-yl) Phenyl) Quinazolin-4(3H)-one

Figure 1.12. The structure of the derivatives of compounds containing

quinazolinone moiety.
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Zhou, Jia, Xu, Jiang and Wu reported a divergent method of synthesis of 4H-
benzo[d][1,3]thiazine-4-ones and 2-thioxo-2,3-dihydroquinazolin-4(1H)-ones in mild

conditions by using isatin as a starting compound [20].

Q R
-phenyl
- R -4-bromophenyl
N -3-chlorophenyl

-3-methoxy
-o-tolyl
S

H -naphtyl
Figure 1.13. Some examples for the substrate scope for the synthesis of 2-

thioxo-4(3H)-quinazolinones.

1.3. Chirality

Chirality has been one of the oldest branches of organic chemistry, early studies
dating back to the 1800s. Arago (1811) observed circular polarization by replacing the mica
by a quartz crystal, different crystals were found to rotate the plane of polarized light to
either left or right. Subsequent year, the demonstrations of Biot indicated that similar effects
also could be observed in some natural products such as sugar solutions and tartaric acid
[21]. However, the first demonstration of molecular chirality was performed by Louis
Pasteur (1848) for the purpose of resolving a problem regarding the nature of tartaric acid.
Pasteur obtained two kinds of crystals after the re-crystallization of the sodium-ammonium
salt of racemic tartaric acid [21]. The shapes of crystals were distinctly different so that they
were separated by using tweezers. After re-dissolving each crystal, he found that they rotated
polarized light differently since each composed of one enantiomer.

The concept of optical activity has been a useful physical property for the
development of the studies about chirality. Generally, the concept of chirality and optical
activity are misused. It is an important point to consider that optical activity is one of the
properties of chiral molecules [22]. Chiral molecules are molecules that are not
superimposable on their mirror image. A chiral molecule and its non-superimposable mirror

image are called enantiomers. Under achiral environments; the physical and chemical
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properties of enantiomers are identical except their optical rotations, which are of equal
magnitude but opposite signs. When enantiomers interact with chiral systems physical and

chemical properties will be different since they become diastereomers of each other.

Central chirality which is the largest class among all chirality types is seen those
compounds in which one or more atoms have four non-identical substituents. The most
common chiral centers in organic molecules are sp® hybridized carbon atoms. Besides
tetrahedral carbon; heteroatoms like quaternary nitrogen, tetravalent phosphorus and
pyramidal sulfur atoms with non-identical substituents are the other examples for chiral
centers. Since any of the symmetry operations cannot be run about the central atom, it is also
called as asymmetric atom. Asymmetric atoms are stereogenic centers. A stereogenic center

is a structural feature in a molecule that causes chirality [22].

In planar chirality, the chiral element is a chirality plane instead of a chirality center.
The arrangement of out of plane groups with respect to a plane brings chirality to a molecule.
Restricted rotation or structural requirements lead the molecule in unique spatial
arrangement where chirality plane does not lie in a symmetry plane, it is spread out by the

fragments of the molecule [23].

Axial chirality will be discussed as a separate section because the compounds studied
in this project are axially chiral.

1.3.1. Axial Chirality and Atropisomerism

Axial chirality is seen those molecules in which the non-planar arrangement of set of

substituents about an axis is not superposable on its mirror image [23].

The molecular structures of allenes, spirans and biphenyls are ideally suited to the
definition of axial chirality because the rotational mobility of such molecules is somehow
restricted. Side by side double bonds bring rigidity to the allenes, so free rotation is prevented
under normal conditions. Therefore, enantiomers of the allenes can be separated from each
other [23].
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Figure 1.14. The enantiomers of chiral allenes.

In spirans, twisted structure of two rings are perpendicular to each other, accordingly

suitable substitution makes the molecule chiral [23].

Figure 1.15. The enantiomers of spiro[3,3]heptane.

Axial chirality is most commonly observed in biaryl compounds whose chirality
depends on the hindered rotation about a single bond. Such phenomenon is called
atropisomerism if the isomers interconvert with a half-life of more than 1000 s at a given
temperature. Isolation of atropisomers relies on the bulkiness of the ortho substituents of
biaryl compounds (also rarely meta substituents), which make the interconversion slow
enough and resolution of the enantiomers possible [24].

Figure 1.16. The enantiomeric chiral biphenyls.

Figure 1.16 shows the enantiomeric interconversion of biphenyl compounds as an

example of biaryl atropisomers, additionally binapthyls also belong to the such class of



13

atropisomers. Besides the C-C coupled biaryl compounds, there are several heterobiaryl and

non-biaryl atropisomers that exist in different forms of chiral axes [25].
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Figure 1.17. Some atropisomers around different axes [25].
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1.3.2. Nomenclature of Atropisomers

The absolute configuration of atropisomers can be represented according to Cahn-
Ingold-Prelog (CIP) rules by using both (R)/(S) and (P)/(M) stereodiscriptors [25]. In order
to specify configuration, first the substituents around the chiral axis should be drawn in
Newman projection by considering the view direction and then the priority of the groups
should be assigned. Following the 90° path from the highest priority group at the front to the

highest ranking group at the rear will define the conformation [24].

Figure 1.18. The illustration for plus (P) isomer.

The conformation is P (plus) if this turn is clockwise as shown above; on the other

hand, the conformation is M (minus) if this turn is counter clockwise as shown below.

Figure 1.19. The illustration for minus (M) isomer.
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1.3.3. The Role of Enantiomers

In previous section, it was stated that pure enantiomers of any chiral compound have
identical physical and chemical properties in an achiral environment. However, they
frequently behave differently with respect to their biological activity because the important
building blocks of metabolism such as enzymes, transporters, membrane proteins, DNA and
RNA are chiral [26]. Hence, the biological receptors of those molecules require proper chiral
interaction with drug molecules. For instance; ibuprofen (isobutylphenylpropionic acid)
which is the one of the highest consumed drug in the world, is used for treating pain,
dysmenorhea, inflammation and fever. It has a stereogenic center within the propionic acid
moiety, therefore, R and S isomers of the molecule exist as enantiomers. The medical benefit
of ibuprofen is the inhibition of the cyclooxygenase (COX) enzymes, however, only S(+)-
Ibuprofen inhibits COX1 and COX2 equally [21,26]. R(-)-isomer of ibuprofen has almost
no pharmacological activity, weak inhibition on COX1 and no effects on COX2 [21,26].

OH OH

Figure 1.20. The structures of S(+)-Ibuprofen and R(-)-Ibuprofen.

In this case, inactive enantiomer has no effect but this is not valid for all enantiomers.
In certain situations; one of the enantiomers might have opposite, adverse or even harmful
effects whereas the other enantiomer has desired activity [21,27]. For instance, R-cetirizine
upregulates P-glycoprotein expression, while S-cetirizine down-regulates it [21]. On that
account, producing pure enantiomer is essential to the pharmaceutical industry and it is also
seen in food and agrochemical industries [27]. Asymmetric synthesis and resolution of
racemates after a nonselective synthesis are two main approaches in the development of

single stereoisomer compounds [27].
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Table 1.1. The possible pathways leading to pure enantiomers [27].

Asymmetric Nonselevtive Synthesis
Synthesis and Resolution of
Racemates
» Chiral Building » Kinetic or Dynamic
Blocks (Chiral Kinetic Resolution

Pool Synthesis) Enantiomerically (enzymatic/

- Pure « chemically)
+  Chiral

»  Selective Liquid-

Auxiliaries Compounds Liquid Extraction
(Chiral Handle)
» Fermentation » Membrane Seperation
°  Asymmetric «  Crystallization
Catalysis

» Formation of
Diastereomers and
Crystallization
(Classical Resolution)

» Chromatography

Inspired by the chiral pool concept, (S)-5-methyl-3-(o-tolyl)oxazolidine-2,4-dione
was synthesized in this project. Chiral pool synthesis is one of the approaches of the
asymmetric synthesis whereby desired chiral molecule is synthesized through the reaction
of a required chiral starting compound with any other reagents [27]. Quinazoline derivatives
were synthesized as a racemic mixture and they are resolved utilizing analytical

enantioselective HPLC in order to conduct targeted experiments.
1.3.4. HPLC Analyses with a Chiral Stationary Phase

Chromatography has always been both qualitatively and quantitatively an effective
way for the separation and purification of the components of a mixture. The separation is
based on differential distribution of the components of a mixture between the mobile and
stationary phases. Many alternative methods can be applied on analytes with the help of
chromatography devices developed by modern laboratory technologies. Among all these
devices and techniques, high-performance liquid chromatography (HPLC) is found a more
useful technique for non-volatile and/or thermally labile compounds on both an analytical
and preparative scale owing to the versatility of the mobile and the stationary phases [27].

Depending upon the type of the analyte, the convenient mobile and stationary phases should
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be chosen. In the case of enantioselective separation of the racemates, one of the two phases
should be chiral because the use of a chiral material or reagent is a key factor for the chiral
separation [21,26]. In general, chiral stationary phases (CSPs) are found more applicable
than chiral mobile phases or achiral mobile phases with chiral additives because the recovery

of the chiral agents is not easy [27].

The working principle of HPLC relies on the retention ability of each component of
the analyte. Mobile phase is pumped to facilitate the movement of analyte through the
column which is filled with an adsorbent material (stationary phase). Each component
interacts with adsorbant in different strength. The type of such interactions are generally
dipolar interactions, n-7 interactions and hydrogen bonding [22]. The strong interactions
give rise to slow flow rate, and thus an increased retention time. Herein, the difference
between ordinary and enantioselective HPLC becomes important. The separation of
enantiomers is possible only when they migrate through the CSP because the transient
diasteromeric complexes are formed thanks to the interaction between chiral analyte
molecule and chiral adsorbent. Otherwise, enantiomers will be retained the same on the non-

chiral stationary phases [22,27].

1.3.5. Determination of the Barriers to Rotation

Isolable atropisomers can be racemized thermally if the necessary energy is given to
overcome the rotational energy barrier. Of course, the successful interconversion about
single bond is possible provided that the molecule does not decompose at high temperatures.
The interconversion of enantiomers follows reversible first-order Kkinetics, the theory of

which is given below:

The reactions of both the forward and the reverse are first order, thus the rate is
defined by;

g = kf [M] and Iy = kr [P]
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Where [M] and [P] are the concentrations of atropisomers M and P, ks and k; are the
interconversion rate constants for the M and P. The rate of change of each atropisomers can

also be defined in,

d[M]
=
d[P]

T dt

The rate of consumption of M by forward reaction and the rate of formation of M by

reverse reaction can be stated as

—(M)f = = ke [M]

Then the interconversion of atropisomers can be described by following equation,

() = 1+ 1, )

1.1

The relationship between the change of concentration of atropisomers is described as

which means,

Substitution of [P] = [P]o + [M]o - [M] into Equation 1.1 gives,
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d[M]
— = Ke[Plo + ke[M]o — (ke + ko) [M]

(1.2)

The rates of the forward and reverse reactions become equal at the equilibrium;

i)

concentration of each species being constant. Thus, =0

If the equilibrium concentration of M is defined as [M]eq and Equation 1.2 is

modified by setting % = 0 and [M] = [M]eq,

ke [P]o + ke [M]o = (ke + kr)[M]eq

(1.3)
The use of Equation 1.3 in Equation 1.2 gives,
d[M]
7 = (ke + kr)([M]eq - [MD
(1.4)
Using the identity [(x + s)™dx= In(x + s) to integrate this equation, we get,
[M] - [M]eq>
In{———| = —(ke+ k)t
([M]o — [M]eq f
(1.5)

Since ks =k for the racemization of enantiomers, Equation 1.5 could be written as

(1.6)
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[M]— [M]eq
[M]O - [M]eq

graph, it gives a straight line and the slope being equal to -2k. Having determined the value

If the relationship between the variables of ln( ) and time is plotted on the

of k, the free energy of activation can be calculated using the Eyring Equation (Equation
1.7)

kb- T)

# _
AG" = RTln(k.h

.7

where R is an universal gas constant which is equal to 8.3143 J/mol.K, T is temperature (in
Kelvin) at which the interconversion takes place, kp is a Boltzmann constant which is equal
to 1,3805.102J/K, h is a Planck constant which is equal to 6,6256.10°34J.s, Kk is the rate

constant for the racemization reaction.
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2. AIM OF THE STUDY

In this study, we aimed to synthesize axially chiral (S)-5-methyl-3-(o-
tolyl)oxazolidine-2,4-dione (1) as a single enantiomer and examine the optical stability of
C-5 chiral center of compound 1 in various conditions and reactions. Additionally, we aimed
to run racemic synthesis of axially chiral 2-thioxo-3-(0-aryl)-quinazoline-4-ones (2a-2f) and
2-(benzylthio)-3-(0-aryl)-quinazolin-4-ones (3a-3f) and the determination of their barrier to
rotation by thermal racemization experiments. Therefore, we planned to carry out the

followings:

To examine the optical stability of ethanol solution of compound 1 in neutral conditions
at room temperature and 76 °C by HPLC analysis with CSP.

To examine the optical stability of ethanol solution of compound 1 with 0.4% TFA
addition in acidic conditions at room temperature and 76 °C by HPLC analysis with CSP.
To examine the optical stability of compound 1 with the addition of non-nuchleophilic
base, LDA, in basic conditions at -78 °C by HPLC analysis with CSP and verify the
findings with the result of the iodination reaction that will occur through enolate
formation.

To examine the optical and chemical stability of compound 1 with the addition of
nuchleophilic base, NaOHq), in basic conditions at room temperature by using
polarimetry and HPLC analysis with CSP.

To resolve the enantiomers of 2a-2f and 3a-3f and calculate the barriers to rotation by

following the thermal interconversion process of the one enantiomer to another.
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3. EXPERIMENTAL

3.1. Synthesis of (S)-5-methyl-3-(o-tolyl)oxazolidine-2,4-dione (1)

This compound was synthesized by the following procedure. 1.49 mL (0.012 mol)
o-tolyl isocyanate (d = 1.074 g/mL) and 1.38 mL (0.012 mol) S(-)-ethyl L-lactate (d = 1.032
g/mL) were refluxed for 5h in 25mL p-xylene. At the end of the reaction, the solvent of
product solution was evaporated under fume hood overnight and a white solid product was
obtained. Then, the product was acidified slowly with constant stirring, using 20 — 25 mL of
6 M HCI solution and warmed for about 30 — 40 minutes. Two separate phases were formed
in the solution during the addition of HCI, because the acidification caused intramolecular
cyclization which had led to form (S)-5-methyl-3-(o-tolyl)oxazolidine-2,4-dione (compound
1) in lower phase. Having separated the lower phase, it was put into an ice bath to precipitate.

The white crystals of compound 1 were obtained after filtration by qualitative filter paper.

NCO
O O H
N /\O ' p-xylene O-tOIyl\N)J\O > O\/
"y reflux H
HO 0] HCI

H

0O 00— o O H,
\/ . "‘-.
O/&N O ~mon OJ\N { "OH ~r Otolyl\NHJLO/<“€O\/

Figure 3.1. The mechanism for synthesis of compound 1.

Q.

Yield: 0.12 g (4.88%), mp: 90.4 —92.2 °C, *H NMR (400 MHz, CDCls) § 7.40 (ArH,
d), 7.36 (ArH, d), 7.32 (ArH, t), 7.17 (ArH, 1), 5.07 (CH, q), ), 2.23 (CHs, s), 2.21 (CHs, 3),
1.72 (CHs, d ). 23C NMR (101 MHz, CDCls) § 172,53 (C=0), 153.87 (C=0), 135.67 (ArC-
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N), 131.43 (ArC-C), 130.14 (ArC-C), 129.28(ArC-C), 127.95(ArC-C), 127.16, CH 76.31,
CH; 16.84.

3.1.1. Enolate Formation Reaction by LDA

Careful planning is the most important step prior to the any experimental attempt
with LDA since it is highly reactive and hence a dangerous chemical. The entire experiment

must be carried out under an inert atmosphere of nitrogen.

The enolate of compound 1 was formed by treating the 1 equivalent of compound 1
with 1.2 equivalent lithium diisopropyl amide (LDA) in THF solvent at given temperature
(Figure 4.8). The reaction was repeated three times at different temperatures and reaction
times. The conditions of each experiment are given in Table 3.1. At the end of the reaction,
the reaction mixture was quenched with ammonium chloride (NH4Cl) at given temperature.
Then, the mixture was put into a separatory funnel and organic phase was extracted by
adding diethyl ether up to a sufficient extent. For minimizing the possibility of dissolved
water (even in traces), the organic phase was dried by calcium chloride anhydrous (CaCl>).

Finally, the solvent was evaporated to get the product out after the filtration of CaCl, powder.

Table 3.1. The experimental data regarding enolate formation reactions.

Experiment 1

Experiment 2

Experiment 3

Compound 1 50 mg 50 mg 50 mg
THF 5 mL 5 mL 5 mL
LDA 0.037 mL 0.037 mL 0.037 mL
Temperature -55°C -55°C -78 °C
Reaction time 20 minutes 1 hour 2 hours

3.1.2. The lodination Reaction of Compound 1 through Enolate Formation by LDA

Since LDA was used in the experiment, the whole process was conducted under an

inert atmosphere of nitrogen. The experiment was totally similar except the addition of
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iodine (Figure 4.8). The temperature of cryostat was set to -78 °C. Here, the important point
was the following: LDA and iodine had to be added into the three necked flask at the same
time. As described above, 10 mg of compound 1 (1 eq.) was dissolved in 7 mL THF to react
with 0,08 mL LDA (1.2 eq.) and 0.148 g I> (2.4 eq.). At the end of the reaction, the reaction
mixture was quenched with ammonium chloride (NH4CI) at -78 °C. Then, the mixture was
put into a separatory funnel and organic phase was extracted by adding diethyl ether up to a
sufficient extent. For minimizing the possibility of dissolved water (even in traces), the
organic phase was dried by calcium chloride anhydrous (CaCly). Finally, the solvent was

evaporated to get the product out after the filtration of CaCl., powder.
3.1.3. The Reduction Reaction of Compound 1 with Sodium Borohydride

1.5 mg sodium borohydride (0.4 mmol) (4 eq.) was dissolved in 0.5 mL water and
added to the solution of compound 1 prepared by dissolving the 2 mg (0.1 mmol) (1 eq.) of
compound 1 in 1 mL THF (Figure 4.13). The reaction was run at 20-25 °C and the internal
temperature was kept at that temperature range while the addition of any solution regarding
this experiment. The solution of sodium borohydride was added slowly and the mixture was
stirred at room temperature until the end of reaction. The completion of the reaction was
monitored by TLC. After the reaction was complete, 5 eq. HCI solution (0.5 mmol HCl in
3mL water) was added to mixture at keeping the temperature in 20-25 °C range. The reaction
mixture was extracted three times with ethyl acetate. The combined organic layers were

washed with brine, and purified by recrystallization with ethyl acetate-hexane.

3.2. Synthesis of 2-Thioxo-3-(0-aryl)-quinazoline-4-ones (2a-2f)

3.2.1. General Procedure

Compounds 2a-2f, 2-thioxo-3-(o-aryl)-quinazoline-4-ones, were synthesized by
refluxing the appropriate isothiocyanates with anthranilic acid in ethanol for 5 hours. The

compounds were purified by recrystallization from ethanol (Figure 4.15).
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3.2.1.1. 3-(2-Fluorophenyl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one(2a). The compound

was synthesized according to the general procedure using 1.23 mL (0.01 mol) 2-

fluorophenyl isothiocyanate (d = 1.248 g/mL), 1.37 g (0.01 mol) anthranilic acid in 15 mL
ethanol. Yield: 1.37 g (50.32%) mp: 270-271°C *H NMR (400 MHz, DMSO- ds): & 13.20
(s, 1H), 7.97-7.29 (m, 8H) ppm. *C NMR (100 MHz, DMSO- d): § 175.9, 159.7, 158.9,
156.5, 140.1, 136.5, 131.7, 131.2, 127.9, 126.8, 125.4, 125.2, 116.4, 116.0 ppm.

3.2.1.2. 3-(2-Chlorophenyl)-2-thioxo-2,3-dihydroguinazolin-4(1H)-one(2b). The compound

was synthesized according to the general procedure using 1.31 mL (0.01 mol) 2-

chlorophenyl isothiocyanate (d = 1.299 g/mL), 1.37 g (0.01 mol) anthranilic acid in 15 mL
ethanol. Yield: 0.51 g (17.66%) mp: 251-252 °C *H NMR (400 MHz, DMSO-de): 6 13.18
(s, 1H), 7-98-7.35 (m, 8H) ppm. *C NMR (100 MHz, DMSO- dg): ¢ 175.6, 159.5, 140.1,
137.0, 136.5, 132,0, 131.7, 130.6, 130.1, 128.5, 128.0, 125.1, 116.3, 116.1 ppm.

3.2.1.3. 3-(2-Bromophenyl)-2-thioxo-2,3-dihydroguinazolin-4(1H)-one(2c). The compound

was synthesized according to the general procedure using 1.35 mL (0.01 mol) 2-
bromophenyl isothiocyanate (d = 1.591 g/mL), 1.37 g (0.01 mol) anthranilic acid in 15 mL
ethanol. Yield: 1.15 g (34.51%) mp: 256-257 °C *H NMR (400 MHz, DMSO-de): 6 13.16
(s, 1H), 7-98-7.34 (m, 8H) ppm. *C NMR (100 MHz, DMSO-ds): 6 175.5, 159.4, 140.1,
138.6, 136.5, 133.2, 131.7, 130.7, 129.1, 128.0, 125.1, 122.8, 116.3, 116.1 ppm.

3.2.1.4. 3-(2-lodophenyl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2d). The compound
was synthesized according to the general procedure using 2.61 g (0.01 mol) 2-iodophenyl
isothiocyanate, 1.37 g (0.01 mol) anthranilic acid in 15 mL ethanol. Yield: 0.09 g (2.37%)
mp: 277-278 °C *H NMR (400 MHz, DMSO-ds): 6 13.13 (s, 1H), 7-98-7.14 (m, 8H) ppm.
13C NMR (100 MHz, DMSO-ds): 6 175.4, 159.5, 142.2, 140.1, 139.4, 136.4, 130.8, 130.4,
129.7, 128.0, 125.0, 116.4, 116.3, 100.5 ppm.

3.2.1.5. 2-Thioxo-3-(0-tolyl)-2,3-dihydroquinazolin-4(1H)-one(2e). The compound was

synthesized according to the general procedure using 1.34 mL (0.01 mol) o-tolyl
isothiocyanate (d = 1.115 g/mL), 1.37 g (0.01 mol) anthranilic acid in 15 mL ethanol. Yield:
0.91 g (33.91%) mp: 253-255 °C *H NMR (400 MHz, DMSO-ds): 6 13.08 (s, 1H), 7.96-7.19
(m, 8H), 2.02 (s, 3H) ppm. *C NMR (100 MHz, DMSO-de): 175.7, 159.8, 140.2, 138.7,
136.2, 135.6, 130.9, 129.3, 128.9, 127.9, 127.2, 124.9, 116.3, 17.4 ppm.
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3.2.1.6. 3-(Naphtalen-1-yl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one(2f). The compound
was synthesized according to the general procedure using 1.85 g (0.01 mol) 1-naphthyl
isothiocyanate, 1.37 g (0.01 mol) anthranilic acid in 15 mL ethanol. Yield: 1.80 g (59.14%)
mp: 268-269 °C *H NMR (400 MHz, DMSO-ds): ¢ 13.15 (s, 1H), 8.00-7.35 (m, 11H) ppm.
13C NMR (100 MHz, DMSO-ds): 6 176.6, 160.5, 140.4, 136.4, 136.2, 134.4, 130.1, 129.0,
128.7,127.9, 127.6, 127.3, 126.6, 126.3, 124.9, 122.9, 116.6, 116.3 ppm.

3.3. Synthesis of 2-(Benzylthio)-3-(o-aryl)-quinazolin-4-ones (3a-3f)

3.3.1. General Procedure

Compounds 3a-3f, 2-(benzylthio)-3-(o0-aryl)-quinazolin-4-ones, were synthesized by
the reaction of the corresponding 2-thioxo-3-(o-aryl)-quinazolin-4-ones (2a-2f) and
benzylbromide (BnBr) in the presence of NaOH in methanol at room temperature. The
compounds were purified by recrystallization from ethanol (Figure 4.16).

3.3.1.1. 2-(Benzylthio)-3-(2-fluorophenyl)quinazolin-4(1H)-one (3a). The compound was

synthesized according to the general procedure using 0.54 g (2 mmol) of 3-(2-fluorophenyl)-
2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2a) and 0.34 g (2 mmol) of benzylbromide and
20 mL of 0.1 M NaOH solution. Yield: 0.40 (46.91%) mp: 170-172 °C *H NMR (400 MHz,
CDCls): 6 8.26-7.24 (m, 13H), 4.49 and 4.42 (AB quartet, 1H each, Jag = 13.2 Hz) ppm.**C
NMR (100 MHz, CDCls): ¢ 161.1, 159.4, 157.0, 147.7, 136.1, 134.9, 132.1, 132.0, 131.0,
129.3, 128.6, 127.5, 127.3, 126.2, 126.0, 124.9, 119.6, 117.3, 116.8, 37.0 ppm.

3.3.1.2. 2-(Benzylthio)-3-(2-chlorophenyl)quinazolin-4(1H)-one (3b). The compound was

synthesized according to the general procedure using 0.58 g (2 mmol) of 3-(2-chlorophenyl)-
2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2b) and 0.34 g (2 mmol) of benzylbromide and
20 mL of 0.1 M NaOH solution. Yield: 0.61 g (80.50%) mp: 169-171 °C *H NMR (400
MHz, CDCIs): ¢ 8.25-7.24 (m, 13H), 4.49 and 4.39 (AB quartet, 1H each, Jag = 13.6 Hz)
ppm.2C NMR (100 MHz, CDCls): 6 161.0, 156.5, 147.8, 136.2, 134.8, 133.6, 133.5, 131.4,
131.0, 130.6, 129.3, 128.5, 128.0, 127.5, 127.4, 126.3, 126.0, 119.7, 36.9 ppm.
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3.3.1.3. 2-(Benzylthio)-3-(2-bromophenyl)quinazolin-4(1H)-one (3c). The compound was

synthesized according to the general procedure using 0.76 g (2 mmol) of 3-(2-bromophenyl)-
2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2c¢) and 0.34 g (2 mmol) of benzylbromide and
20 mL of 0.1 M NaOH solution. Yield: 0.71 g (83.86%) mp: 146-148 °C  'H NMR (400
MHz, CDCls): ¢ 8.20-7.16 (m, 13H), 4.40 and 4.37 (AB quartet, 1H each, Jag = 13.2 Hz)
ppm. C NMR (100 MHz, CDCls): § 161.0, 156.4, 147.8, 136.2, 135.2, 134.8, 133.8, 131.5,
131.0, 129.3, 128.7, 128.5, 127.5, 127.4, 126.3, 125.9, 123.9, 119.7, 36.9 ppm.

3.3.1.4. 2-(Benzylthio)-3-(2-iodophenyl)quinazolin-4(1H)-one (3d). The compound was

synthesized according to the general procedure using 0.76 g (2 mmol) of 3-(2-iodophenyl)-
2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2d) and 0.34 g (2 mmol) of benzylbromide and
20 mL of 0.1 M NaOH solution. Yield: 0.69 g (73.35%) mp: 172-173 °C *H NMR (400
MHz, CDCls): ¢ 8.28-7.20 (m, 13H), 4.47 (s, 2H) ppm.’3C NMR (100 MHz, CDCls): 6
160.9, 156.3, 147.8, 140.2, 138.7, 136.3, 134.9, 131.3, 130.3, 129.6, 129.4, 128.5, 127.5,
127.4,126.3, 125.9, 119.7, 100.6, 36.9 ppm.

3.3.1.5. 2-(Benzylthio)-3-(o-tolyl)quinazolin-4(1H)-one  (3e). The compound was

synthesized according to the general procedure using 0.54 g (2 mmol) of 2-thioxo-3-(o-
tolyl)-2,3-dihydroquinazolin-4(1H)-one (2e) and 0.34 g (2 mmol) of benzylbromide and 20
mL of 0.1 M NaOH solution. Yield: 0.19 g (26.50%) mp: 175-176 °C *H NMR (400 MHz,
CDCls): 0 8.27-7.42 (m, 13H), 4.44 and 4.41 (AB quartet, 1H each, Jag = 13.2 Hz), 2.13 (5,
3H) ppm. 3C NMR (100 MHz, CDCls): 6 161.2, 157.2, 147.9, 136.8, 136.5, 134.8, 134.6,
131.3,130.3,129.3, 129.2, 128.5, 127.4, 127.3, 127.2, 126. 2, 125.8, 119.8, 36.8, 17.4 ppm.

3.3.1.6. 2-(Benzylthio)-3-(naphtalen-1-yl)quinazolin-4(1H)-one (3f). The compound was

synthesized according to the general procedure using 0.61 g (2 mmol) of 3-(naphtalen-1-yl)-
2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2f) and 0.34 g (2 mmol) of benzylbromide and
20 mL of 0.1 M NaOH solution. Yield: 0.22 g (27.88%) mp: 182-185°C *H NMR (400
MHz, CDCIs): ¢ 8.29-7.24 (m, 16H), 4.45 and 4.32 (AB quartet, 1H each, Jag = 13.6 Hz)
ppm.1*C NMR (100 MHz, CDCls): 6 161.8, 157.8, 147.9, 136.3, 134.8, 134.4, 132.3, 130.7,
129.9, 129.3, 128.6, 128.4, 127.9, 127.7, 127.5, 127.4, 126.7, 126.2, 126.0, 125.4, 121.8,
119.8, 37.0 ppm.



28

3.4. Apparatus

'H NMR and 3C NMR spectra were recorded on the Varian-Mercury VX-400 MHz
BB.

Melting points were recorded by using a Stuart™ melting point apparatus SMP3.

Polarimetric detections were measured on an Autopol | S2, manufactured by

Rudolph Research Analytical.

Liquid chromatography analyses were performed by using Lab Alliance Series Il

pump and Water Assoc. UV absorbance detector and listed chiral stationary phases below:

Chiralpak® 1A column: packing  composition;  Amylose tris  (3,5-
dimethylphenylcarbamate) immobilized on 5 um silica-gel (Daicel Ltd., column
size:250x4.6 mm)

Chiralpak® IB  column: packing  composition;  Cellulose tris  (3,5-
dimethylphenylcarbamate) immobilized on 5 pm silica-gel (Daicel Ltd., column
size:250x4.6 mm)

Chiralpak® IC  column: packing  composition;  Cellulose tris  (3,5-
dichlorophenylcarbamate) immobilized on 5 pm silica-gel (Daicel Ltd., column
size:250%4.6 mm)

Chiralpak® AD-H column: packing composition: Amylose tris  (3,5-
dimethylphenylcarbamate) coated on 5 um silica-gel (Daicel Ltd., partical size: Sum,

column size:250%x4.6 mm)
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4. RESULTS AND DISCUSSIONS

4.1. Studies on (S)-5-methyl-3-(o-tolyl)oxazolidine-2,4-dione

4.1.1. Optical Stability of the Compound 1 Under Various Conditions

Chiral compound 1 had been synthesized as a single isomer according to the
procedure shown in experimental section 3.1 and its optical purity was proved by HPLC
analyses with a chiral stationary phase. The selection of the best chiral HPLC stationary
phase for each compound was very important to carry out the experiments. Among the all
CSPs we had, chiralpak® IB column was found as the best choice for compound 1 with
following conditions; mobile phase: n-hexane/ethanol =99:1, column temperature = 7 °C,
flow rate = 0.6 mL/min, detection at 254 nm . As shown in Figure 4.1, compound 1 was
synthesized as a single enantiomer whose peak was observed around 54 min. The solvent

peak appeared at 6 min.

[y %
u” (solvent)

I\

6,052 20 40 53,913 60

Absorbance (volts)

o
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Figure 4.1. The chromatogram of enantiomerically pure (S)-5-methyl-3-(o-

tolyl)oxazolidine-2,4-dione.

Initially, the configurational lability of compound 1 was tested at room temperature
under neutral conditions in ethanol solution. No change in configuration at C-5 chiral center
was observed within 32 h. Then, the test was conducted at elevated temperatures. Compound
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1 was dissolved in ethanol and refluxed at 76 °C. The solute was analysed by HPLC in every

3 h. No change was observed at the end of the 32 h (Figure 4.3), thus simply heating did not

result in a conversion of C-5 (S) configuration to C-5 (R).

enantiomers

--------- -
SM * 54
) A diastereomers
diastereomers., ..
Y # Y

enantiomers

SpP

RP

A

+ diastereomers

RM

Figure 4.2. The possible stereoisomers of (S)-5-methyl-3-(o-tolyl)oxazolidine-

2.4-dione.

Having found out that compound 1 was optically stable under neutral conditions,
interconversion of C-5 (S) to C-5 (R) was tested chemically. The ethanol solution of

compound 1 was prepared with the addition of trifluoroacetic acid (TFA) about 0.4% (v/v)

and injected to HPLC with the same conditions at certain time intervals for analysis. No

change was observed at the end of the 56 h (Figure 4.4).
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In the next experiment, the solution of compound 1 with 0.4% TFA was refluxed at

76 °C in order to be subjected thermal stereoisomerization. The result was negligible at the

end of the 16 h (Figure 4.5).
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Figure 4.3. The chromatograms for thermal stereoisomerization under neutral
condition. The retention time = 53 min.
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Figure 4.4. The chromatograms for stereoisomerization under acidic condition

(0.4% TFA). The retention time = 53 min.

The aim of the all the experiments was to test the stereochemical behavior and optical

stability of the compound 1 at C-5 center. Racemization at C-5 chiral center through keto-

enol tautomerization was expected via solvent effect, however, the results indicated nothing

about it. This result was also valid in acidic environment. The temperature effect on
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racemization was also investigated, however, temperature increase to 76 °C did not cause

any racemization in both neutral and acidic conditions.
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Figure 4.5. The chromatograms for thermal stereoisomerization under acidic

condition (0.4%TFA). The retention time = 53 min.

After the investigations at neutral and acidic environments, the configurational

lability was also tested in basic condition. Yet, it was obvious that the oxazolidinedione

moiety of compound 1 was prone to ring opening reactions at higher pH values. That is the

reason why, lithium diisopropyl amide (LDA) was used as a non-nucleophilic base to avoid

the ring opening of compound 1. The experiment was done according to the procedure that

described in section 3.1.1 by using enantiomerically pure compound 1. Additionally, the

same experiment was done at higher temperatures to compare the results. The details about

reaction time and temperature for enolate formation reaction are given at Figure 4.6.

The results indicated that low temperature was keypoint in the case of retention of

the configuration of compound 1. Racemization on C-5 chiral center occurred even in 20

minutes at -55 °C. However, change in configuration on C-5 chiral center was only 7.9 :
92.1 after the 2 hours at -78 °C.
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Figure 4.6. The chromatograms of enolate formation of compound 1 at given

times.

As far as the effectiveness of enolate formation experiments by LDA are concerned,
working at low temperatures has several advantages such as avoiding the self-condensation
reactions and enhancing the possibility of lithium enolate formation. Here, compound 1 had
single acidic a-hydrogen so regioselectivity not supposed to be sought during the proton
abstraction step which was performed by LDA. The stereodirecting effect might be seen
when enolate met hydrogen source, during the quenching step with ammonium chloride.
Proton capture by the enolate could occur through either Re-face attack and Si-face attack
with different rate or same rate. The reason of obtaining two diastereoisomers with 7.9 : 92.1
ratio might be the result of the proton capture through sterically less hindered site of the
compound 1. However, another possibility that leaded to have the ratio of 7.9 : 92.1 might
be the slight enolate formation at -78 °C. In order to understand the formation rate of enolate
after 2 hours at -78 °C, it was necessary to observe a reaction that will consume the enolate
immediately at given conditions and time. As in described in section 3.1.2, iodine and LDA
were put together into the three necked flask at -78 °C for two hours. The expectation from
the reaction was mainly as follows: The enolates of compound 1 would be formed by LDA
and immediately afterwards those enolates would react with iodine to give 5-iodo-5-methyl-
3-(o-tolyl)oxazolidine-2,4-dione in two stereoisomeric forms that were differ in
configuration on C-5 chiral center because both Re and Si-face nucleophilic attack to iodine

would occur simultaneously.
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The chromatogram shown in Figure 4.7 indicated that compound 1 was not
completely enolized, the peak of the compound 1 was still seen around 53 min with a
predominant ratio with respect to other peaks of the chromatogram. The peaks that seen after
20 min were probably belong to the R and S isomers arising from C-5 center of 5-iodo-5-
methyl-3-(o-tolyl) oxazolidine-2,4-dione. Since the areas of the peaks at 21 min and 23 min

were almost equal to each other, the sterecisomers produced were RM / RP and SP / SM.

w [Bohent)

Absorbance (volts)
e —

A .
J\ S | SR AV AN _ | \,\
14,842 | | 21,282 | | 23,627
lime [minutes)

The area ratio: 21 min / 23 min = 49 34 - 50.66
The area ratio: (21 min + 23 min) / 53 nun =26 86 : 73.14

Figure 4.7. The chromatogram of the reaction 3.1.2.

It was expected that the consumption of the newly formed enolates due to the
iodination reaction would speed up the rate of the enolate formation reaction because while
the enolate was forming, the attack to the iodine would occur. In other words, the product of
the enolate formation reaction was also the reactant of the iodination reaction. The ratio of
the peaks “(21 min + 23 min) / 53 min”, which was equal to 26.86 : 73.14, might be the
proof of previous expectation because an obvious increase in ratio was observed when the
results of the 7.9 : 92.1 (Figure 4.6) and 26.86 : 73.14 (Figure 4.7) were compared. Both

experiments were run at same conditions except the iodine addition.
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Figure 4.8. The illustration of the reactions 3.1.1 and 3.1.2 of compound 1.
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4.1.2. Ring Opening Reaction of Compound 1

As far as the structure of compound 1 was concerned, it was expected that
nucleophilic bases would open the oxazolidinedione ring of the molecule. The observation
in the basic environment for 24 h had confirmed this expectation. Here, the stability of the
oxazolidinedione moiety of compound 1 was studied by using polarimetry. Before the
experiment begins, the specific rotation of the ethanol solution of compound 1 was
measured. Then, saturated sodium hydroxide solution (NaOH) was added about 0.4% (v/v)
into the ethanol solution of compound 1 and put in the cell of polarimetry to detect the optical
behavior of compound 1 periodically in given condition.

Cell length: 100.00 mm
Cell Volume: 8 mL
Temperature: 23.7 °C

Table 4.1. The specific rotation values of compound 1 in neutral and basic
conditions (0.4% NaOH).

Time (min) Pure* 22.5 45 67.5 90 112.5

Specific Rotation
(deg-mL . gfl.dmfl)

e
Time (min) 135 157.5 180 202.5 214.5 219

-96.77 | -96.77 | -274.19 | -370.97 | -290.32 | -225.81

Specific Rotation

(deg'mL-g --dmY) -161.29 | -80.65 | -48.39 0.00 0.00 0.00

*The specific rotation value of the pure compund 1 in neutral condition
- Concentration: 0.0625g/100mL

At the end of the 219 minutes (13140 seconds), the result was also checked by HPLC.
The basic solution in the cell was acidified by 6 M HCI for re-cyclization of oxazolidinedione
ring of compound. Moreover, it was necessary for HPLC detection since the analyte having

higher pH values may cause damage to the chiralpak® IB column (Figure 4.9).
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Absorbance (volts)

(solvent) I,'f \ J'll{ \
A J ] \

Mt N .

5,212 Time (minutes) 61,548 70,138

Figure 4.9. The chromatogram of compound 1 in basic conditions (0.4%

NaOHag)) after 219 min.

Besides the specific rotation values at given times, Table 4.1 provided two more
information about the experiment. The specific rotation value of pure compound 1, which
was -96.77, was also observed after the NaOH addition. It might be assumed that compound
1 could retain its configuration and integrity up to some extent until 45 minutes because it
was clear that the value of -96.77 was not seen after 45 min, but it might be seen before 45
min. The sudden increase in specific rotation values after 45 min might indicate the

domination of the ring opening reaction.

The experiment was repeated in order to cross check and verify the results of the first
experiment and to measure the specific rotation values of compound 1 in shorter periods of

time, every 10 minutes, with increased multiple measurements starting from the 40 minutes.

Itis clear at first glance that Table 4.2 was also consistent with Table 4.1. The specific
rotation value of neutral form was also seen before 50 min. If the specific rotation values of
both experiments were plotted (specific rotation vs. time) and slope of the best fit line drawn
from maximum value to zero was calculated, it was observed that slopes of the both graphs

(Figure 4.10 and 4.11) were almost equal to each other.



Table 4.2. The second trial of optical detection of compound 1 in neutral and

basic conditions (0.4% NaOH).

Time (min) Purer 40 50 60

70

80

Specific Rotation

-88.00
(deg'mL-g t-dm™)

-88.00 | -104.00 | -128.00

Time (min) 90 100 110+ 120

-144.00

130

-152.00

140

Specific Rotation

-128.00
(deg'mL-g 1-dm™)

-96.00 | -112.00 | -48.00

-16.00

0.00++*

*The specific rotation value of pure compund 1 in neutral condition
- Concentration: 0.125g/100mL

** The specific rotation value at 110 min was not submitted into the chart
*** The specific rotation value was submitted into the chart as “0” at 134 min.

100

150

200

-50 -48,39

-100 ® -96,77
-150
-200

-250

Specific Rotation

® -274,19

300 ©.290,32

-350
-370,97

-400 _ _
Time (minutes)

Figure 4.10. The specific rotation vs. time graph of first polarimetric detection (y

= 2,765x - 541,48).

250
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0 20 40 60 80 100 120 140 160
0 0,00
50 16,00
-40
= ® -48,00
= -60
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g -100 ® -104,00
Z ® -112,00
-120
® -128,00 -128,00
-140 144,000
152,00
-160
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Figure 4.11. The specific rotation vs. time graph of second polarimetric
detection (y = 2,7692x - 375,18).

Here, the submitted concentration value into the polarimeter might be open to dispute
because that value belonged to pure solution of compound 1 and thus the concentration
would change as soon as the NaOH was added. In this case, working with optical rotation
values would be more logical because it did not relate with the concentration of the chiral
substance. However, this difference could be insignificant when it was taken into
consideration that the evaluation of the experiment would be done according to the chart of

the results.

It was found out that, the ring opening of compound 1 with NaOH occurred after 40-
50 min range from the beginning of the experiment. The rate constant of the racemization of
ring opened form of compound 1 was found as 2.76 min from the plot of specific rotation

vs. time.

4.1.3. Reduction of Compound 1 with NaBH4

Sodium borohydride (NaBH4) has an important place among the most common and

potent reducing agents. Although more powerful reducing agents exist in literature, it is



40

widely used in the reduction reactions of aldehydes and ketones since it can only reduce
them to alcohols. This makes it an indispensable reducing agent in those reactions where

chemoselectivity is sought.

Absorbance (volts)

A

7,750 Time (minutes) 79,083

Figure 4.12. The chromatogram of pure compound 1 (CSP = AD-H).

The reductive ring opening reaction of compound 1 was conducted according to the
procedure described in section 3.1.3. The reaction was followed by TLC, the spot of starting
material disappeared in 2 h. HCI solution was introduced to the reaction medium as a proton
source for obtaining primary alcohol at the end of the reaction. The enantioselective
detection was performed by HPLC with following conditions that were the best choice for
the products: chiralpak® AD-H column, flow rate 0.5, mobile phase 95:5 (hexane:ethanol).
That is the reason why, pure form of compound 1 (the chromatogram at to, Figure 4.12) was
analysed by HPLC with given conditions above for comparing the products and starting

material.

Although compound 1 has two carbonyls on its backbone, the reduction of compound
1 was expected to occur on C-4 carbonyl instead of C-2 since C-4 carbonyl was more
electron deficient than the other. Here, it was also important to follow the optical lability of
compound since reductive ring opening reaction could occur with racemization through

enolization at C-5 chiral center.
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Q H CH o H CH
0/4»110 I. NaBH, | %) X I \S

HN——C—0——C—CH,—OH
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90.21% 9.79%

Figure 4.13. The formation of 1-hydroxypropan-2-yl o-tolylcarbamate through
reduction of compound 1.

The chromatogram of the product (Figure 4.14) confirmed the TLC analysis. The
peak of the starting material was not observed in chromatogram, so reduction of compound
1 occurred completely. The peaks that observed at 42 min and 54 min were probably the
enantiomeric pairs of the product with the ratio of 9.79 : 90.21, in other words, the reduction

reaction took place with slight racemization at C-5 chiral center.

Absorbance (volts)

Time [minutes) 42 B33

The area ratio: 42 min/ 54 min =979 : 90.21

Figure 4.14. The chromatogram of 1-hydroxypropan-2-yl o-tolylcarbamate.

The NMR spectrum of the product is shown in Figure A.3. The protons of the newly
formed CH2 unit, which was just next to hydroxy unit, were seen around 3.65 ppm as
diastereotopic protons due to the presence of the C-5 chiral center. An ABX type spectrum

was observed for these protons.
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4.2. Determination of Barriers to Rotation of Axially Chiral Quinazolinone

Derivatives

As part of a study to investigate the energy barriers arising from the hindered rotation
about Nsp2-Caryi Single bond, the quinazolinone derivatives 2a-2f and 3a-3f were synthesized

racemically (M and P isomers) according to the procedure described in section 3.2 and 3.3.

COOH e 2a.R=F R,=H
hanol 2b. R =Cl R,=H
ethano - -
+ N—C=—S§ — — 3 2. R;=Br R,=H
reflux N R 24, R;=I Ry,=H
NH; /K i) 2e.R\=CH; R,=H
1 L -
R, R, N s 2f. R|=R,=Benzo
H

Figure 4.15. The synthesis of 2-thioxo-3-(0-aryl)-quinazoline-4-ones (2a-2f).

o [}
3a.R=F R,=H
3b. R|=Cl Rs=H
. N R 1 ")

N Re. S . ? 3c.R=Br R,~H
/K Ry NaOH in methanol / R, 3d.R,=l R,=H
N < N s Je. Rj=CH; R,=H

H

31 R;=R;=Benzo

Figure 4.16. The synthesis of 2-(benzylthio)- 3-(o-aryl)-quinazolin-4-ones (3a-
3f).

As shown in Figure 4.15 and Figure 4.16, the restricted rotation is expected in
compounds due to the attached substituent at N-3 position of quinazlinone moiety. Factors
such as solvent, electronic and steric effects will influence this rotation. Among them, the
steric effect is the most distinguished one since the others are considered as common effects
for all synthesized compounds that will be studied. Thus, the —ortho substituents of 2a-2f
and 3a-3f and the exocyclic oxygen of quinazolinone moiety or the other adjacent presences

have critical importance in this investigation.

Since the compounds 2a-2f and 3a-3f were synthesized racemically, the atropisomers

of each compound were resolved micropreparatively by enantioselevtive HPLC. The
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of experiments. Working at lower temperature could be an option but it was known that all
compounds except 2a and 3a were stable around 75 °C. Thus, the thermal racemization of
2d and 3d were not performed since the barriers of them were expected to be greater than
chloro and bromo substituted both 2-thioxo and benzylthio derivatives. Later, the barrier of
3d was estimated by assuming a linear relationship of the activation barriers with the Van

Der Waals radii of halogens.

The solutions of each enantiomer of 2a, 2b, 2c, 2e, 2f, 3a, 3b, 3c, 3e, 3f were kept in
a constant temperature bath and the conversion of one atropisomer to another of all
compounds were followed periodically until equilibrium. Those compounds that were
decomposed before the equilibrium were followed until decomposition. At certain time
intervals, the analyte was removed from constant temperature bath to cool down at room
temperature by using ice bath and approximately 30 uL sample of analyte was withdrawn
for HPLC analysis. As soon as the sample was injected for analysis, the remained analyte
that was in the conical vial was re-put to the reflux setup for continuity of thermal
racemization. At the end, the collected data were used to calculate the energy barrier. The
ratio of atropisomers that were obtained from chromatograms were used in Equation 1.6 to

[M] - [M] eq

—) vs. time gave first order rate
M]o—[Mleq

plot it with respect to time. The slope of the ln(

constants for interconversion. By putting the rate constants into the Eyring Equation
(Equation 1.7) with other constants and variables, the rotational barriers of compounds were

calculated.

The progress of the thermal racemization of each compound can be found from page

44 onwards.
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5,917
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38,250

Figure 4.17. The chromatogram of 2a after resolution (99.57 : 0.43).

Time (s)

1800 (0.5 h) 3600 (1 h) 5400 (1.5 h) 7200 (2 h)
y\ \ | ﬂ
[ |
k ’ I I
Il l
Il |
‘\ [\ [ Ii ‘.
| \ A II" ;ﬂl
_.J il i . J - /\ 1 N~/ A\ - _ \ W, \
Area* 91.25:8.75 82.57 :17.43 76.58 : 23.42 71.95:28.05
Time (s) 9000 (2.5 h) 10800 (3 h) 12600 (3.5 h) 14400 (4 h)
]
i f
|| |": |
h | \'ﬂ I
| | " ‘ |
[ |II } I" | llI A | \i
i !\‘ ff"\\ | l'l,l | I'\\ | I‘l, f\"\ | I‘il |‘|[ I'\\
A I\ [ AN [ I\ [ [
NN N N NN N
Area* 69.35:30.65 65.90:34.10 61.47 : 38.53 59.11 : 40.89
Time (s) 16200 (4.5 h) 18000 (5 h) 27000 (7.5 h)
I
| |III" I!'\
N 2 Y N A R R AN AN
Area* 58.72:41.28 57.18 :42.82 50.38 : 49.62
*The area ratio of two enantiomers

Figure 4.18. The thermal interconversion process for compound 2a (70 °C). The

retention times of the enantiomers were 39 and 52 min.
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The data obtained from the Figure 4.18 were put into the Equation 1.6 to plot its chart
with respect to time for calculating the 2k. Here; [M]o=100 since the starting compound was
enantiomerically 100% pure, [M]eq=50 since the concentrations of enantiomers were equal
at the equilibrium at 70 °C (343 K).

The calculation for 0.5 h was shown below as an example,

In (M) _ okt

M]o - [M]eq
| (91.25 — 50) — 0192
"Too=50/)"

Except the data that gave rise to deviation from the linear range, all calculated values

were added to the chart.

Table 4.4. Data for the plot shown in Figure 4.19 (compound 2a).

Time (s) The result of In (—[M]_ Mleq )
[M]o—[Mleq
1800 (0.5 h) -0.192
3600 (L h) 20.429
5400 (1.5 h) 20.632
7200 (2 h) 0.823
9000 (2.5 h) 20.949
10800 (3h) 11,146
12600 (3.5 h) 1472
16200 (4.5 h) -1.746
18000 (5h) 1,941
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Figure 4.19. The plot of the In Mo [Mloe vs. time at 343 K for 2a.
0~ eq

Figure 4.19 indicated that the slope of the line which was -2k was equal to -1x10*
s'1: so the rate constant for the racemization reaction was equal to 5x10° s, This value was
put into Eyring Equation (Equation 1.7) with other constants and variables to calculate the

activation energy of rotational barrier of compound 2a.

kb' T)

AG* = RT1 (
G "k.n

R=8.3143 J/mol.K
T=343 K
kp=1,3805.10%J/K
h=6,6256.1034).s

k=5x10°s?

Thus, AG*= 112.65 kJ/mol for compound 2a at 70 °C (343 K).
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{solvent)

Absorbance (volts)

3,500 Time [minutes)

Figure 4.20. The chromatogram of 2b after resolution (100 : 0).

The data obtained from the Figure 4.21 were put into the Equation 1.6 to plot its chart
with respect to time for calculating the 2k. Here; [M]0=100 since the starting compound was
enantiomerically 100% pure, [M]eq=50 since the concentrations of enantiomers were equal
at the equilibrium at 110 °C (383 K).

The calculation for 6 h was shown below as an example,

In (%) - okt

[M]O - [M]eq
(90.58 — 50) PP
"Too=50 /"

Except the data that gave rise to deviation from the linear range, all calculated values

were added to the chart.

Table 4.5. Data for the plot shown in Figure 4.22 (compound 2b).

Time (s) The result of In (—[M]_ [M]eq)
[M]o—[M]eq
21600 (6 h) -0.2087
43200 (12 h) -0.5290
86400 (24 h) -1.1822




Time (s) 21600 (6 h) 43200 (12 h) 64800 (18 h)
Area* 90.58 : 9.42 79.46 : 20.54 39.18 : 60.82
Time (s) 86400 (24 h) 108000 (30 h) 136800 (38 h)
Area* 65.33 : 34.67 21.26 : 78.24 decomposed !
Time (s) 151200 (42 h) 172800 (48 h)
Area* decomposed ! decomposed !

*The area ratio of two enantiomers

Figure 4.21. The thermal interconversion process for compound 2b (110 °C).

decomposition product was 54 min.

nnnnnnnnn

1111111

/ Mlo-[M]g)

[ ([M]-[ M)

Figure 4.22. The plot of the In (

Time (5)

[M]O_ M]eq

The retention times of the enantiomers were 42 and 52 min. The retention time of the

w> vs. time at 383 K for 2b.
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Figure 4.22 indicated that the slope of the line which was -2k was equal to -1x10°
s'!; so the rate constant for the racemization reaction was equal to 5x10° s*. This value was
put into Eyring Equation (Equation 1.7) with other constants and variables to calculate the

activation energy of rotational barrier of compound 2b.

kp. T
AG* = RT1 ( )
G "k.n

R=8.3143 J/mol.K
T=383 K

ko= 1,3805.10%J/K
h=6,6256.10°4).s

k=5x10° s?

Thus, AG*= 133.47 kJ/mol for compound 2b at 110 °C (383 K).

(solvent)

Absorbance (volts)

[
3 F 57 557

5,743 Time (minutes) 57,557

Figure 4.23. The chromatogram of 2c after resolution. (0 :100)



Time (s) 21600 (6 h) 50400 (14 h) 108000 (30 h)
Area* 0:100 0.31 : 99.69 4.22:95.78
Time (s) 129600 (36 h) 151200 (42 h) 172800 (48 h)
Area*® 6.45:93.55 7.38:92.62 3.84:96.16
Time (s) 205200 (57 h) 230400 (64 h) 252000 (70 h)
Area* 3.68:96.32 7.3:92.7 7.82:92.18
Time (s) 280800 (78 h) 309600 (86 h) 331200 (92 h)
Area*® 8.08:91.92 7.69:92.31 8.16:91.84
*The area ratio of two enantiomers

Figure 4.24. The thermal interconversion process for compound 2c¢ (110 °C). The

retention times of the enantiomers were 48 and 56 min.

o1

The data obtained from the Figure 4.24 were put into the Equation 1.6 to plot its chart

with respect to time for calculating the 2k. Here; [M]0=100 since the starting compound was

enantiomerically 100% pure, [M]eq=50 since the concentrations of enantiomers were equal

at the equilibrium at 110 °C (383 K).

Until 30 h almost no change had been observed, so the ratios of 6 h and 14 h did not

be added to the chart. The calculation for 30 h was shown below as an example,

[M]_ [M]eq )
In ([M]o—[MJeq

—2kt ; so ln(

95.78— 50
100-50

) = —0.2087
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Unfortunately, it was impossible to obtain a linear range by using the data obtained

from the thermal interconversion process for compound 2c. Thus, the barrier calculation of

compound 2c could not be done.

Table 4.6. Data for the plot shown in Figure 4.25 (compound 2c).

Time (s) ([M]— [M]eq>
The result of In Mlo—Mlog
108000
-0,088
(30 h)
129600
-0,1
(36 h) 0.138
151200
-0,1
(42 h) 0.160
172800
(48 h) 0,080
205200
-0,077
(57 h) 0.0
230400
-0,1
(64 h) 0.158
252000
-0,17
(70 h) 0.170
0
0 50000 100000 150000 200000 250000 300000
-0,02
T3-0,04
=
=0 -0,080 0077
= 0,08 -0,088 ° °
= °
2 01
=)
g-o,u -0,138
E_O'l4 ¢ -0,160 -0,158
-0,16 ° ® 0,170
°
018 Time (s)
[M]- [M]eq

Figure 4.25. The plot of the In (

[M]O _[M]eq

) vs. time at 383 K for 2c.
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Absorbance (volts)

(solvent)

5,550

Time (minutes)

37,667

Figure 4.26. The chromatogram of 2e after resolution (99.52 : 0.48).

Time (s) 21600 (6 h) 43200 (12 h) 64880 (~18 h)
“_fn\\\\mj\h_Jf_‘__w_ AJ/x\\mwf\i,—thmhm__ {i\\h_/\u/r
Area*® 84.17:15.83 78.70: 21.30 66.41 : 33.59
Time (s) 86400 (24 h) 108000 (30 h)
_]\ — | | \ .
Area* decomposed ! decomposed !
*The area ratio of two enantiomers

Figure 4.27. The thermal interconversion process for compound 2e (110 °C). The

retention times of the enantiomers were 39 and 45 min. The retention time of the

decomposition product was 48 min.
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The data obtained from the Figure 4.27 were put into the Equation 1.6 to plot its chart
with respect to time for calculating the 2k. Here; [M]0=100 since the starting compound was
enantiomerically 100% pure, [M]eq=50 since the concentrations of enantiomers were equal
at the equilibrium at 110 °C (383 K).

The calculation for 6 h was shown below as an example,

In (M) _ okt

M]o - [M]eq
(84.17 — 50) — —0.2087
"Too=50/)"

Except the data that gave rise to deviation from the linear range, all calculated values

were added to the chart.

Table 4.7. Data for the plot shown in Figure 4.28 (compound 2e).

Time (s) The result of In (—[M]_ [M]eq)
[M]o—[M]eq
21600 (0.5 h) 20,371
43200 (12 h) 20,546
64880 (~18 h) 11,105
. 0,000,300
= 0 "-.,20000 40000 60000 80000
gc -0,200 10571
< -0,400 ®.. 0546
0,600 el ®
2 0,800
= y =-2E-05x "-_.L 105
T 1000 R? = 0,9592 °
[
= -1,200
Time (s)
[M]— [M]eq

Figure 4.28. The plot of the In ( ) vs. time at 383 K for 2e.

[M]O _[M]eq
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Figure 4.28 indicated that the slope of the line which was -2k was equal to -2x107°
s'!; so the rate constant for the racemization reaction was equal to 1x10°s™. This value was
put into Eyring Equation (Equation 1.7) with other constants and variables to calculate the

activation energy of rotational barrier of compound 2e.

kp. T
AG* = RT1 ( )
G "k.n

R=8.3143 J/mol.K
T=383 K
kp=1,3805.102J/K
h=6,6256.104.s

k= 1x10°s?

Thus, AG*= 133.26 kJ/mol for compound 2e at 110 °C (383 K).

Absorbance (volts)

\ (solvent)
Y-

L ol Ll

6,250 21,417 Time (minutes)

Figure 4.29. The chromatogram of 3a after resolution (98.39 : 1.61).



Time (s) 1800 (0.5 h) 3600 (1 h) 5400 (1.5 h) 7200 (2 h)
Area* 90.62 : 9.38 82.50:17.50 76.55:23.45 71.55:28.45
Time (s) 9000 (2.5 h) 10800 (3 h) 12600 (3.5 h) 14400 (4 h)

n I
{1 !I||\
I I A
! \ |ﬂ'1 ( .‘I [ I‘.
B [\ |
L AN R N N Y B A
Area* 67.64 : 32.36 63.94 : 36.06 61.74 : 38.26 59.50 : 40.50
Time (s) 16200 (4.5 h) 18000 (5 h) 19800 (5.5 h) 21600 (6 h)
1
}\ "\ |
[l 1
{
' i ili | I
i 1 N
_ AN | L I\ U N
Area* 57.26 :42.74 56.45 : 43.55 5527 :44.73 54.83:45.17
Time (s) 23400 (6.5 h) 27000 (7.5 h) 31500 (8h 45min) 36000 (10 h)
| i:i |
; i " |
| .!ll f;l | |l
[ 1 I\ {
I :H'._ & '|
| Iil | ill l I‘
U J L\ AAN
Area* 54.268 : 45.74 52.59 : 4741 51.97 : 48.03 51.05:48.95
*The area ratio of two enantiomers

Figure 4.30. The thermal interconversion process for compound 3a (75 °C). The

The data obtained from the Figure 4.30 were put into the Equation 1.6 to plot its chart
with respect to time for calculating the 2k. Here; [M]o= 98.39 since the starting compound

retention times of the enantiomers were 21 and 27 min.

56
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could not resolved 100% pure, [M]eq= 50 since the concentrations of enantiomers were equal
at the equilibrium at 75 °C (348 K).

The calculation for 0.5 h was shown below as an example,

In (M) = —2kt

M]O - [M]eq
(90.62 — 50) o174
"9839-50/"

Except the data that gave rise to deviation from the linear range, all calculated values
were added to the chart.

Table 4.8. Data for the plot shown in Figure 4.31 (compound 3a).

Time (s) The result of In (—[M]_ (Mleq )
[M]O_[M]eq
1800 (0.5 h) 20,174
3600 (1 h) 20,397
5400 (L5 h) 20,599
7200 (2 h) 20,308
9000 (2.5 h) 11,008
10800 (3h) 71,244
12600 (3.5 h) 11,418
14400 (4 h) -1,627
16200 (4.5 h) 1,896
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®
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Figure 4.31. The plot of the In ([[M] ) vs. time at 383 K for 3a.

(Vi eq

Figure 4.31 indicated that the slope of the line which was -2k was equal to -1x10*
s'1; so the rate constant for the racemization reaction was equal to 5x10° sX. This value was
put into Eyring Equation (Equation 1.7) with other constants and variables to calculate the

activation energy of rotational barrier of compound 3a.

kb' T)

# _
AG" = RTIn(k.h

R=8.3143 J/mol.K
T=348 K
kp=1,3805.10%J/K
h=6,6256.10°4).s

k= 5x10°s1

Thus, AG*= 114.30 kJ/mol for compound 3a at 75 °C (348 K).
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Figure 4.32. The chromatogram of 3b after resolution (100 : 0).

The data obtained from the Figure 4.33 were put into the Equation 1.6 to plot its chart
with respect to time for calculating the 2k. Here; [M]0=100 since the starting compound was
enantiomerically 100% pure, [M]eq=50 since the concentrations of enantiomers were equal
at the equilibrium at 110 °C (383 K).

The calculation for 6 h was shown below as an example,

In (M) _ okt

M]O - [M]eq
(93.94 — 50) 0129
"oo=50 /"

Except the data that gave rise to deviation from the linear range, all calculated values

were added to the chart.
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Time (s) 21600 (6 h) 43200 (12 h) 68400 (19 h) 86400 (24 h)
Area® 93.94 : 6.06 89,231 :10.77 83.53: 1647 80.41 : 19.59
Time (s) 129600 (36 h) 151200 (42 h) 172800 (48 h) 194400 (54 h)
Area* 77.42 :22.58 T0.84 : 29.16 68.78 : 31.22 65.87:34.13
Time (s) 216000 (60 h) 237600 (66 h) 259200 (72 h) 280800 (78 h)
Area® 64,11 : 35.89 62.46: 37.54 60,77 : 39,23 59,68 1 40.32
Time (s) 302400 (84 h) 324000 (90 h) 345600 (96 h) 367200 (102 h)
Area® 57.72:42.28 56,83 :43.17 56.15: 43,85 56.11:43.89
Time (s) 302400 (109 hy  |429420(119h]1 Tmin) 496500 (1358 h) 538200 (149.5 h)
Area® 55.18 : 44.82 53.90 : 46.10 56.20 : 43.80 53.40 : 46.60
*The area ratio of two enantiomers

Figure 4.33. The thermal interconversion process for compound 3b (110 °C).
The retention times of the enantiomers were 28 and 32 min.
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Table 4.9. Data for the plot shown in Figure 4.34 (compound 3b).

Time (s) The result of In (—[M]_ [M]eq)
[M]o—[M]eq
21600 (6 h) -0.129
43200 (12 h) -0.243
68400 (19 h) -0.400
86400 (24 h) -0.497
151200 (42 h) -0.875
172800 (48 h) -0.979
194400 (54 h) -1.148
216000 (60 h) -1.265
o,ooé—r’f@?_o!”q
0 50000 100000 150000 200000
®. 0,243
-0,200
.'.
< ..-0,400
S -0,400 '®.-0,497
2 e,
2 .0,600 -
s 0,800 .,20,875
% @ 0,979
= -1,000 T
= y = -6E-06x <1,148
1200 R? =0,9993 '--._._1,255
? .
-1,400
Time (s)
M]- [M]eq

Figure 4.34. The plot of the In (

—

M]o—[M]eq

250000

) vs. time at 383 K for 3b.

Figure 4.34 indicated that the slope of the line which was -2k was equal to -6x10®

s'1; so the rate constant for the racemization reaction was equal to 3x10° sX. This value was

put into Eyring Equation (Equation 1.7) with other constants and variables to calculate the

activation energy of rotational barrier of compound 3b.
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kp. T
AG* = RT1 ( )
G "k.n

R=8.3143 J/mol.K
T=383 K
kp=1,3805.102J/K
h=6,6256.1034.s

k= 3x10°s?

Thus, AG*= 135.09 kd/mol for compound 3b at 110 °C (383 K).
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Figure 4.35. The chromatogram of 3c after resolution (0.22 : 99.78).

The data obtained from the Figure 4.36 were put into the Equation 1.6 to plot its chart
with respect to time for calculating the 2k. Here; [M]0=100 since the starting compound was
enantiomerically 100% pure, [M]eq=50 since the concentrations of enantiomers were equal
at the equilibrium at 110 °C (383 K).
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Time (s) 21600 (6 h) 43200 (12 h) 64800 (18 h) 122400 (34 h)
Area* 1.80:98.20 3.40:96.60 4.73 :95.27 8.47:91.53
Time (s) 151200 (42 h) 172800 (48 h) 205200 (57 h) 230400 (64 h)
Area* 10.25 : 89.75 11.37 : 88.63 13.25:86.75 14.59 : 85.41

252000 (70 h) 280800 (78 h) 309600 (86 h) 331200 (92 h)

G

Area* 15.84 : 84.16 16.81 : 83.19 18.38 : 81.62 19.35: 80.65
*The area ratio of two enantiomers

Figure 4.36. The thermal interconversion process for compound 3c (110 °C). The

retention times of the enantiomers were 66 and 72 min.

The calculation for 6 h was shown below as an example,

In (M) — okt

[M]O - [M]eq
(98.20 — 50) 0037
"oo=50 /"

Except the data that gave rise to deviation from the linear range, all calculated values

were added to the chart.
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Table 4.10. Data for the plot shown in Figure 4.37 (compound 3c).

Time (s) (—[M]_ Mleq )
The result of In Mlo=[Mleg
21600 (6 h) -0.037
43200 (12 h) -0.070
64300 (18 h) -0.099
122400 (34 h) -0.186
151200 (42 h) -0.229
172800 (48 h) -0.258
205200 (57 h) -0.308
230400 (64 h) -0.345
252000 (70 h) -0.381
280800 (78 h) -0.410
0,00089% 37
0 g, 50000 100000 150000 200000 250000 300000
0590 10,070 “9-1:0,099
3 -0,100 .
< 0,150 20,186
% -0,200 0,229
- "®.-0,258
S -0,250 e
= "'-._—0,308
= 0300 e 0345
= 0,350 y = -1E-06x I.I."—g@gl -0,410
-0,400 R?=0,999 .-
-0,450
Time (s)

Figure 4.37. The plot of the In (w) vs. time at 383 K for 3c.
[M]O_[M]eq

Figure 4.37 indicated that the slope of the line which was -2k was equal to -1x10®

s'1: so the rate constant for the racemization reaction was equal to 5x107 sX. This value was
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put into Eyring Equation (Equation 1.7) with other constants and variables to calculate the

activation energy of rotational barrier of compound 3c.

kb- T)

# _
AG" = RTln(k.h

R=8.3143 J/mol.K
T=383 K
kp=1,3805.102J/K
h=6,6256.10°4).s

k= 5x10" st

Thus, AG*= 140.80 kJ/mol for compound 3c at 110 °C (383 K).

:i (solvent)

36.257

Absorbance (volts)

.

5,540 36,257 Time (minutes)

Figure 4.38. The chromatogram of 3e after resolution.

The data obtained from the Figure 4.39 were put into the Equation 1.6 to plot its chart
with respect to time for calculating the 2k. Here; [M]0=100 since the starting compound was
enantiomerically 100% pure, [M]eq=50 since the concentrations of enantiomers were equal
at the equilibrium at 110 °C (383 K).



Time (s) 21600 (6 h) 43200 (12 h) 68400 (19 h)
Area* 88.12:11.88 81.95: 18.05 74.07 : 25.93
Time (s) 86400 (24 h) 129600 (36 h)

Area* 69.05 : 30.95 61.10 : 38.90

*The area ratio of two enantiomers

Figure 4.39. The thermal interconversion process for compound 3e (110 °C). The

retention times of the enantiomers were 36 and 40 min.

The calculation for 6 h was shown below as an example,

(1 )

[M]O - [M]eq
88.12 — 50

n( 100 — 50 )

66

Except the data that gave rise to deviation from the linear range, all calculated values

were added to the chart.
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Table 4.11. Data for the plot shown in Figure 4.40 (compound 3e).

Time (S) ([M]_ [M]eq)
The result of In Mlo—(Mlug
21600 (6 h) -0.271
43200 (12 h) -0.448
68400 (19 h) -0.731
86400 (24 h) -0.965
129600 (36 h) -1.505
0,004§20
0 .. 20000 40000 60000 80000 100000 120000 140000
-0,200
0,271 @
= ... -0,448
2 .0,400
=3 .
< 0,600 0,731
= .
_§ 0800 0,965
. -1,000 L.
=
= -1,200
y =-1E-05x
1,400 R? =0,9959 "-..1,505
o
-1,600

Time (s)

[M] - [M]eq

) vs. time at 383 K for 3e.
[M]o—[Mleq

Figure 4.40. The plot of the In (

Figure 4.40 indicated that the slope of the line which was -2k was equal to -1x107°
s'1; so the rate constant for the racemization reaction was equal to 5x10° sX. This value was
put into Eyring Equation (Equation 1.7) with other constants and variables to calculate the

activation energy of rotational barrier of compound 3e.

kb' T)

# _
AGY = RTln(k.h

R=18.3143 J/mol.K



T=383K
kp=1,3805.102J/K
h=6,6256.1034).s

k=5x10°s?

Thus, AG*= 133.47 kd/mol for compound 3e at 110 °C (383 K).

|
[’ (solvent)
.{l

Absorbance (volts)

5,343 Time (minutes)

38,965

Figure 4.41. The chromatogram of 3f after resolution (0 : 100).
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The data obtained from the Figure 4.42 were put into the Equation 1.6 to plot its chart
with respect to time for calculating the 2k. Here; [M]0=100 since the starting compound was

enantiomerically 100% pure, [M]eq=50 since the concentrations of enantiomers were equal

at the equilibrium at 110 °C (383 K).



Time (s) 21600 (6 h) 43200 (12 h) 66600 (18.5 h) 86400 (24 h)
|
';. |‘!| :. Iﬁ:
[ I\ . I
|| ill:l | !;.I I! I |:I
/ A JIRN N ) I' - _.'l I"\_
Area* 2.68 :97.32 5.63:94.37 8.80:91.20 11.13 : 88.87
e __________________________________________________________________|
Time (s) 108000 (30 h) 129600 (36 h) 154800 (43 h) 172800 (48 h)
I!' Eliul ;‘::
I. ] I'I
| .II | II | |i
Area* 13.63 : 86.37 16.04 : 83.96

18.45:81.55

19.96 : 80.04

Time (8)

205200 (57 h)

243000 (67.5 h)

259200 (72 h)

320400 (89 h)

A

Area*

23.05:76.95

37.35:62.65

28.06 : 71.94

32.47:67.53

Time (s)

354600 (98.5 h)

406800 (113 h)

505800 (140.5 h)

592200 (164.5 h)

Area*

40.13 : 59.87

*The area ratio of two enantiomers

40.07 : 59.93

46.27 : 57.73

49.79 : 50.21

Figure 4.42. The thermal interconversion process for 3f (110 °C). The retention

times of the enantiomers were 26 and 39 min.
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The calculation for 6 h was shown below as an example,

[M] - [M]eq> _
‘“([M]o— M) =

(88.12 — 50
n

100 — 50 ) =—0271

Except the data that gave rise to deviation from the linear range, all calculated values

were added to the chart.

Table 4.12. Data for the plot shown in Figure 4.43 (compound 3f).

Time (s) The result of In (—[M]_ Mleq )
[M]o—[Mleq
21600 (6 h) 20.054
43200 (12 h) -0.120
66600 (18.5 h) 20.194
86400 (24 h) 20.252
108000 (30 h) 20.318
154800 (43 h) 20.387
172800 (48 h) -0.460
205200 (57 h) 0511
259200 (72 h) 20.821
320400 (89 h) 11,048

Figure 4.43 indicated that the slope of the line which was -2k was equal to -3x10°®
s'!: so the rate constant for the racemization reaction was equal to 1.5x10® s*. This value
was put into Eyring Equation (Equation 1.7) with other constants and variables to calculate

the activation energy of rotational barrier of compound 3f.

kb' T)

AG* = RT1 (
G "k.n

R=8.3143 J/mol.K

T=383 K
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kp=1,3805.102J/K
h=6,6256.10°4).s

k= 1.5x10% s1

Thus, AG*= 137.30 kJ/mol for compound 3f at 110 °C (383 K).

0.008.Q00_-0,054

0 O"i"‘-zosoooo 100000 150000 200000 250000 300000 350000
. . a-0,252
0,200 0,194 0%

- ‘ "..@-0,318

= .. g-0,387

= I

= -0,40C ".@ -0,460

= -0,400 e

E ..'._/.I

-~ » 0,616

& -0,600

= ~-.-0,821

S -0,800 5

= y = -3E-06x _

- R? =0,9945 -
-1,000 41,048
-1,200 _

Time (s)

[M]— [M]eq

Figure 4.43. The plot of the In (m

) vs. time at 383 K for 3f.

The calculated barriers to rotation of all compounds were listed in Table 4.13 with
the details about preferred solvent in which racemization took place and temperature at
which racemization had been performed.

Table 4.13. The calculated energy barriers of listed compounds.

Compound R Solvent Temperature (K k (st AG* (kJ/mol

2a F Ethanol 343 5x10° 112.65
2b Cl Toluene 383 5x106 133.47
2C Br Toluene 383 - -

2e CHs Toluene 383 1x10° 133.26
3a F Ethanol 348 5x10° 114.30
3b Cl Toluene 383 3x10% 135.09
3c Br Toluene 383 5x107 140.80
3e Benzo Toluene 383 5x106 133.47
3f CH3 Toluene 383 1.5x10® 137.30
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As far as the 2-thioxo-3-(o-aryl)-quinazoline-4-ones and 2-(benzylthio)- 3-(o-aryl)-
quinazolin-4-ones were examined individiually, it was seen that the activation energies for
enantiomeric interconversion were related with the relative sizes of the ortho substituents.
Compounds 2a and 3a had the smallest energy barriers to rotation due to the smaller Van
Der Waals radii value with respect to others. That is the reason why, their thermal
interconversion performance could be conducted at 70 °C - 75 °C. On the other hand;
compounds 2b, 2c, 2d, 2e, 2f, 3b, 3c, 3d, 3e, 3f were also investigated at 75 °C but negligible
progress was observed in thermal interconversion of other compounds at that temperature.

Accordingly, it was decided to examine them at 110 °C.

Working at 110 °C had some difficulties and drawbacks during the experiment.
Firstly, the CSPs had to be proper for those eluents where toluene was used as a solvent. The
other difficulty was the ratio of the peaks in chromatogram when eluent contained toluene
because the area of the solvent peak (toluene) was so huge in chromatogram and accordingly
the area of oncoming peaks was reduced due to this reason.

The area of each peak in the chromatogram was directly proportional to the
concentration. As thermal racemization progressed at 110 °C, the peaks of some enantiomer
of compound were disappeared. Most probably the reason was the decomposition of the
regarding compound. Yet; if the peak of any enantiomer had been more dominant against
the solvent peak of toluene, more data would had been collected from the HPLC analyses.
This former remark was valid for all compounds, especially compound 2b and 2e since full
decomposition was observed after a few analyses. Moreover, the decomposition of those
compounds were probably started by the moment that thermal racemization was started. As
far as the chromatograms of 2b and 2e were concerned; the peaks of decomposed product,
that was seen as a single peak after few analyses, had been seen together with the peak of
newly formed enantiomer since the beginning of the analyses. The retention time of those
peaks had never changed. This might point to the following: Newly formed enantiomer and
decomposition product had been formed together and after a while the two peaks of
enantiomeric pairs were disappeared because only decomposition product existed in the
medium. Although the data were collected from the chromatograms of 2b and 2e, the
calculated energy barrier to rotation of those compounds were unreliable because the

interconversion of one enantiomer into the other occurred together with the decomposition.
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Figure 4.44. The plot of the barriers to rotation vs. Van Der Waals radii for

compounds 3a, 3b, 3c.
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5. CONCLUSIONS

Axially chiral (S)-5-methyl-3-(o-tolyl)oxazolidine-2,4-dione was synthesized as a
single enantiomer and the racemization at C-5 chiral center of the compound was tested in
neutral, acidic and basic environments. Compound 1 was found to be stable under neutral
and acidic conditions as a result of investigations within more than 24 hours. The optical
lability of compound 1 under basic condition was studied in two experiments. The first
experiment was performed by non-nucleophilic base, LDA, and it was observed that
compound 1 could not retain its configuration. The enolization reactions of compound 1
were examined both at -55 °C and -78 °C. The enolization occurred slightly at -78 °C with
the ratio of 92.1 : 7.9, but complete racemization was observed at -55 °C. The iodination
reaction verified the result. In the presence of iodine, the products of partial enolization

which were iodo- derivative of compound 1 were formed with equal ratios.

In the scope of the second experiment under basic condition, the ring opening
reaction was performed by adding 0.4% (v/v) NaOH into the ethanol solution of compound
1. The results indicated that compound 1 could retain its integrity until 40-50 min range in
basic environment. The specific rotation around 70 min was considered to be the beginning
of racemization of the ring opening product. The specific rotation values that were obtained
from polarimetry were plotted with respect to time in order to find out the rate constant of
the racemization at C-5 center of ring opening form of compound 1. The plot showed a linear

relationship with time as a result of first order kinetics.

The ring opening reaction of compound 1 was also performed through a reductive
ring opening reaction where NaBH4 was used as a reducing agent. Although the compound
1 had two carbonyl groups in its structure, the C-4 carbonyl which was more electropositive,
was reduced to primary alcohol by NaBHa. The analyses indicated that reduction reaction
occurred with slight racemization because the ratio of two enantiomers of the products was
equal to 90.21 : 9.79.

Axially chiral 2-thioxo-3-(0-aryl)-quinazoline-4-ones and 2-(benzylthio)- 3-(o-aryl)-

quinazolin-4-ones were synthesized racemically. Having resolved each compound by
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Figure A.1. 400 MHz *H NMR spectrum of (S)-5-methyl-3-(o-tolyl)oxazolidine-2,4-dione (1) in CDCls.
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Figure A.2. 100 MHz *C NMR spectrum of (S)-5-methyl-3-(o-tolyl)oxazolidine-2,4-dione (1) in CDCls.
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400 MHz *H NMR spectrum of 1-hydroxypropan-2-yl o-tolylcarbamate in CDCls.
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Figure A.4. 400 MHz *H NMR spectrum of 3-(2-fluorophenyl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2a) in DMSO-ds.
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Figure A.5. 100 MHz 3C NMR spectrum of 3-(2-fluorophenyl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2a) in DMSO-ds.
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Figure A.6. 400 MHz *H NMR spectrum of 3-(2-chlorophenyl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2b) in DMSO-ds.
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Figure A.7. 100 MHz 3C NMR spectrum of 3-(2-chlorophenyl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2b) in DMSO-ds.
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Figure A.8. 400 MHz *H NMR spectrum of 3-(2-bromophenyl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2c) in DMSO-ds.
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Figure A.10. 400 MHz *H NMR spectrum of 3-(2-iodophenyl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2d) in DMSO-ds.
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Figure A.11. 100 MHz 3C NMR spectrum of 3-(2-iodophenyl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2d) in DMSO-ds.
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Figure A.12. 400 MHz *H NMR spectrum of 2-thioxo-3-(o-tolyl)-2,3-dihydroquinazolin-4(1H)-one (2€) in DMSO-ds.
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Figure A.13. 100 MHz 3C NMR spectrum of 2-thioxo-3-(o-tolyl)-2,3-dihydroquinazolin-4(1H)-one (2e) in DMSO-ds.
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Figure A.14. 400 MHz *H NMR spectrum of 3-(naphtalen-1-yl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2f) in DMSO-ds.
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Figure A.15. 100 MHz *3C NMR spectrum of 3-(naphtalen-1-yl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (2f) in DMSO-ds.
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Figure A.16. 400 MHz *H NMR spectrum of 2-(benzylthio)-3-(2-fluorophenyl)quinazolin-4(1H)-one (3a) in CDCla.
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Figure A.17. 100 MHz 3C NMR spectrum of 2-(benzylthio)-3-(2-fluorophenyl)quinazolin-4(1H)-one (3a) in CDCls.
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Figure A.18. 400 MHz *H NMR spectrum of 2-(benzylthio)-3-(2-chlorophenyl)quinazolin-4(1H)-one (3b) in CDCls.
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Figure A.19. 100 MHz *C NMR spectrum of 2-(benzylthio)-3-(2-chlorophenyl)quinazolin-4(1H)-one (3b) in CDCls.
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Figure A.21. 100 MHz 3C NMR spectrum of 2-(benzylthio)-3-(2-bromophenyl)quinazolin-4(1H)-one (3c) in CDCls.



;2000
;1900
;lBUU
;1?00
;1600
;1500
;1400
;1300
;1200
;1100
;lUUU
;900

;EUU

;700

;600
;SUU
;400
;300
;200
;100

100

h
k i J
9 a
| NS
_z I
m N s L2000
n f
a e
1500
b d i j h ec b,f d
C ~1000
d-chloroform 0
[ \'ll ) | 1500
| I 4'|'|| I \'|, N
wo LU MM A M i
L2000 _}J"I. | I‘u‘l YRy \L ML - __,F"'”‘ l.‘/l I‘U' \ WI'"\JJ M V_,L,‘ ‘.\J‘u‘.&r .,
1500 T T T T T T T T
L 7.45 7.40 7.35 7.30 7.25 7.20
f1 m
L1000 (ppm)
k g m n I T
n 500
JL'H _ ,,,,Jnur‘._ _ A.HJHUHL ,)‘ |u|'|l_ _,7.&:“']'._ __U
T T T T T T T T T T T T T T T T T
83 82 81 80 79 78 77 76 75
f1 (ppm)
B, S - — A S &
T T T T T T T T T T T T T T T T T T
13 12 11 10 9 8 5 4 3 2 1 0 -1

6
f1 (ppm)

Figure A.22. 400 MHz *H NMR spectrum of 2-(benzylthio)-3-(2-iodophenyl)quinazolin-4(1H)-one (3d) in CDCla.
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Figure A.23. 100 MHz 3C NMR spectrum of 2-(benzylthio)-3-(2-iodophenyl)quinazolin-4(1H)-one (3d) in CDCls.
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Figure A.24. 400 MHz *H NMR spectrum of 2-(benzylthio)-3-(o-tolyl)quinazolin-4(1H)-one (3¢) in CDCls.
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Figure A.26. 400 MHz 'H NMR spectrum of 2-(benzylthio)-3-(naphtalen-1-yl)quinazolin-4(1H)-one (3f) in CDCls.
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