
 
 

 
 
 

STUDIES TOWARD THE ASYMMETRIC 
SYNTHESIS OF NOVEL CHIRAL 1,4-OXAZEPAN-

5-ONE DERIVATIVES 
 
 
 
 
 
 
 
 

A Thesis Submitted to 
the Graduate School of Engineering and Sciences of 

İzmir Institute of Technology 
in Partial Fulfillment of the Requirements for the Degree of 

MASTER OF SCIENCE 
 

in Chemistry 
 
 
 
 

by 
Ezgi VURAL 

 
 
 
 
 
 

December 2020 
İZMİR 

 



 
 

 
ACKNOWLEDGEMENTS 

 

 
I would like to express my gratitude to everyone in my life for their help, guidance 

and support for the three years master’s degree education I had, in particular to Prof. Dr. 

Ali Çağır for the great opportunity of working in this laboratory. I am grateful to be his 

student for this period of time. It was an honour for me to work with a teacher who has 

his patience, wisdom, guidance, support and motivation in both science and life. 
I would like to thank to Scientific and Technical Research Council of Turkey for 

financial support of this project (116-Z-591). I am very thankful to the members of Çağır 

Research Group, especially to Hülya Bozoğlu for her endless help during my works, 

Tuğçe Kanbur and Fikrican Dilek for their teaching and guidance, Bora Akman for his 

support and friendship.  

I would like to give my appreciation to my committee members, Prof. Dr. Stephen 

T. ASTLEY and Dr. Onur BÜYÜKÇAKIR, for their precious time and support. 

I am deeply grateful and indebted to my whole family in particular to my parents; 

Gamze Özübelli and Zafer Vural, to my uncles; Yunus Özübelli and Harun Özübelli for 

always believing in me in this road I have chosen to walk on. I would not be able to go 

through anything without their special support, unlimited love and belief. I am also 

indebted to my grandmother Feral Özübelli for always being by my side. Special thanks 

to the whole Özübelli Family and Bağatır Family for their continous attention. 

I would like to thank all my friends especially to Halil İbrahim Yıldırım, Yiğit 

Şahin, Mert Kayral, Elif Polat and Çağdaş Adıören for their indescribable friendship, to 

Begüm Tokgöz for being similar and yet different as much as an enantiomer, to Ali Coşar 

for always sparing me time to listen. I am also thankful to my friends from IZTECH; 

Yankı Yayak, Emre Karaburun, Alper Şahin for their support during my hardest times 

and Engin Tatlıdil for his helps especially for my minor degree during my undergraduate 

education. 

Finally, I have no words to express my appreciation to the two special people in 

my life, Suay Dartar and Beraat Umur Kaya. Their invaluable support and love kept me 

going. Thank you for making everything much more easier and manageable. 

 



iii 
 

ABSTRACT 
 

STUDIES TOWARD THE ASYMMETRIC SYNTHESIS OF NOVEL 

CHIRAL 1,4-OXAZEPAN-5-ONE DERIVATIVES 

 
Pharmacophore design to inhibit the interaction between p53 and MDM2 became 

a novel approach for cancer therapy. p53, known as the guardian of genome, controls the 

cell cycle arrest, apoptosis and DNA repair under stress. Nonetheless, when over-

expressed, MDM2 causes proliferation in the cell and eventually tumorgenesis. 

The feedback mechanism between p53 and MDM2 arises from the interaction of 

p53 through the hydrophobic cleft which consists of Phe19, Trp23 and Leu26 aminoacids 

in the N-terminal of MDM2. 

In this study, it was aimed to synthesize a new, chiral 1,4-oxazepan-5-one 

derivatives by asymmetric synthesis. (R)-2-amino-2-(4-chlorophenyl)acetic acid was 

used as starting material. Amino group was protected by trityl group then the carboxylic 

acid part was reduced by LiAlH4 to produce N-trityl-protected amino alcohol. Dess 

Martin periodinane was used for the oxidation of the alcohol to the aldehyde, then 3-

chlorophenylmagnesium bromide was added to the aldehyde by Grignard reaction. 

Deprotection of N-trityl was performed with TFA then, coupling reactions of produced 

aminoalcohol with different α,β-unsaturated carboxylic acids were performed by HATU 

and DIPEA. Despite all of the attempts, cyclization to seven membered 1,4-oxazepan-5-

one ring was never achieved. 
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ÖZET 
 

YENİ KİRAL 1,4-OKZAZEPAN-5-ON TÜREVLERİNİN ASİMETRİK 

SENTEZİNE YÖNELİK ÇALIŞMALAR 

 
p53 ve MDM2 arasındaki etkileşimi engellemek için farmakofor tasarımı kanser 

terapisinde yeni bir yaklaşım olmaktadır. Genomum koruyucusu olarak bilinen p53 stres 

altında hücre siklusunda aresti, apaptozu ve DNA tamirini kontrol eder. Bununla birlikte, 

MDM2 fazla eksprese edildiğinde hücrenin çabuk çoğalmasına ve neticede tümör 

oluşumuna neden olur. 

p53 ve MDM2 arasındaki geribesleme mekanizması p53’ün, MDM2’nin N-

ucundaki Phe19, Trp23 ve Leu26 aminoasitlerinden oluşan hidrofobik boşluktan etkileşir.  

Bu çalışmada asimetrik sentez ile yeni kiral 1,4-oksazepan-5-on türevlerinin 

sentezlenmesi amaçlanmıştır. (R)-2-amino-2-(4-chlorophenyl)acetik asit başlangıç 

maddesi olarak kullanıldı. Amino grubu tritil grubu ile korundu ve daha sonra maddenin 

karboksilik asit kısmı LiAlH4 ile N-korunmalı amino alkol elde edmek üzere indirgendi. 

Dess Martin periodinane alkolün aldehite oksidasyon için kullanıldı, daha sonra 3-

klorofenilmagnezyum bromür Grignard reaksiyonu ile aldehite eklendi. Koruyucu tritil 

grubu TFA ile uzaklaştırıldı ve oluşan aminoalkolün farklı α,β-doymamış karboksilik asit 

ile bağlanma reaksiyonları HATU ve DIPEA kullanılarak gerçekleştirildi. Tüm 

denemelere rağmen yedi üyeli 1,4-oksazepan-5-on halkalaşması hiç bir zaman 

gerçekleştirilemedi. 
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CHAPTER 1 

 

INTRODUCTION 
 

1.1. p53 Gene: Guardian of Genome 
 

 

The transcription factor p53, identified in 1979, is known to be the “guardian of 

genome”.[1-2] The reason behind this name is, upon stress, it promotes the expression of 

genes that is responsible from cell cycle arrest, apoptosis and DNA repair.[1]  

The gene p53 is a homotetramer with a domain organization of transactivation 

domain (TAD), proline (Pro) - rich region (PR), structural DNA binding domain (DBD), 

tetramerization domain (TET) and C-terminal regulatory domain (CTD) (Figure 1.1). The 

1-40 residues create the region TAD1 and the remaining residues, 40-60, create TAD2. 

(Figure 1.1).[3] 

 

 

 
 

Figure 1.1. The domain organization of p53.[3] 

 

 

After its identification, the gene TP53, was cloned in 1983. In 1990, p53 gene, 

TP53, was found to be associated with the cases of Li-Fraumeni syndrome, an inherited 

condition that causes infected families to get some types of cancer. As a result of series 

of works during the years it was concluded that alteration in p53 causes wide variety of 

cancers.[4] These alterations can be a mutation in p53 gene or its complete deletion, or the 

mutations in post-translational stage. As its activity turned off, apoptosis and cell cycle 

arrests cannot be arranged and eventually proliferation occurs.[1]  
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As 50% of human cancers caused by the genetic alterations, remaining percentage 

is caused by the inhibition of gene by a small protein MDM2 which is also the primary 

inhibitor of p53. Increased expression of MDM2 inhibits the activity of p53 and causes 

to cell proliferation by uncontrolled cell cycle arrest or apoptosis.[2] Expression of MDM2 

is amplified mostly in bone (~16%) and soft tissue (~20%) sarcomas, and esophageal 

(~13%) carcinomas.[5] 

 

 

1.2. MDM2: A Regulator of Cell Growth 
 

 

MDM2, murine double minute 2, encodes 489 amino acids whereas its human 

version, HDM2, encodes 491. The expression levels of MDM2 effects the cellular 

transformations and cellular growth which is asspociated with the tumorgenicity.[5] The 

functional domains of MDM2 consist of; N-terminal (p53 binding regions) domain, 

nuclear localization signal (NLS), nuclear export signal (NES), an acidic domain, Zinc 

finger domain and RING finger domain located at C-terminal (Figure 1.2).[5-6] 

 

 

 
 

Figure 1.2. The functional domains of MDM2.[6] 

 

 

The N-terminal, p53 binding region of MDM2, interacts with three important 

amino acid residues of p53; phenylalanine (Phe) 19, tryptophan (Trp) 23, and leucine 

(Leu) 26.[1-3] 

The RING domain is responsible for the ubiquitin-ligase, E3, activities for the 

target proteins. Along with target proteins, MDM2 also has the ability of self-

ubiquitination however it is incapable of controlling its expression levels in the cell. 
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Recent genetic works showed that, MDM2 levels are stabilized by another ubiquitin-

ligase in vivo.[5-6]  

 

 

1.3. p53-MDM2 Interaction: An Approach for Cancer Therapy 
 

 

The vital importance between MDM2 and p53 was discovered in a research in 

vivo. It was seen that MDM2-/- mice die at very early stages of life because of p53-

dependent apoptosis. Interestingly, it was also seen that knock-out mice (MDM2-/-, p53-/-

) survive along with p53-/- mice, indicating that in the absence of both MDM2 and p53 

development continues as normal.[6]  

The activity of p53 is regulated in normal cells by a feedback mechanism with a 

regulatory protein MDM2 which is also the primary inhibitor of p53.[7] This mechanism 

between MDM2 and p53 works through the interaction between the amino acids  

phenylalanine (Phe) 19, tryptophan (Trp) 23, and leucine (Leu) 26 in TAD1 region of p53 

and N-terminal of MDM2.[3] Upon stress the p53 gene gets activated and its expression 

increases inside the cell. This expression is regulated through its interaction with MDM2 

by ubiqutination followed by proteasomal degredation or nuclear export (Figure 1.3).[7] 

 

 

 
 

Figure 1.3. The feed-back mechanism between MDM2 and p53 in normal cells. MDM2 
either provides the nuclear export of p53 or proteasomal degredation by 

ubiquitination.[7] 

 

 

Ubiquitination is a process that labels proteins for degredation, and it consists of 

three steps; activation, conjugation and ligation (Figure 1.4). The mechanism works as 
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ubiquitin-activation enzymes, E1, targets and labels the proteins to be degraded by a 

proteasome, a protein complex that breaks down damaged, labeled or unnecessary 

proteins by proteolysis, a chemical reaction that breaks peptide bonds. The activation by 

E1 occurs via adenylation of C-terminus of ubiquitin and the transfer of ubiquitin on 

E1cysteinyl residue via thioester linkage and ATP is used during this process. The 

activated ubiqutin is then transferred onto ubiquitin-conjugating enzyme, E2, via thioester 

linkage on cystenyl residue of E2. Ubiquitin-ligase enzymes, E3, depending on its type, 

transfers ubiquitin from E2 to substrate either directly or after creating a thioester linkage 

between itself and ubiquitin protein.[8]  

 

 

 
 

Figure 1.4. Shows ubiquitination mechanism in three steps; activation by E1, 
conjugation by E2 and ligation on substrate, S, by E3.[8] 

 

 

MDM2 ubiquitinates p53 via its ubiquitin-ligase, E3, activity in RING domain 

and prevents cell cycle arrest by decreasing the levels of p53. Through understanding the 
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mechanism and interaction between p53-MDM2 and, regulation of the signaling 

pathways inside the cell, a novel approach is developed for cancer therapy.[3] 

 

 

1.4. Design of a Pharmacophore for p53-MDM2 Interaction 
 

 

Pharmacophore first defined as “a molecule having the essential properties which 

induce a biological activity” by Paul Ehrlich in 1990. The term is generated from the 

words pharmaco-drug and phore-carrier. [9]  

Pharmacophore design can be achieved either as ligand-based or structure-based 

modeling. In first modeling type the aim is to determine chemical features of a ligand that 

is known to be interacted with the ligand and the target, in the latter the goal is to analyze 

the chemical features of the active site and the 3D relationship between the target and the 

ligand. Once the pharmacophore is designed the synthesis process begins.[10] 

The high-resolution crystal structure analysis of the interaction between MDM2 

and p53 showed that they bind through three hydrophobic aminoacids at i, i+4, i+7 

positions, Phe19, Trp23, Leu26, in p53.[4-11] Further research in alanine scans showed that 

a mutation in any of those three aminoacids annihilates the binding between target 

proteins.[11] Pursuit of an inhibitor molecule of the MDM2-p53 interaction has arisen from 

those results as investigating natural compounds or new designs for the 

pharmacophore.[12] 

 

 

1.4.1. Natural Pharmacophores for MDM2-p53 
 

 

Many of the drugs that have been designed are derived from a natural origin. 

Natural compounds that are discovered for inhibition of MDM2-p53 interaction can be 

arranged into three categories.[12] First one is the inhibitors that block the binding between 

MDM2 and p53 proteins. Second category is the inhibitors of E3 ligase activity of MDM2 

and last one is the inhibitors that block only the activity of MDM2, not p53.[13] 

 



6 
 

1.4.1.1. Chalcone Derivatives 
 

 

Flavonoids (Figure 1.5), compounds that are secondary metabolites of plants have 

beneficial effects on health.[14] Chalcone (2) is a member of flavonoid family have the 

effect of an antioxidant, antimicrobial, anti-imflammatory and anti-tumor for human 

body, also it is the first  natural compound that is reported as anticancer agent.[12-15]  

Chalcones can be investigated under the first category in which the compounds 

that block binding between two target proteins.[13] They break down the MDM2-p53 

complex and causes p53 releasing into the cell. It was observed that released p53 is not 

able to bind to DNA and conclusions were made as chalcones causes an additional effect 

on p53 protein.[12] 

 

 

 
 

Figure 1.5. Compoud 1 is the backbone of the flavonoid family, 2 is Chalcone.[14] 

 

 

Boronic chalcones were designed and synthesized as an alternative and higher 

potency was observed. Examples of boronic chalcones, compounds 3 and 4 (Figure 1.6) 

showed antiproliferative activity with IC50 values, a measurement of the concentration of 

a drug at which inhibition of 50% of cell population is achieved, of 3.5 and 4.0 μM for 

cell line, MDA-MB-435, human breast cancer cell line, respectively.[11-16] In order to 

increase the binding affinity the linkage pattern was observed as the boronic acid of 

chalcone interacts with MDM2 by a salt bridge with amino acid Lys51. The developments 

on enhancing the biological activity of boronic chalcones lead to increased toxicity in 

human breast cancer cell lines caused by the inhibiton of other enzymes.[11-12]Most potent 

chalcone derivatives are compounds 5 (GI50 value of 2.1 – 3.2 μM range depending on 
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the type of tumor cell) and 6 (GI50 of 2.6 – 4.5 μM depending on the type of tumor cell) 

(Figure 1.6).[15] 

 

 

 
 

Figure 1.6. Structures of potent boronic chalcones (compounds 3 and 4) and most potent 
chalcones examples (compounds 5 and 6).[15] 

 

 

Another example for chalcone derivatives is the compound isoliquiritigenin 

(4,2’,4’-trihydroxychalcone) (Figure 1.7), compound 7, showed potency (IC50 = 10.51 

μg/mL) in Hep G2 cells by causing apoptosis in liver cancer cells. However the 

interaction between the compound and MDM2 was never discovered, therefore, it is not 

a candidate compound for cancer therapy.[12-17] 

 

 

 
 

Figure 1.7. The structure of isoliquiritigenin (4,2’,4’-trihydroxychalcone).[18] 
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1.4.1.2. Chlorofusin 
 

 

Another example for natural pharmacophores is chlorofusin, compound 8, (Figure 

1.8), a natural peptide that is isolated from fungus. Chlorofousin is reported for the 

inhibition of MDM2-p53 interaction as a second natural compound.[11]  

 

 

 
 

Figure 1.8. Structure of chlorofusin.[18] 

 

 

Chlorofusin showed low potency (IC50 = 4.6 μM) in ELISA (enzyme-linked 

immunosorbent assay), a quantitave test that uses antibody-antigen relationship to 

measure the concentration of either antibody or antigen.[11-19] Although good binding 

affinity constant value, KD, was obtained as 4.7 μM, the MDM2-inhibitor interaction 

could not be understood in some cases. [11-12]  

Since the potency is low in this group of natural inhibitors and the binding pattern 

was not understood completely, they are not used as drugs in the today’s market.[11] 
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1.4.2. Synthetic Pharmacophores for MDM2-p53 
 

1.4.2.1. Nutlins 
 

 

The first synthetic compound that has high potency and selectivity for the 

blocking the interaction between MDM2 and p53 is called as nutlins also known as cis-

imidazoline.[20-21] Nutlin derivatives, compounds 9, 10, 11 and 12 (Figure 1.9) have IC50 

value between 1-3 μM. Although racemic mixture of compound 11 was used at the 

beginning, it was then observed that compound 12 shows higher potency than its 

enantiomer (Figure 1.8).[21]  

 

 

 
 

Figure 1.9. The structures of nutlin derivatives; nutlin-1, nutlin-2, nutlin-3 and the latter 
is more potent enantiomer nutlin-3a.[2-22] 

 

 

The selectivity of compound 12 comes from its two chloro-substituted phenyl ring 

interacts with the Trp23 and Leu26 residues. The remaining amino acid, Phe19, interacts 
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with iso-proxy group on the third phenyl group. One other benefit of compound 12 is its 

resemblance to the α-helix on p53 with its imidazoline core.[23] Derivatives of nutlins have 

managed to enter clinical trials and being considered as potent inhibitors.[11] 

 

 

1.4.2.2. Dihydroimidazothiazole Derivatives 
 

 

After the success of nutlin-3a, a molecule with a binding resemblance to nutlins 

is designed. Dihydroimidazothiazole cored derivatives were designed with this approach 

and one derivative, compound 13 (Figure 1.10), showed desired potency (IC50 = 0.058 

μM), metabolic stability and solubility along with enhanced antitumor activity compared 

to nutlin-3.  

 

 

 
 

Figure 1.10. Structure of a dihydroimidazothiazole derivative.[24] 

 

 

The increased stability of this derivative comes from the methyl linked piperazine 

moiety. Also, the binding of the molecule into MDM2 hydrophobic cleft was enhanced 

by (2R)-ethyl group on the pyrolidine moiety along with the interactions between 

chlorinated phenyl rings and Phe19, Trp23 and Leu26 residues on p53. Through these 

series of tests, it was also understood that the isopropyl side chain was too increased the 

effectiveness of binding through hydrophobic cleft.[24] 
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1.4.2.3. Thio-benzodiazepine Derivatives 
 

 

Additional interaction, other than the three important aminoacids in hydrophobic 

cleft, between MDM2 and the inhibitor molecule, was seen in thio-benzodiazepine 

derivatives (Figure 1.11) with their ester group binds to Gly16 residue on MDM2. For 

compounds 14 and 15 the IC50 values are 5.69 μM and 7.53 μM in U2OS cell line with 

the binding affinities of 0.0910 μM and 0.890 μM, respectively.[25] The problem with 

these derivatives was the indetermination of active stereoisomer.[11] 

 

 

 
 

Figure 1.11. Structures of highly potent thio-benzodiazepine molecules.[25] 

 

 

1.4.2.4. Spiro-oxindole Derivatives 
 

 

In the interaction between MDM2 and p53, the residue Trp23 of p53 have a 

special feature having its indole ring buried inside the hydrophobic cleft which puts the 

aminoacid in a critical position for binding. From this point, a search for a molecule that 

can mimic this binding interaction was started and it was found that along with indole 

ring, oxindole is also capable of binding.  

Further structure search led to spiro-oxindole cored natural compounds such as 

compound 16, (Figure 1.12), however never used for trial since the molecules are highly 
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steric to fit in hydrophobic cleft of MDM2. Instead, compounds with the same core 

structure were designed.[25]  

 

 

 
 

Figure 1.12. The structure of spirotryprostatin A.[25] 

 

 

The first potent inhibitor among spiro-oxindole derivatives (Figure 1.13) is 

compound 17 is found to fit into hydrophobic cleft (Ki = 86 nM) with a selective 

antiproliferative activity (IC50 = 0.83 μM for LNCaP cell line, IC50 = 10.5 μM for normal 

human prostate epithelial cells).[26] 

The new modifications led to compound MI-219, compound 18, which has a 

higher binding affinity (Ki = 5 nM) than p53 peptide and showed binding selectivity to 

MDM2 and apoptosis in cancer cells with low potency. Improvements were done on MI-

219 to increase binding affinity and they were led to synthesis of MI-147, compound 19, 

with higher binding affinity (Ki = 0.6 nM) and potency. Both MI-219 and MI-147 was 

used for the further optimizations led the synthesis of compound 20 which is used for 

clinical trials and now being used as a promising therapeutic drug.[11] The high binding 

affinity behind compound 20 comes from its perfect fit into hydrophobic cleft along with 

the additional π-π stacking between phenyl ring of 2-fluoro-3-chlorophenyl and His96. 

Another interaction with His96 is the hydrogen bonding of carbonyl group to the nitrogen 

of the imidazole side chain of the target residue. Extensive interactions with new amino 

acids were achieved with this molecule as N-terminal of MDM2 refolds and amino acids 

Val14 and Thr16 became exposed.[11-27] 
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A recent work also showed that another spiro-oxindole derivative, compound 21, 

can act as p53 stabilizer, transactivator and an inducer of apoptosis. Compound 21 is the 

one having the most antiproliferative activity among other derivatives.[11] 

 

 

 
 

Figure 1.13. The structures of well known spiro-oxindole derivatives.[11] 

 

 

1.4.2.5. Piperidinone Derivatives 
 

 

Piperidinone derivatives (Figure 1.14) have the interaction between hydrophobic 

cleft and chlorophenyl substituents on the molecule. While chlorophenyl groups interact 

with Trp23 and Leu26 residues on p53, cyclopropyl group on compound 22 (IC50 = 34 
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nM) fits in Phe19 pocket. The sulfone group in compounds 25 and 26 directs ethyl group 

to Phe19 residue.  

Additional interaction exists between carboxyl group and His96 residue. What 

makes piperidinone derivatives good candidate for further research is high 

antiproliferative activity along with the suitable interaction with MDM2. Also, the 

stability of the molecule was increased gauche conformation by methyl group. 

 

 

 
Figure 1.14. Structures of potent piperidinone derivatives.[28-29-30] 

 

 

Modification on compound 22 lead to the synthesis of compound 23 that has 

methyl group on position 3 instead of hydrogen atom, which provides higher potency 

with gauche like conformation (IC50 = 0.22 nM). Replacement of t-butyl ester group with 

hydroxyl group led to compound 24, AM8553, increased the binding affinity of the 

molecule to MDM2 by charge-charge interaction with His96 residue (IC50 = 11 nM).[28-

29] Compound 24 was successful in trials with rats and showed high pharmacophore 

activity. 

Further enhancement of the derivatives led the discovery of compound 25 

(AMG232) which is being used in clinical trials (IC50 = 9.2 nM). Series of structural 
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modifications also led the compound 26 (AM-7209) with higher potency and 

pharmacokinetic profile (IC50 = 1.6 nM).[11-30] 

 

 

1.4.2.6. Morpholinone Derivatives 
 

 

Further development on the piperidinone structures based on quantum mechanical 

calculations, morpholinone core would provide better pharmacokinetic profile and more 

importantly the oxygen atom on morpholinone ring brings the molecule into more potent 

gauche conformation. 

 

 

 
Figure 1.15. Structures of morpholinone derivatives.[1-11] 

 

 

Modifications on N-alkyl substituent led to the synthesis of potent sulfonamides 

and sulfones, the examples are the compounds 27 (IC50 = 10.1 ± 0.1 nM) , 28 (IC50 = 2.0 

± 0.1 nM), 29 (IC50 = 11 ± 2 nM)  and 30 (IC50= 3.7 ± 1.5 nM) (Figure 1.15). 

Most potent inhibitors were synthesized after the modifications on N-aryl 

substituent by the addition of fluorine atom on ortho position, compound 31 (IC50= 2.3 ± 
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0.8 nM) compared to the derivative with fluorine on para position, compound 32 (IC50= 

6.0 ± 2.0 nM). In addition, these modifications enhanced the stability of the molecule.[1-

11] 

 

 

1.4.2.7. Oxazepinone Derivatives 
 

 

Fused oxazepinone derivatives (Figure 1.16) show numerous biological activities 

such as antidepressant activity with the drugs that are being used in the market today, 

compound 33 and compound 34. In addition, there are compounds among fused 

oxaepinone derivatives which show anticancer activity. The compounds 35, 36 and 37 

can be showed as examples.[31-32] 

 

 

 
Figure 1.16. Structures of 1,4-oxazepan-5-one cored molecules with a known biological 

activity.[31-32] 

 

 

1.5. Aim of the Study 
 

 

The first goal of this study is to perform asymmetric synthesis of novel chiral 1,4-

oxazepan-5-one derivatives as a pharmacophore for MDM2-p53 interaction, to discover 
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whether these derivatives can be used as inhibitors or not. The importance behind the 

chirality is stereoisomers might have different biological activites, therefore we aimed to 

perform asymmetric synthesis that is the synthesis of one stereoisomer in majority.[33]  

In addition, it was aimed to enhance the content of the literature with the synthesis 

of derivatives of 1,4-oxazepan-5-one.  

A synthetic pathway was designed in order to fulfill this goal (Figure 1.17). 

Pathway starts with the conversion of the amino acid (R)-2-amino-2-(4-

chlorophenyl)acetic acid to the chiral aminoalcohol. Designed synthesis continues with 

the addition of benzyl ester and followed by cyclization reaction. 

 

 

 
 

Figure 1.17. The designed synthesis pathway for the desired product. 

  



18 
 

CHAPTER 2 

 

RESULTS AND DISCUSSION 
 

2.1. N-Trityl Protection of (R)-2-amino-2-(4-chlorophenyl)acetic Acid 
 

 

Synthesis was started with the protection of amino group of (R)-2-amino-2-(4-

chlorophenyl)acetic acid (38) with trityl chloride (Figure 2.1). Reaction was performed 

in dry DMF at RT in 4 h and quenched with 1 M HCl to tune the pH of the water phase 

to 3 which is the optimal pH range of trityl group.  

 

 

 
 

Figure 2.1. N-Trityl protection of (R)-2-amino-2-(4-chlorophenyl)acetic acid by using 
trityl chloride. 

 

 

However, the acid used in work-up was altered from 1 M HCl to 0.05 M H2SO4 

to minimize the interaction of trityl group with strong acid, because, according to crude 
1H NMR spectrum, some of the trityl group was damaged probably due to its low stability 

at high acidic mediums. It was thought to tune the pH by diluted acid to prevent the 

decomposition of the protecting group. Thus, diluted acid (0.05 M H2SO4) was used for 

further trials. The product was obtained as white foam and used without purification for 

the next step.[1] 
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2.2. Reduction of (R)-2-(4-chlorophenyl)-2-(tritylamino)acetic Acid with 

LiAlH4 

 

 

Synthesis continued with the reduction of (R)-2-(4-chlorophenyl)-2-

(tritylamino)acetic acid (39) by using LiAlH4 as reducing agent into (R)-2-(4-

chlorophenyl)-2-(tritylamino)ethan-1-ol (40) in dry THF at RT in 4 hours (Figure 2.2).[1] 

The resultant compound was purified by column chromatography to afford compound 40 

as white foam (49-73% yield). 

 

 

 
 

Figure 2.2. The reduction of (R)-2-(4-chlorophenyl)-2-(tritylamino)acetic acid to (R)-2-
(4-chlorophenyl)-2-(tritylamino)ethan-1-ol by LiAlH4. 

 

 

2.3. Oxidation of (R)-2-(4-chlorophenyl)-2-(tritylamino)ethan-1-ol by 

Dess-Martin Periodinane 
 

 

The reagent (R)-2-(4-chlorophenyl)-2-(tritylamino)ethan-1-ol (40) was oxidized 

to (R)-2-(4-chlorophenyl)-2-(tritylamino)acetaldehyde (41) by using Dess-Martin 

Periodinane as oxidizing agent in wet DCM at RT (Figure 2.3).[1] Dess-Martin 

Periodinane was chosen because, it gives high yields under mild reaction conditions (RT, 

neutral pH) in shorter reaction times with simple workups. The most important advantage 

of DMP is its chemoselectivity; its ability to oxidize N-protected amino alcohols without 

epimerization. [34-35]  The reaction was completed in 1 hour, the product was obtained as 
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white foam and was used without purification because of the possibility of rapid 

racemization. The yield of the reaction was ranged from 85-95%. 

 

 

 
 

Figure 2.3. Oxidation of (R)-2-(4-chlorophenyl)-2-(tritylamino)ethan-1-ol to (R)-2-(4-
chlorophenyl)-2-(tritylamino)acetaldehyde by using Dess Martin Periodinane. 

 

 

2.4. Synthesis of (1R,2R)-1-(3-chlorophenyl)-2-(4-chlorophenyl)-2-

(tritylamino)ethan-1-ol by Grignard Reaction 
 

 

The synthesis of (1R,2R)-1-(3-chlorophenyl)-2-(4-chlorophenyl)-2-(tritylami-

no)ethan-1-ol (43) was performed by using (3-chlorophenyl)magnesium bromide (42) in 

dry THF at -40 °C (Figure 2.4). The reaction was completed in 2 hours then, it was 

purified with column chromatography. [1] The resultant product was obtained as white 

foam. Grignard reaction was performed many times; the yield and diastereomeric ratios 

of the product were different in each trial. The yield of the reaction was in the range of 

25-42% and the ratio of diastereomers were from 1:0.01 to 1:0.16. 

 

 

 
 

Figure 2.4. The synthesis of (1R,2R)-1-(3-chlorophenyl)-2-(4-chlorophenyl)-2-
(tritylamino)ethan-1-ol. 



21 
 

2.5. Synthesis of (1R,2R)-2-amino-1-(3-chlorophenyl)-2-(4-

chlorophenyl)ethan-1-ol by Deprotection of Trityl Group with Trifluoro 

Acetic Acid 
 

 

Deprotection of trityl group of (1R,2R)-1-(3-chlorophenyl)-2-(4-chlorophenyl)-2-

(tritylamino)ethan-1-ol (43) was done by using TFA in DCM at RT (Figure 2.5). The 

product was purified with column chromatography and obtained as yellow oil. The yield 

of the reaction was in range of 37-56%. [1] 

 

 

 
 

Figure 2.5. Deprotection of trityl group by trifluoroacetic acid. 

 

 

2.6. Synthesis of (E)-5-(benzyloxy)-5-oxopent-3-enoic Acid 
 

 

(E)-5-(benzyloxy)-5-oxopent-3-enoic acid (47) was tried to be synthesized from 

the reaction between (E)-pent-2-enedioic acid (45) and benzyl alcohol (46) in dry DMF 

at RT (Figure 2.6).[36] Reaction mixture was stirred for 6h and it  was monitored with TLC 

control.  

According to 1H NMR spectrums of the products, it was concluded as benzyl 

alcohol is difficult to be removed during work-up. In addition, the products were not 

purified from benzyl alcohol in column chromatography. Due to these challenges, it was 
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decided to continue the synthesis with another alcohol which might afford to obtain pure 

product. 

 

 

 
 

Figure 2.6. Planned synthesis of (E)-5-(benzyloxy)-5-oxopent-3-enoic acid occured 
with (E)-5-(benzyloxy)-5-oxopent-2-enoic acid 

 

 

Thus, a new synthetic pathway was designed with MeOH instead of benzyl 

alcohol. MeOH having low boiling point, it would be removed by rotary evaporator 

process before purification step. Which would eliminate the challenges we have 

encountered during purification of compound 47 in column chromatography. (Figure 

2.7.) 

 

 

 
 

Figure 2.7. New synthesis pathway with MeOH 
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2.7. Synthesis of (E)-5-methoxy-5-oxopent-3-enoic Acid 
 

 

(E)-5-methoxy-5-oxopent-3-enoic acid (48a) was tried to be synthesized in a 

reaction between (E)-pent-2-enedioic acid (45) and methanol in dry DCM at RT and 

stirred for overnight (Figure 2.8).[37] According to 1H NMR signals it was concluded that 

two sets of products were formed. A mixture of two sets of compounds was used in the 

next step. 

 

 

 
 

Figure 2.8. Synthesis of (E)-5-methoxy-5-oxopent-3-enoic acid. 

 

 

2.8. Synthesis of Methyl (E)-5-(((1R,2R)-2-(3-chlorophenyl)-1-(4-

chlorophenyl)-2-hydroxyethyl)amino)-5-oxopent-2-enoate 
 

 

Methyl (E)-5-(((1R,2R)-2-(3-chlorophenyl)-1-(4-chlorophenyl)-2-hydroxyeth-

yl)amino)-5-oxopent-2-enoate (49a) was tried to be synthesized from the reaction 

between amino alcohol (compound 44) and mixture of compounds 48a and 48b by 

HATU[38] and DIPEA in dry DMF (Figure 2.9). Reaction was stirred at RT and monitored 

by TLC control.  

According to the 1H NMR spectrum of the crude product, it was concluded that 

the desired product was not produced. 
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Figure 2.9. Planned synthesis of methyl (E)-5-(((1R,2R)-2-(3-chlorophenyl)-1-(4-
chlorophenyl)-2-hydroxyethyl)amino)-5-oxopent-2-enoate. 

 

 

Planned synthesis pathway was altered to prevent formation of two sets of 

compounds while preparing ester. For this purpose TBDMS protected alcohol was 

selected as starting material (Figure 2.10). 

 

 

 
 

Figure 2.10. Planned synthesis pathway with TBDMS protected alcohol. 
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2.9. Syntheis of 3-((tert-butyldimethylsilyl)oxy)propanal from the 

Oxidation of 3-((tert-butyldimethylsilyl)oxy)propan-1-ol by PCC 
 

 

3-((tert-butyldimethylsilyl)oxy)propanal (51) was synthesized by a reaction 

between 3-((tert-butyldimethylsilyl)oxy)propan-1-ol (50) and PCC in dry DCM at RT for 

1.5 h (Figure 2.11).[39]  

 

 

 
 

Figure 2.11. Oxidation of 3-((tert-butyldimethylsilyl)oxy)propan-1-ol to 3-((tert-
butyldimethylsilyl)oxy)propanal by PCC. 

 

 

The reaction was optimized based on managing the acidity of PCC easing the 

filtration process due to the difficulties related with chromium salts. Many trials were 

performed and reaction conditions were summarized in Table 2.2. 

First trial (Table 2.1. Entry 1) was performed with 1.5 eq of PCC. During filtering, 

SiO2-celite mixture was used to remove chromium salts. At the end of the reaction no 

material was obtained. The reason might be the acidty of PCC might have effected the 

reaction medium. It was concluded as a buffer substance is required for the acidity of 

PCC.  

For this reason, second trial (Table 2.1. Entry 2) was done with 1.5 g celite 

addition to reaction mixture as buffer. Same filtering procedure was performed and 

according to 1H NMR spectrum the desired product was not obtained. It was concluded 

that celite addition does not provide any buffer effect to acidity of PCC; it was decided 

not to use celite in the reaction mixture. The celite was decided to be used only in filtration 

during work-up for the removal of the chromium salts. 

Next trial (Table 2.1. Entry 3) was done with less equivalent of PCC (1.1 eq), to 

minimize the diverse effects of its acidity, because a buffer was not used in this reaction. 

The reaction was monitored with TLC and 0.3 eq of additional equivalent of PCC was 
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used to induce product formation. According to 1H NMR spectrum, although very low 

amount of aldehyde was obtained, the amount of reactant was decreased. Therefore, it 

was decided to use a reagent other than celite, both to buffer PCC and to ease the work-

up process.  

 

 

Table 2.1. Optimization of PCC reaction according to filtration process. 

 

Entr
y 

PCC 
(eq) 

Buffer in 
reaction 

Stationary 
Phase 

Filtering 
Solvent 

Result 

1 1.5 - SiO2 (3x5 cm) 
& SiO2-celite 

(1:1) (3x5 
cm) 

1:30 
EtOAc:Hex  

No 
material 

was 
obtained 

2 1.5 1.5 g celite SiO2 (3x5 cm) 
& SiO2-celite 

(1:1) (3x5 
cm) 

1:30 
EtOAc:Hex  

No 
reaction 

3 1.4 - SiO2 (3x5 cm) 
& SiO2-celite 

(1:1) (3x5 
cm) 

1:30 
EtOAc:Hex 

Low 
amount of 

product 

4 1.1 77.5 mg 
NaOAc 
(0.9 eq) 

SiO2 (3x5 cm) 
& SiO2-celite 

(1:1) (3x5 
cm) 

1:30 
EtOAc:Hex 

Product 
was 

formed 

   SiO2 (3x5 cm) 
& SiO2-

MgSO4 (1:1) 
(3x5 cm) 

1:30 
EtOAc:Hex 

Product 
was 

formed 

5 1.1 77.5 mg 
NaOAc 
(0.9 eq) 

SiO2 (3x5 cm) 
& SiO2-

MgSO4 (1:1) 
(3x5 cm) 

Diethyl ether  Product 
was 

formed 

 

 

In the next trial (Table 2.1. Entry 4), NaOAc was used as buffer in the reaction 

mixture. In order to test the celite during filtering in the presence of a buffer in the reaction 
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mixture, half of the material was filtered through a column with celite, the other half was 

filtered through the one with MgSO4. Approximately same amount of product was 

obtained from both filtering procedures. It was understood that the key point was to use 

NaOAc to buffer the acidty of PCC. It was decided to use MgSO4 due to its easier use. In 

this trial, it was also understood that the product (51) gets evaporated during rotary 

evaporator process because of its volatile nature. Thus, the product was only concentrated 

to 15 mL of diethyl ether solution under reduced pressure and used immediately.[37] The 

reaction was optimized as 1.1 eq of PCC, NaOAc as buffer and filtration process was 

optimized as MgSO4 for filtration procedure and diethyl ether as filtering solvent (Table 

2.1. Entry 5). 

 

 

2.10. Synthesis of Ethyl (E)-5-((tert-butyldimethylsilyl)oxy)pent-2-

enoate from the Wittig Reaction between 3-((tert-

butyldimethylsilyl)oxy)propanal and Triethyl Phosphonoacetate. 
 

 

Ethyl (E)-5-((tert-butyldimethylsilyl)oxy)pent-2-enoate (53) was synthesized 

from the esterification reaction between 3-((tert-butyldimethylsilyl)oxy)propanal (51) 

and triethyl phosphonoacetate (52) by NaH in dry THF (Figure 1.12). [40] Reaction was 

monitored by TLC control. 1H NMR signals showed that the synthesis was successful 

with yield ranged from 20-40%. 

 

 

 
 

Figure 2.12. Synthesis of ethyl (E)-5-((tert-butyldimethylsilyl)oxy)pent-2-enoate from 
the esterification reaction between 3-((tert-butyldimethylsilyl)oxy)propanal and 

phosphonoacetate. 
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2.11. Synthesis of (E)-5-((tert-butyldimethylsilyl)oxy)pent-2-enoic Acid 
 

 

(E)-5-((tert-butyldimethylsilyl)oxy)pent-2-enoic acid (54) was first tried to be 

synthesized through a reaction of ethyl (E)-5-((tert-butyldimethylsilyl)oxy)pent-2-enoate 

(53) with 1 M NaOH solution in THF (Figure 2.13). [41] 

 

 

 
 

Figure 2.13. Synthesis of (E)-5-((tert-butyldimethylsilyl)oxy)pent-2-enoic acid. 

 

 

First trial (Table 2.2. Entry 1) was monitored with TLC and stirred for overnight 

According to 1H NMR spectrum, it was understood that TBDMS group was cleaved. It 

was thought the reason behind it might be the conditions of high temperature for overnight 

stirring of the reaction mixture. It was decided not to use heat to test this remark.  

Therefore, next trial (Table 2.2. Entry 2) was performed at 0 °C and reaction 

mixture was only stirred for 1.5 hour. Another changed parameter was the increment in 

the equivalent of NaOH to increase the probability of the success of the reaction. 

However, the desired product was not formed, it was concluded as although the starting 

material was consumed, the products might have been remained in water phase and could 

not be extracted to organic phase by acidification during extraction process. At this part, 

it was thought the problem might be the solvent used for extraction. Thus, for the next 

trial (Table 2.2. Entry 3), DCM was used instead of diethyl ether under the same reaction 

conditions. Since desired product cannot be obtained in that trial either, it was considered 

to change the reaction solvent.  

Next trial (Table 2.2. Entry 4) was performed in DMSO. However, according to 
1H NMR spectrum, it was concluded that the TBDMS group was cleaved. Second trial 

with DMSO (Table 2.2. Entry 5) was performed with less amount of base at RT. It was 
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thought that other than heat, the amount of base might have caused cleavage. It was later 

understood that instead of formation of desired acid, transesterification took place. 

Table 2.2. Trials for synthesis of (E)-5-((tert-butyldimethylsilyl)oxy)pent-2-enoic acid 
in different solvents. 

 

 

Entry 1 M 
NaOH  

Solvent Temp. Time Extraction  

Solvent 

Result 

1 4.5 eq THF-
MeOH 

50 °C Over
night 

Diethyl ether TBDMS was 
cleaved 

2 5 eq THF-
MeOH 

0 °C 1.5 h Diethyl ether Transesterification 

3 5 eq THF-
MeOH 

0 °C 2 h DCM Transesterification 

4 2 eq DMSO 30 °C 2 h EtOAc-
Chloroform 

TBDMS was 
cleaved 

5 1 eq DMSO RT 2 h EtOAc No reaction 

 

 

At the end of the trials for the formation of carboxylic acid, it was thought that 

TBDMS might not be a stable protecting group to work with in this reaction conditions. 

For this purpose, it was decided to use another protecting group. A new synthesis pathway 

was designed with benzyl alcohol as protecting group instead of TBDMS (Figure 2.14) 

to synthesize a carboxylic acid to be later coupled with the amino alcohol. 

 

 

 
 

Figure 2.14. Planned synthesis pathway with benzyl alcohol as protecting group. 
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2.12. Synthesis of 3-(benzyloxy)propan-1-ol 
 

 

Propane-1,3-diol (55) was reacted with benzyl bromide (56) with NaH in DMF at 

RT overnight (Figure 2.15). [42] The product was purified through SiO2 gel column. 

Desired product was synthesized as oily liquid with yield ranged from 39 to 51%. 

 

 

 
 

Figure 2.15. Synthesis of 3-(benzyloxy)propan-1-ol. 

 

 

2.13. Oxidation of 3-(benzyloxy)propanal from 3-(benzyloxy)propan-1-

ol by PCC 
 

 

3-(Benzyloxy)propanal (58) was synthesized from 3-(benzyloxy)propan-1-ol 

(57) by PCC, using NaOAc as buffer in the reaction mixture (Figure 2.16). [43] The 

product was concentrated to 15 mL of diethyl ether solution and used without 

purification, due to low boiling point of the product. 

 

 

 
 

Figure 2.16. Oxidation of 3-(benzyloxy)propanal from 3-(benzyloxy)propan-1-ol by 
PCC. 
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2.14. Synthesis of ethyl (E)-5-(benzyloxy)pent-2-enoate from the Wittig 

Reaction between 3-(benzyloxy)propanal and Triethyl 

Phosphonoacetate 
 

 

Synthesis of ethyl (E)-5-(benzyloxy)pent-2-enoate (59) was performed in a 

reaction between 3-(benzyloxy)propanal (58) and triethyl phosponoacetate (52) in dry 

THF (Figure 2.17).[44] 1H NMR signals showed that the synthesis was successful with the 

yield ranged from 11 to 31% for two steps 

 

 

 
 

Figure 2.17. Synthesis of ethyl (E)-5-(benzyloxy)pent-2-enoate. 

 

 

2.15. Synthesis of (E)-5-(benzyloxy)pent-2-enoic acid 
 

 

Synthesis of (E)-5-(benzyloxy)pent-2-enoic acid (60) was performed with 1 M 

NaOH solution in 1,4-dioxane at RT in 3 hours (Figure 2.18). [44] As the result of the 

reaction, the desired product was obtained with the yield ranged from 51 to 89%. 

 

 

 
 

Figure 2.18. Synthesis of (E)-5-(benzyloxy)pent-2-enoic acid. 
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2.16. Coupling Reaction of (E)-5-(benzyloxy)-N-((1R,2R)-2-(3-

chlorophenyl)-1-(4-chlorophenyl)-2-hydroxyethyl)pent-2-enamide 
 

 

Synthesis of (E)-5-(benzyloxy)-N-((1R,2R)-2-(3-chlorophenyl)-1-(4-chlorophen-

yl)-2-hydroxyethyl)pent-2-enamide (61) was performed in a coupling reaction between 

(1R,2R)-2-amino-1-(3-chlorophenyl)-2-(4-chlorophenyl)ethan-1-ol (44) and (E)-5-(ben-

zyloxy)pent-2-enoic acid (60) in dry DMF at RT for overnight by using HATU[38] (Figure 

2.19). The product was obtained with 45 % yield. 

 

 

 
 

Figure 2.19. Synthesis of (E)-5-(benzyloxy)-N-((1R,2R)-2-(3-chlorophenyl)-1-(4-
chlorophenyl)-2-hydroxyethyl)pent-2-enamide. 

 

 

2.17. Cyclization Reaction of (2R,3R,7S)-7-(2-(benzyloxy)ethyl)-2-(3-

chlorophenyl)-3-(4-chlorophenyl)-1,4-oxazepan-5-one 
 

 

(2R,3R,7S)-7-(2-(benzyloxy)ethyl)-2-(3-chlorophenyl)-3-(4-chlorophenyl)-1,4-

oxazepan-5-one (62a) and (2R,3R,7R)-7-(2-(benzyloxy)ethyl)-2-(3-chlorophenyl)-3-(4-

chlorophenyl)-1,4-oxazepan-5-one (62b) were tried to be synthesized from (E)-5-
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(benzyloxy)-N-((1R,2R)-2-(3-chlorophenyl)-1-(4-chlorophenyl)-2-hydroxyethyl)pent-2-

enamide (61) with K2CO3
[1] as base (Figure 2.20). 

 

 

 
 

Figure 2.20. Synthesis of 7-(2-(benzyloxy)ethyl)-2-(3-chlorophenyl)-3-(4-
chlorophenyl)-1,4-oxazepan-5-one isomers. 

 

 

During the trials of cyclization reaction, two different bases were used; K2CO3 

and AgCO3. First trial (Table 2.3. Entry 1) was performed with K2CO3 in MeOH and 

reaction was stirred for 2 hours. The reaction was monitored with TLC control and no 

product formation was observed, also, reactant was not consumed. It was thought to alter 

the base in the reaction along with the solvent system to be able to use higher temperatures 

to increase the reaction kinetics.  

For this purpose, next trial (Table 2.3. Entry 2) was performed with AgCO3 in 

DMF-MeOH solvent mixture in 1:1 ratio; DMF was used in order to be able to increase 

the heat of the reaction. Reaction was monitored with TLC control, and it was decided to 

stir for overnight. According to 1H NMR spectrum, it was concluded as no reaction took 

place. 

For third trial, t-ButOH was chosen to increase the temperature of the reaction 

(Table 2.3. Entry 3). The base was not changed to test only the solvent effect on the 

reaction, and MeOH-t-ButOH was used in 1:2 ratio. According to 1H NMR spectrum, the 

lack of expected signals indicating the cyclization took place were concluded as 

cyclization did not take place. 

Two trials (Table 2.3. Entry 4 and 5) were performed to understand the effect of 

reaction time by comparing them to first trial (Table 2.2. Entry 1). One of the reactions 
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was stirred for 7 hours (Table 2.3. Entry 4) and the other was stirred for 5 days (Table 

2.3. Entry 5). Reactions were monitored by TLC and their 1H NMR spectrums were 

acquired. It was concluded as no reaction took place despite the longer reaction time. 

 

 

Table 2.3. Attempts for synthesis of (2R,3R,7S)-7-(2-(benzyloxy)ethyl)-2-(3-

chlorophenyl)-3-(4-chlorophenyl)-1,4-oxazepan-5-one with a base. 

 

Entry Catalyst Solvent Temp. Time Result 

1 K2CO3 MeOH RT 2 h No reaction 

2 AgCO3 1:1 DMF:MeOH 80 °C  overnight No reaction 

3 K2CO3 1:2 MeOH:t-ButOH 70 °C overnight No cyclization 

4 K2CO3 MeOH RT 7 h No reaction 

5 K2CO3 MeOH RT 5 days No reaction 

 

 

Up to this point, coupling reaction between amino alcohol (44) and synthesized 

carboxylic acid product were performed by HATU[38] reagent to form amide bond. It was 

thought that the unsucces of the cyclization trials might be due to the distane between 

acidic proton on hydroxyl group of compound 61 and Michael acceptor. As an alternative, 

trityl alcohol (43) were designed to be coupled[38] with compound 59 by oxa-michael 

addition reaction under base catalysis[45], and the removal of Trityl protecting group was 

planned to be performed after the coupling reaction.  

 

 

2.18. Synthesis of Ethyl 5-(benzyloxy)-3-((1R,2R)-1-(3-chlorophenyl)-2-
(4-chlorophenyl)-2-(tritylamino)ethoxy)pentanoate 
 

 

Ethyl 5-(benzyloxy)-3-((1R,2R)-1-(3-chlorophenyl)-2-(4-chlorophenyl)-2-(trit-

ylamino)ethoxy)pentanoate (63) was tried to be synthesized in a reaction between 

(1R,2R)-1-(3-chlorophenyl)-2-(4-chlorophenyl)-2-(tritylamino)ethan-1-ol (43) and ethyl 

(E)-5-(benzyloxy)pent-2-enoate (59) with reagents AgOAc, BINAP and LDA in DMF at 
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-20 °C overnight (Figure 2.21).[45] According to 1H NMR spectrum it was concluded as, 

no reaction took place in this trial.  

 

 

 
 

Figure 2.21. Estimated reaction for the synthesis of ethyl 5-(benzyloxy)-3-((1R,2R)-1-
(3-chlorophenyl)-2-(4-chlorophenyl)-2-(trit-ylamino)ethoxy)pentanoate. 

 

 

Due to the unsuccessful attempt of coupling reaction between Trityl alcohol (43) 

and compound 59, a new synthesis pathway was planned (Figure 2.22) as preparing a side 

chain for amino group[1], and then cyclization were decided to be attemped.  

 

 

 
 

Figure 2.22. New estimated pathway for the desired derivative of 1,4-oxazepan-5-one. 

 

 

For this aim, a chiral epoxide, compound 64, was chosen for the coupling reaction 

under base catalysis. Sulfonation of the hydroxyl group of the resulting alcohol will be 
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employed as leaving group in a coupling reaction with the amino alcohol (44). In this 

manner, it was thought to ease the cyclization process and derivative of the desired 1,4-

oxazepan-5-one ring will be synthesized. 

 

 

2.19. Synthesis of (R)-2-((3,4-dimethoxybenzyl)oxy)-1-phenylethan-1-ol 
 

 

(R)-2-((3,4-dimethoxybenzyl)oxy)-1-phenylethan-1-ol (66) was tried to be 

synthesized in a reaction between (R)-2-phenyloxirane (64) and (3,4-

dimethoxyphenyl)methanol (65) with NaH (Figure 2.23).  

 

 

 
 

Figure 2.23. Estimated reaction for the synthesis of (R)-2-((3,4-dimethoxybenzyl)oxy)-
1-phenylethan-1-ol. 

 

 

First trial (Table 2.4. Entry 1) was performed at 60 °C for 6 hours. The reaction 

was monitored with TLC control. According to H1 NMR spectrum, the reactant was not 

consumed  

 

 

Table 2.4: Reaction conditions for the attempted synthesis of (R)-2-((3,4-
dimethoxybenzyl)oxy)-1-phenylethan-1-ol 

 

Entry Temperature Time Result 

1 60 °C 6 h Incomplete  

2 60 °C overnight Could not be purified 
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2.20. Synthesis (R)-2-methoxy-1-phenylethan-1-ol 
 

 

(R)-2-methoxy-1-phenylethan-1-ol (67a) was tried to be synthesized in a reaction 

between (R)-2-phenyloxirane (64) and methanol with NaH as a base (Figure 2.24).[46] The 

reaction took place at 60 °C, heat was appiled to enhance the reaction kinetics. 

 

 
 

Figure 2.24: Synthesis of (R)-2-methoxy-1-phenylethan-1-ol. 
 

 

According to 1H NMR spectrum it was understood that epoxide was also opened 

from substituted side, probably because of the unhindered, small structure of the 

methanol. Thus, a bulky alcohol (t-BuOH) was decided to be used for further trials. It was 

thought to use t-BuOH with t-BuOK to increase the the chance of success of the reaction. 

 

 

2.21. Reactions of t-BuOK with Styreneoxides 
 

 

(R)-2-(tert-butoxy)-1-phenylethan-1-ol (69) was tried to be synthesized in a 

reaction between (R)-2-phenyloxirane (64) and t-butoxide (68) (Figure 2.25). 

 

 

 
 

Figure 2.25: Synthesis of (R)-2-(tert-butoxy)-1-phenylethan-1-ol. 
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The reaction was performed in dry THF at RT and stirred for overnight and 

monitored with TLC control. It was observed that the product was not formed, therefore, 

reaction mixture was heated to 60 °C and stirred for overnight under reflux. Reaction 

mixture was monitored with TLC and it was concluded as no reaction had occurred. It 

was thought to use a stronger base than t-BuOK, or, additional base use might increase 

the chance of formation of the product. Thus, in the next trial NaH was decided to be used 

too.  

Synthesis of 2-(tert-butoxy)-1-(p-tolyl)ethan-1-ol (71) was tried to be performed 

from the reaction between  and t-ButOK (68) 2-(p-tolyl)oxirane (70), which was 

synthesized from 1-methyl-4-vinylbenzene with the catalysis of mCPBA in DCM at RT 

in 5 hours [47], NaH and t-ButOK was used as bases for this purpose (Figure 2.26). 

 

 

 
 

Figure 2.26. Synthesis of 2-(tert-butoxy)-1-(p-tolyl)ethan-1-ol. 
 

 

In the first trial (Table 2.5. Entry 1) the product was formed with 16 % yield. 

Another trial (Table 2.5. Entry 2) was performed to increase the yield by slowly 

increasing the temperature up yo 100 °C, however, 5 % yield was obtained. Because of 

the low yield, it was decided to change the synthesis pathway. 

 

 

Table 2.5: Reaction conditions for the synthesis of 2-(tert-butoxy)-1-(p-tolyl)ethan-1-ol. 

 

Entry Base Solvent Temperature Time Result 

1 t-ButOK 
NaH 

t-ButOH-
DMF 

147 °C 5.5 h 16 % 
yield 

2 t-ButOK 
NaH 

t-ButOH-
DMF 

100 °C  3 h 5 % 
yield 
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CHAPTER 3 

 

EXPERIMENTAL 
 

3.1. General Procedures 
 

 

Reagents were used as supplied and purchased from Sigma-Aldrich and Riedel 

(Extra pure grade). Reactions were monitored by thin layer chromatography by using 

Merck TLC plates (Silica gel 60 F254). Chromatographic separations and isolations of 

compounds were performed by column chromatography. 70-230 mesh silica gel was used 

for column chromatography. Solvents were also commercial grade and were used as 

supplied. 1H NMR data were recorded on Varian 400-MR (400 MHz) spectrometer. 

Chemical shifts for 1H-NMR are reported in δ (ppm). CDCl3 peaks were used as reference 

in 1H-NMR (7.26 ppm). 

 

 

3.2. N-Trityl Protection of (R)-2-amino-2-(4-chlorophenyl)acetic acid 
 

 

500 mg (R)-2-amino-2-(4-chlorophenyl)acetic acid (38) (2.7 mmol) was dissolved 

in 6 mL dry DMF in a two necked flask under N2 atmosphere. 360 μL trimethylsilyl 

chloride (307 mg, 2.82 mmol) was added, reaction mixture was stirred for approximately 

15 minutes for cloudiness to disappear. Then, 828 mg tritylchloride (2.97 mmol) and 751 

μL Et3N (546 mg, 5.4 mmol) were added, respectively. The reaction mixture was stirred 

under N2 atmosphere for 4 hours at RT then, it was diluted with 30 mL diethyl ether and 

30 mL water. The reaction mixture was acidified to pH=3 with 0.05 M H2SO4 and was 

extracted with diethyl ether (3x30 mL). Organic phase was washed with 150 mL water 

and 150 mL brine solution. The combined organic phases were dried over anhydrous 

MgSO4, then filtered. The organic solvent is evaporated under reduced pressure and the 

crude product was concentrated under vacuum. The resultant product (39) was obtained 

as white foam.[1]  
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H1 NMR data was acquired for crude product with CDCl3. The product was used 

in the next step without purification. 

 

 

 
 

 

3.3. Reduction of (R)-2-(4-chlorophenyl)-2-(tritylamino)acetic Acid with 

LiAlH4 

 

 

In a two necked flask (R)-2-(4-chlorophenyl)-2-(tritylamino)acetic acid (39) (1 

eq, 2.7 mmol) was dissolved in 4 mL dry THF. 205 mg LiAlH4 (2 eq, 5.4 mmol) was 

dissolved in 4 mL dry THF then, it was added into reaction flask dropwise. The reaction 

mixture was stirred for 3 hours at RT under N2 atmosphere then it was cooled to 0 °C. 

The reaction was quenched with approximately 10 mL distilled water then it was diluted 

with 30 mL diethyl ether. After the reaction mixture was warmed back to RT, it was 

acidified with 0.05 M H2SO4 to pH 5. Then it was extracted with 3x30 mL diethyl ether. 

The organic phase was washed with 150 mL 1 M NaOH and 150 mL brine solutions then 

dried over anhydrous MgSO4 and filtered. The organic solvent was evaporated under 

reduced pressure and the crude product was purified in 3x20 cm SiO2 gel column prepared 

with hexane [1:8 EtOAc:Hex]. The product (40) was obtained as white foam.[1] Collected 

product was concentrated under vacuum and H1 NMR data was acquired with CDCl3 

(62.2% yield). 
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3.4. Oxidation of (R)-2-(4-chlorophenyl)-2-(tritylamino)acetaldehyde by 

Dess Martin Periodinane 
 

 

In a two necked flask 682 mg (R)-2-(4-chlorophenyl)-2-(tritylamino)acetaldehyde 

(40) (1 eq, 1.65 mmol) is dissolved in 6 mL dry DCM. 1334 mg Dess-Martin periodinane 

(2 eq, 3.30 mmol) was added in portions. The reaction mixture was stirred for 1 hour 

under N2 atmosphere at RT. 1826 mg Na2SO3 (7 eq, 11.55 mmol) dissolved in 50 mL 10 

% NaHCO3 solution, then the mixture was stirred for 10 min. It was extracted with diethyl 

ether (3x30 mL) and organic phase was washed with 100 mL saturated NaHCO3 and 100 

mL brine solutions, then, it was dried over MgSO4 and filtered.[1] Organic solvent was 

evaporated under reduced pressure and crude product (41) was concentrated under 

vacuum and obtained as white foam. 

H1 NMR data was acquired in CDCl3. 643 mg crude product with 94.5% yield 

was used in the next step without purification. 
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3.5. Synthesis of (1R,2R)-1-(3-chlorophenyl)-2-(4-chlorophenyl)-2-

(tritylamino)ethan-1-ol by Grignard Reaction with (3-chlorophen-

yl)magnesium bromide 
 

 

643 mg (R)-2-(4-chlorophenyl)-2-(tritylamino)acetaldehyde (41) (1 eq, 1.36 

mmol) was dissolved in a two necked flask at -40 °C with 5 mL dry THF under N2 

atmosphere. The Grignard reagent (42), (3-chlorophenyl)magnesium bromide, (2 eq, 2.72 

mmol, 5.44 mL) was added dropwise. The reaction mixture was stirred for 2 hours at -40 

°C under N2 atmosphere. The reaction was diluted with 30 mL EtOAc and 30 mL distilled 

water in portions, then, aqueous layer was acidified with 0.05 M H2SO4 solution to pH 5. 

It was extracted with EtOAc (3x30 mL). The combined organic phases were dried over 

MgSO4 and organic solvent was evaporated under reduced pressure. The crude product 

is purified through 3x25 cm SiO2 gel column prepared with hexane [1:14 EtOAc:Hex].[1] 

The collected substance was concentrated under vacuum and obtained as white foam (43).  
1H NMR spectrum was acquired in CDCl3. 257 mg desired product was obtained 

with 32 % yield and 1:0.14 diastreomeric ratio. 
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3.6. Synthesis of (1R,2R)-2-amino-1-(3-chlorophenyl)-2-(4-chlorophen-

yl)ethan-1-ol by Deprotection of N-Trityl Group with Trifluoroacetic 

Acid 
 

 

225 mg (1R,2R)-1-(3-chlorophenyl)-2-(4-chlorophenyl)-2-(tritylamino)ethan-1-

ol (43) (0.43 mmol, 1 eq) was dissolved in a two necked flask in 4 mL DCM. 0.8 mL 

TFA and 15 μL distilled water were added on reaction mixture respectively. Reaction 

mixture was stirred for 45 minutes at RT under N2 atmosphere, then, it was diluted with 

10 mL DCM and 10 mL NaHCO3 solution and it was extracted DCM (3x30 mL). Organic 

phase was dried over anhydrous MgSO4 and organic solvent was evaporated under 

reduced pressure. Crude product was purified through 3x23 cm SiO2 gel column prepared 

with chloroform [100:8 Chloroform:MeOH].[1] Desired product (44) is collected and 

concentrated under vacuum then H1 NMR data was acquired with CDCl3. The yellow oily 

product was synthesized in 87 mg with 74% yield. 

 

 

 
 

 

3.7. Synthesis of (E)-5-methoxy-5-oxopent-3-enoic Acid by Dietyl 

azodicarboxylate and Resin Bounded Triphenyl Phosphine 
 

 

100 mg (E)-pent-2-enedioic acid (45) (1 eq, 0.77 mmol) and 125 μL methanol (4 

eq, 3.08 mmol) were dissolved in 8 mL dry DCM. 370 μL DEAD (1.1 eq, 0.85 mmol) 

and 283 mg r-PPh3 (1.1 eq, 0.85 mmol) were added, respectively. The reaction mixture 
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was stirred at RT overnight under N2 atmosphere. The reaction mixture was filtered with 

DCM through a filter paper, then, DCM was evaporated under reduced pressure. The 

product was purified through a 3x25 cm SiO2 gel column prepared with hexane [1:1 

Hex:EtOAc 1% HOAc 2% MeOH]. The purified product was collected and concentrated 

under vacuum, then, H1 NMR data was acquired with CDCl3.[35] The desired product, 

compound 48a, was formed but was not isolated from 48b. 

 

 

 
 

 

3.8. Synthesis of 3-((tert-butyldimethylsilyl)oxy)propanal from the 

Oxidation of 3-((tert-butyldimethylsilyl)oxy)propan-1-ol by PCC 
 

 

194 mg NaOAc (2.4 mmol, 0.9 eq) was dissolved in 4 mL dry DCM. 500 mg 3-

((tert-butyldimethylsilyl)oxy)propan-1-ol (50) (2.6 mmol, 1 eq) was added into reaction 

flask. Addition of 625 mg PCC (2.9 mmol, 1.1 eq) is done in two portions at 0 °C. 

Reaction mixture is stirred for 1.5 h at RT under N2 atmosphere. The reaction was diluted 

with approximately 100 mL of diethyl ether and stirred for 5 minutes. Mixture was filtered 

through a short column (3x5 cm) of SiO2 gel prepared diethyl ether, SiO2-MgSO4 gel 

mixture (3x5 cm) prepared with diethyl ether on top. The substance was filtered by with 

total of 300 mL of diethyl ether. Collected organic phase was washed with 250 mL 10% 

NaOH and 250 mL brine solutions, then it was dried over MgSO4. The product (51) was 

concentratred to 15 mL of diethyl ether solution under reduced pressure and used 

immediately without purification.[37] 
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3.9. Synthesis of ethyl (E)-5-((tert-butyldimethylsilyl)oxy)pent-2-enoate 

from the Esterification Reaction between 3-((tert-

butyldimethylsilyl)oxy)propanal and phosphonoacetate 
 

 

63.2 mg 60 % NaH (1.58 mmol, 1.5 eq) was dissolved in 3 mL dry THF at 0 °C. 

Triethyl phosphonoacetate (52) was added in 5 portions (64 μLx5=320 μL, 1.58 mmol, 

1.5 eq) in 20 minutes. Once the addition is completed, reaction mixture was stirred for 40 

min at 0 °C under N2 atmosphere. After 40 minutes, reaction mixture was cooled to -78 

°C and 3-((tert-butyldimethylsilyl)oxy)propanal (51) was added in portions in 30 minutes. 

As the addition is completed, reaction mixture was warmed to 0 °C and stirred for 30 

minutes. Reaction was monitored with TLC and reaction mixture was diluted with EtOAc 

and extracted with 30 mL NH4Cl. Organic phase was washed with 4x20 mL water and 

brine solutions. Then it was dried over MgSO4 and filtered. The organic solvent was 

evaporated with rotary evaporator and the product was purified through a SiO2 gel column 

prepared with hexane [1:20 EtOAc:Hex], then, collected fraction concentrated under 

reduced pressure. 1H NMR spectrum was acquired and it was concluded that the product 

(53) was synthesized with 60 % yield. [38]  
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3.10. Synthesis of 3-(benzyloxy)propan-1-ol through the Coupling 

Reaction between Propane-1,3-diol and (bromomethyl)benzene 
 

 

400 mg 60 % NaH (14.5 mmol, 1.1 eq) was dissolved in 3 mL dry DMF. The 

reaction flask was cooled to 0 °C and 950 μL propane-1,3-diol (55) (13.14 mmol, 1 eq) 

was added on reaction mixture dropwise. Reaction was stirred for 10 minutes at 0 °C. 1.6 

mL (bromomethyl)benzene (56) (13.14 mmol, 1 eq) was added on reaction mixture 

cautiously at 0 °C then reaction was warmed to RT. Reaction was stirred for 18 hours 

under N2 atmosphere at RT then, it was diluted by distilled water and EtOAc and reaction 

mixture was extracted with 3x30 mL EtOAc. Combined organic phases were washed with 

approximately 1.5 L of distilled water to remove DMF, then dried over anhydrous MgSO4 

and filtered. The product was purified through a 3x22 cm SiO2 gel column prepared with 

hexane [1:3 EtOAc:Hex]. 1H NMR spectrum was acquired and it was concluded that the 

product was synthesized successfully with little amount of benzyl alcohol.[40] 

 

 

 
 

 

3.11. Oxidation of 3-(benzyloxy)propanal from 3-(benzyloxy)propan-1-
ol by PCC 
 

 

302 mg NaOAc (3.7 mmol, 0.9 eq) was dissolved in 4 mL dry DCM. 680 mg 3-

(benzyloxy)propan-1-ol (57) (4.1 mmol, 1 eq) was added into reaction mixture. 970 mg 

PCC (5 mmol, 1.1 eq) was added in portions then reaction mixture was stirred for 1.5 h 

at RT under N2 atmosphere. Reaction was diluted with 100 mL diethyl ether then, stirred 

for 5 minutes then filtered through a short (3x5 cm) of SiO2 gel prepared diethyl ether, 

SiO2-MgSO4 gel mixture (3x5 cm) prepared with diethyl ether on top. Column was 

washed with total of 300 mL diethyl ether, then, organic phase is washed with 250 mL 
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10% NaOH and 250 mL brine solutions. It was dried over MgSO4, filtered and 

concentratred to 15 mL of diethyl ether solution under reduced pressure and the product 

(58) was used immediately without purification.[41] 

 

 

 
 

 

3.12. Synthesis of ethyl (E)-5-(benzyloxy)pent-2-enoate from the Wittig 

Reaction between 3-(benzyloxy)propanal and Triethyl 

Phosphonoacetate 
 

 

245 mg 60 % NaH (6 mmol, 1.5 eq) was dissolved in 4 mL dry THF at 0 °C. 1216 

μL 2-(diethoxyphosphoryl)acetate (52) (6.14 mmol, 1.5 eq) was added in 4 portions (300 

μLx4=1200 μL in 20 minutes. Once the addition is completed, reaction mixture was 

stirred for 40 min at 0 °C under N2 atmosphere. After 40 minutes, reaction mixture was 

cooled to -78 °C and 70 mL 3-(benzyloxy)propanal (58) was added in portions in 30 

minutes. As the addition is completed, reaction mixture was warmed to 0 °C and stirred 

for 30 minutes. Reaction mixture was extracted with 30 mL NH4Cl. Organic phase was 

washed with 4x20 mL water and brine solutions, then, it was dried over MgSO4 and 

filtered. The substance was purified through a SiO2 gel column (3x25 cm) prepared with 

hexane [1:8 EtOAc:Hex]. The collected product was concentrated under reduced pressure 

and H1 NMR spectrum was acquired, it was concluded that the product (59) was 

synthesized successfully.[42] 
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3.13. Synthesis of (E)-5-(benzyloxy)pent-2-enoic Acid 
 

 

254 mg ethyl (E)-5-(benzyloxy)pent-2-enoate (59) (1.08 mmol, 1 eq) was 

dissolved in 1.5 mL 1,4-dioxane. Then 2.16 mL 1 M NaOH (0.43 mmol, 2 eq) was added. 

Reaction mixture was stirred for 3 h at RT under N2 atmosphere. Reaction mixture was 

concentrated under reduced pressure, then, was diluted with 100 mL distilled water and 

extracted with 2x50 mL diethyl ether. The pH of the water phase was adjusted to 1.5 with 

1 M HCl. Then, the pH arranged water phase was extracted with 3x30 mL EtOAc. 

Organic phases collected separately, dried over anhydrous MgSO4, filtered and 

concentrated under reduced pressure. 1H NMR spectrum was acquired and it was 

concluded that the product was synthesized successfully.[42] 

 

 

 
 

 

3.14. Synthesis of (E)-5-(benzyloxy)-N-((1R,2R)-2-(3-chlorophenyl)-1-
(4-chlorophenyl)-2-hydroxyethyl)pent-2-enamide  
 

 

88 mg of compound 44 (0.31 mmol, 1 eq) was dissolved in 1 mL dry DMF in a 

two necked flask. 130 mg HATU (0.34 mmol, 1.1 eq), 107 μL DIPEA (0.62 mmol, 2 eq) 

and 64 mg (E)-5-(benzyloxy)pent-2-enoic acid (60) (0.31 mmol, 1 eq) was mixed in 

another flask and was dissolved in 1.5 mL dry DMF, then, was added over compound 44. 

Reaction mixture was stirred overnight at RT under N2 atmosphere, then, it was diluted 

with water and EtOAc. Aqueous layer was acidified to pH 1.5-2 with 0.05 M H2SO4 and 

it was extracted with 3 x 30 mL EtOAc. Combined organic phases were extracted with 

distilled water and dried over anhydrous MgSO4 and filtered. The product was purified 

in a SiO2 gel column (3 x 25 cm) prepared with chloroform [100ch:4MeOH]. Collected 
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fractions containing the product were concentrated under reduced pressure and 1H NMR 

spectrum was acquired with CDCl3. It was concluded as the product (61) was formed. 
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CHAPTER 4 
 

CONCLUSION 
 

 

The importance of designing a pharmacophore for the inhibition of the interaction 

between p53 gene and MDM2 comes from the feedback mechanism between them. p53 

gene induces cell cycle arrest and apoptosis under stress. MDM2 being the main inhibitor 

of p53, when overexpressed in the case of mutation, cell proliferates and carcionegesis 

takes place.  

In this study it was aimed to synthesize a new inhibitor for this interaction as an 

approach for cancer therapy and to extend the contents of the literature with novel chiral 

oxazepine derivatives. 

Synthesis for the desired oxazepine derivatives started with the amino group 

protection of (R)-2-amino-2-(4-chlorophenyl)acetic acid with trityl group. Trityl 

protected aminoacid (39) was then reduced to alcohol (40) by LiAlH4 which is followed 

by the oxidation to aldehyde (41) by Dess Martin Periodinane. Addition of 3-

chlorophenylmagnesium bromide to the aldehyde by grignard reaction gave the product 

of trityl alcohol (43) then, deprotection of N-amino group was performed with TFA and 

amino alcohol (44) was synthesized.  

Different carboxylic acid derivatives were planned to be coupled with amino 

alcohol. Compound 47 was coupled with the amino alcohol (43), because of the 

challenges during work-up due to benzyl alcohol, a low boiling point alcohol was 

selected. Therefore, compound 48 was synthesized to be coupled with amino alcohol (43), 

during the coupling reaction, polymerizartion of compound 48 took place. In order to 

prevent it, one-side TBDMS protected diol was used to synthesize compound 54, however 

the desired product was not formed. Due to low stability of TBDMS protecting group, 

benzyl group was selected as protecting group of an alcohol and compound 60 was 

synthesized then coupled with amino alcohol (44) to give compound 61.  

Cyclization trials were performed with compound 61 under base catalysis, 

however, the desired product was not formed probably due to the reaction between the 

base and the acidic amino proton. Therefore, trityl deprotection was designed to be 

performed after the coupling reaction, the compound 63 was designed to be obtained, 

however no reaction took place. In order to inhibit the possible reaction between acidic 
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proton on amide group and the base used in cyclization, a side chain was designed to be 

synthesized for amino group. First trials were performed with compound 66, but due to 

the impurities probably related with the benzyl alcohol, MeOH was decided to be used to 

obtain compound 67. Because of the small structure of MeOH, it opened the epoxide ring 

from both sides and compounds 67a and 67b was formed. The last trials were performed 

with t-ButOH to obtain compound 69. Due to low yield of the reactions, t-ButOH was 

also not used.  

In this work, a strong base was not used in cyclization reaction because of its 

possible reaction with the acidic proton on amino group. A side chain, that will not cause 

steric effect in 3D during cyclization,  might be designed to be used for amino group on 

amino alcohol (44). In the presence of a stronger base, cyclization reaction might take 

place.   
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