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Chapter-1 

Introduction 

1.1 A brief introduction to heterocyclic compounds 

Heterocyclic compounds, generally called heterocycles, are a major class of organic 

compounds in which one of the constituent members should be heteroatom and the 

IUPAC Gold Book describes them as “Cyclic compounds having as ring member atoms 

of at least two different elements, e.g., quinoline, 1,2-thiazole, 

bicyclo[3.3.1]tetrasiloxane”.1 The prefix hetero- (from Greek heteros, meaning “other” or 

“different”) refers to the non-carbon atoms, or heteroatoms, in the ring, while the cyclic 

part (from Greek kyklos, meaning “circle”) of a heterocycle indicates that at least one 

ring structure is present in such a compound.2 Nitrogen, oxygen, and sulfur are the most 

common heteroatoms present, but heterocycles with other heteroatoms are also widely 

reported. Heterocyclic compounds can be broadly classified into aliphatic and aromatic 

heterocycles. The aliphatic heterocycles are analogues of amines, ethers, thioethers, 

amides, etc. and the presence of ring strain mainly influences their properties. Aziridine 1, 

oxirane 2, thiirane 3, azetidine 4, oxetane 5, thietane 6, pyrrolidine 7, tetrahydrofuran 8, 

tetrahydrothiophene 9, piperidine 10, etc. are the common aliphatic heterocycles (Figure 

1.1A). One of the rules governing the aromaticity of a heterocycle is Huckel's rule 

according to which any cyclic planar conjugated system having 4n+2  electrons are 

aromatic. Some of the examples include pyrrole 11, furan 12, thiophene 13, imidazole 14, 

pyrrazole 15, etc. (Figure 1.1A). According to the heteroatom present in the ring, 

heterocycles can also be classified as oxygen, nitrogen or sulphur based and within each 

class compounds are organized based on the size of the ring. 

 

Figure 1.1A. Examples of aliphatic and aromatic heterocycles. 
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Heterocyclic chemistry is the branch of chemistry that deals exclusively with synthesis, 

properties and applications of heterocycles especially with those vital to drug design and 

accounts for nearly one third of the current publications in organic chemistry. In fact, 

two-thirds of organic compounds are heterocyclic in nature. Heterocyclic compounds are 

widely distributed in our nature and they are the major components of biological 

molecules essential to life; they play a crucial role in the metabolism of all living cells. 

Nucleotides, the building blocks of RNA and our genetic material DNA are also the 

derivatives of heterocyclic bases namely pyrimidines (adenine and guanine) and purines 

(cytosine, thymine, and uracil). Chlorophyll, the pigment required for photosynthesis and 

heme, the oxygen carrier in plants and animals are derivatives of the porphyrin ring. 

Essential diet ingredients such as thiamin (vitamin B1), riboflavin (vitamin B2), 

nicotinamide (vitamin B3), pyridoxine (vitamin B6) and ascorbic acid (vitamin C), etc. 

are heterocyclic compounds as well. Moreover, a large number of heterocyclic 

compounds, both synthetic and natural, are pharmacologically active and are in clinical 

use. 

The history of heterocyclic chemistry started along with the development of organic 

chemistry in the early 1800s (Figure 1.1B). Compounds with aromatic heterocyclic rings 

are reported in the initial studies of organic chemistry. For example, Alloxan 16 was 

isolated by Brugnatelli from uric acid 17 in 1818.3 The other derivatives of uric acid, 

purines 18 and pyrimidines 19 were described in 1838 by Wöhler and Liebig, but the 

laboratory synthesis was reported only in the late 19th century.3,4 Meanwhile, furan 12 

derivative, furfural 20 was isolated by Dobereiner in 1821 (published in 1832) by treating 

starch with sulphuric acid. Later in 1870, Perkin synthesized benzofuran 21 from 

coumarin 22.3 The most commonly known nitrogen heterocycles, pyrrole 11 and pyridine 

23 were discovered in 1850s in an oily mixture formed by strong heating of bones. At the 

same time, chemistry of the well-known benzopyrrole, Indole 24 began to develop along 

with the study of indigo dye 25. Thiophene 13, a frequent contaminant of the benzene 

was first discovered during the purification of benzene in 1882. In 1951, the role of 

heterocyclic compounds (purines 18 and pyrimidines 19) in the genetic code was 

described by Chargaff's rules. 
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Figure 1.1B. History of heterocyclic chemistry. 

1.1.1 Application of heterocyclic compounds 

Heterocycles are one of the vital classes of organic compounds, and are present in wide 

varieties of drugs, vitamins, biomolecules, many natural products, and compounds with 

biological activities like antitumor, antibiotic, anti-inflammatory, antidepressant, 

antimalarial, etc.5 Also, they have been commonly found as a key structural unit in 

synthetic pharmaceuticals and agrochemicals. Most of the heterocycles possess important 

applications in materials science such as fluorescent sensor, brightening agents, dyestuff, 

information storage, plastics, analytical reagents, photographic materials and recorders of 

information. In addition, they have applications in supramolecular and polymer 

chemistry, especially in conjugated polymers. They are also used in food and cosmetic 

industry. Moreover, they act as organic conductors, semiconductors, molecular wires, 

photovoltaic cells, organic light-emitting diodes (OLEDs), light harvesting systems, 

optical data carriers, chemically controllable switches, and liquid crystalline compounds. 

Heterocycles are also of considerable interest because of their synthetic utility as 

synthetic intermediates, protecting groups, chiral auxiliaries, organocatalysts, and metal 

ligands in asymmetric synthesis, etc. Because of the enormous pharmacological and 

biological properties, substantial attention has been paid to develop new efficient methods 

to synthesize heterocycles. 
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1.1.1A Biological importance 

For thousands of years, people extracted medicine from ‘nature’s own drugstore’, 

comprising sources such as leaves, fruits, barks, and herbs for curing diseases. It was later 

realized that the successful traditional treatments of this type were triggered by various 

heterocyclic compounds present in the extracts derived from plants, animals, and insects. 

Nowadays heterocycles are common structural units in many of the marketed drugs and 

medicinal chemistry targets in the drug discovery process. 

In the recent years there has been growing interest in synthesizing heterocyclic 

compounds with excellent biological activity.5h,5i Most of the heterocyclic compounds 

such as benzimidazole, quinazolines show potent anti-tumor activity, and some of them 

are pharmacologically active against life-threatening infections caused by pathogenic 

fungi on the immune system like cancer, AIDS, Ebola, etc. Heterocyclic compounds find 

wide variety of applications as therapeutic agents, especially as antibacterial and 

antifungal agents which show activity against certain viruses such as HIV. In addition, 

they also function as anticancer, antiulcer, antiallergic agents, etc. 

1.1.1Aa. Antibacterial activity 

Antibacterial drugs or antibiotics are substances that are active against bacteria and may 

either kill or suppress the growth of these organisms. They are either produced by 

microorganisms (antibiotics) or by chemical synthesis. In the late 19th century, Louis 

Pasteur commented on the observed antagonism between some bacteria, and suggested 

that it would offer great hope for therapeutics.6 The utilization of antibacterial agents in 

treating ailments started with the discovery of synthetic antibiotics derived from dyes.7 In 

1907, Paul Ehrlich discovered a medicinally useful drug, the first synthetic antibacterial, 

salvarsan (arsphenamine) by screening hundreds of dyes against various organisms which 

was used to treat syphilis in the first half of the 20th century.8 Later in 1928, the first 

natural antibiotic penicillin was discovered by Alexander Fleming, and was successfully 

used to treat Streptococcus infection from 1942. The discovery of the first sulphonamide 

antibacterial drug, prontosil by the German pathologist Gerhard Domagk in 1932, opened 

the era of antibacterials.9 

Heterocycles play a tremendous role in the development of potent antibacterial agents 

from the discovery of the first natural antibiotic penicillin, which is composed of a five-
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membered thiazolidine ring and a four-membered azetidine nucleus in the form of β-

lactam. It was found that the lack of the β-lactam ring structure can destroy the 

antibacterial activity of penicillin.10 Modifications on the penicillin nucleus led to the 

discovery of more successful drugs like imipenem, aztreonam, etc.11 Moreover, the 

intensive research work demonstrated that modification on the first sulphonamide 

heterocyclic drug prontosil with the introduction of heterocyclic substituents markedly 

enhanced their biological activity. Later, a large number of antibacterial drugs came to the 

market which are of either natural origin or semi-synthetic derivatives or purely synthetic 

which includes quinolines, oxadiazoles, isoxazoles, thiazines, nitrofuran, etc.12 Some of 

the representative antibacterial drugs are listed in the figure 1.1C. 

 

Figure 1.1C. Examples of marketed antibacterial drugs. 

1.1.1Ab. Antifungal activity 

Invasive, life-threatening fungal infections are devastating, particularly for immuno-

compromised patients. The antifungal drug discovery started with the use of 

Amphotericin B, a polyene, in 1958.13 Later, many heterocyclic compounds such as 
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polyenes, azoles, echinocandins, etc. emerged as potent antifungal drugs.14 Imidazole and 

1,2,4-triazole are also one of the most important representative drug groups used as 

antifungal agents and some of them are listed in figure 1.1D. 

 

Figure 1.1D. Representative examples of antifungal drugs in current use. 

1.1.1Ac. Analgesic and Anti-inflammatory activity 

The anti-inflammatory nature is the property of a substance or treatment that reduces 

inflammation or swelling, and half of the anti-inflammatory drugs belong to the family of 

analgesics, remedying pain by reducing inflammation. They can be further classified into 

steroidal and non-steroidal anti-inflammatory drugs (NSAIDs), and the action of NSAIDs 

is to alleviate pain by counteracting the cyclooxygenase (COX) enzyme, either in a 

selective or non-selective manner. A number of NSAIDs such as indomethacin, 

ibuprofen, phenylbutazone, oxyphenbutazone, diclofenac, fenoprofen, carprofen, 

benoxaprofen, sulindac, andaspirin, etc. are available in the market. Heterocycles such as 

pyrimidine, pyridine, thiazole, triazole, etc. are well explored as anti-inflammatory 

agents, and they act either in a non-selective or selective manner.15 Analgesics are another 
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class of drugs that relieve pain. They can be divided into opioid and non-opioid drugs 

depending on the involvement of the opioid receptors located in the central nervous 

system. Majority of the recently introduced analgesic and anti-inflammatory drugs 

belongs to heterocyclic family and some of them are listed below (Figure 1.1E).16 

 

Figure 1.1E. Examples of analgesic and anti-inflammatory drugs. 

1.1.1Ad. Heterocycles against parasitic diseases 

Parasitic disease is an infectious disease which affects millions of people with a high 

mortality rate. Malaria, trypanosomiasis, leishmaniasis and chronic diarrhoea are the 

major parasitic diseases which pose an increasing threat to human health and welfare. 

These are caused by Plasmodium, Trypanosoma, Leishmania, and intestinal protozoa.17 

The disclosure of the anti-malarial activity of quinines opened up a greater scope for the 

drug discovery against these parasites. Chloroquine, a quinine derivative is considered to 

be the third largest drug produced and consumed in the world. Nowadays the 

development of the genomic sequencing of parasitic organisms has helped in discovering 

new drug targets, which in turn has helped to design better, safer and effective drugs. 

Many heterocyclic compounds with different modifications are explored to have potential 

activity against parasites and some of them are listed in figure 1.1F.18 
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Figure 1.1F. Some of the heterocyclic molecules having anti-parasitic activity. 

1.1.1Ae. Antiviral agents 

Enormous scientific efforts have been devoted in finding potential and efficient drugs for 

treating life-threatening viral infections like HIV, herpes viruses, the hepatitis B and C 

viruses, and influenza A and B viruses. The evolvement of knowledge in the field of 

genetic and molecular function of organisms has greatly helped in developing antiviral 

drugs. A number of heterocyclic compounds are being utilized to fight viral infections, 

and some of them are listed below (Figure 1.1G).5a 

 

Figure 1.1G. Examples of antiviral drugs. 
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1.1.1Af. Anticancer agents 

Heterocyclic compounds are the true corner stones of medicinal chemistry as they 

represent most of the currently marketed pharmaceuticals, along with their intrinsic 

versatility and unique physicochemical properties. Apart from the already marketed 

drugs, numerous other heterocyclic compounds are being examined for their promising 

activities.5a,19 Moreover, the development of anticancer drugs has been a principal focus 

for several decades. There are many naturally occurring heterocyclic compounds, namely 

the alkaloids, taxols and synthetic heterocycles which display potent anticancer activity, 

few of them are listed in Figure 1.1H.20 

 

Figure 1.1H. Examples of anticancer drugs. 
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1.1.1Ag. Heterocycle used to cure brain and heart related problems 

A large class of heterocyclic drugs are employed for the treatment of brain and heart 

related problem such as antihypertensive, antianginal, antidepressant, etc. 1,4-

dihydropyridine, azines and azoles, heteroaromatic compounds, etc. are explored as 

effective cardiovascular agents, while a number of thiazepine and diazepine derivatives 

are successfully used for the treatment of brain disorders (Figure 1.1I).5a 

 

Figure 1.1I. Examples of drugs used for brain and heart related problems. 

1.1.1B. Agricultural importance 

During the last decades, exhaustive efforts have been undertaken to discover safer, 

environment friendly and active chemicals that help to stimulate or regulate the growth 

and development of plants, and for the specific control of weeds, bugs, and fungal 

infections.5a,21 Approximately 70% of chemicals that have been utilized in agriculture 

within the last 20 years bear at least one heterocyclic ring. Heterocyclic compounds, 

especially azoles, thiadiazole, isoxazole, benzimidazole, dihydropyrimidinones, azines, 

and benzodiazepine derivatives are frequently employed as pesticides. Other heterocycles 

such as sulfonylureas and indole derivatives are of great help in the growth and 
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development of plants. Some of the agrochemicals that are currently in the market are 

listed below (Figure 1.1J). 

 

Figure1.1J. Some of the currently marketed agrochemicals. 

1.1.1C.Heterocycles in industry and technology 

Heterocycles possess vital applications and have become indispensable in the 

development of industry and technology including the biomedical sciences, electronics, 

communications, and aerospace technology. They remain enormously important both in 

modern and traditional branches of industry such as the dye industry, food industry, etc. 

Nowadays heterocycles find applications as fluorescent sensors, brightening agents, 

dyestuff, information storage, plastics, analytical reagents, photographic materials and 

recorders of information. In addition, they have applications in the food industry as food 

additives and in the modern market of cosmetics and perfumery products. They also 

occupy an essential place in the field of analytical chemistry for the determination of 

various metal ions and compounds. Moreover, they act as organic conductors, 

semiconductors, molecular wires, photovoltaic cells, organic light-emitting diodes 

(OLEDs), light harvesting systems, optical data carriers, chemically controllable 

switches, and liquid crystalline compounds (Figure 1.1K).5a 
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Figure1.1K. Heterocycles used in industry and technology. 

Due to their enormous importance in pharmaceutical industry, medicinal industry and 

various drug development areas, enough concerns have been given for the design, 

synthesis and application of heterocycles. Also, heterocycles in modern drug design serve 

as a useful tool to manipulate lipophilicity, polarity and hydrogen bonding capacity of 

molecules, which may lead to improved pharmacological, pharmacokinetics, 

toxicological and physicochemical properties of drug candidates and ultimately drugs. 

Based on the above studies, researchers are being focussing mainly on the design and 

synthesis of heterocycles. 

1.2. A brief history of 1,2-dihydropyridines 

Dihydropyridines (DHPs) represent a group of organic compounds based on a pyridine 

core which serve as important intermediates in the synthesis of pyridine derivatives and 

are endowed with a broad range of synthetic and biological interests.22 The chemistry of 

DHPs, started in 1882 when Hantzsch disclosed the first synthesis of these compounds.23 

During his attempt, he observed the formation of 1,4-dihydropyridines (1,4-DHPs) as 

isolable intermediates that can be oxidised to pyridine derivatives. The isolation of 

reductive cofactor, nicotinamide adenine dinucleotide (NADH 26, Figure 1.2A) and the 

attention gathered by Hantzsch DHPs such as nifedipine (27) as antihypertensive drug 
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stimulated the interest of DHP chemistry. Eventhough, theoretically five isomeric DHPs 

1,2-, 1,4-, 2,3-, 3,4-, and 2,5-dihydro types are possible (Figure 1.2A), the most known 

DHPs are either the 1,2-DHP 28 or the 1,4-DHP 29 in structure, due to the involvement 

of the nitrogen lone pair in the stabilisation of enamines.22a,24 

 

Figure 1.2A. Reductive cofactor NADH (26), antihypertensive drug nifedipine (27) and 

possible isomeric structures of DHP (28-32). 

1.2.1. Importance of dihydropyridines 

1.2.1A. 1,4-DHP 

Hantzsch 1,4-DHP synthesis in 1882 marks the inception of a heterocyclic system 

endowed with a broad range of synthetic and biological interests.23 1,4-DHP is a key 

intermediate in the synthesis of other heterocycles, it mimics the functions of NADH, an 

oxidoreductase co-enzyme in biological systems and possesses a vast spectrum of 

pharmacological properties. 1,4-DHPs have been used as calcium-channel modulating 

agents in the treatment of cardiovascular diseases (e.g. Amlodipine, Felodipine, 

Nicarpidine, Nisolpidine, Nitrendipine, and Nimodipine, Figure 1.2B), and also explored 

as multidrug-resistance-reversing agents in cancer chemotherapy, antimycobacterial and 

anticonvulsant agent.25 
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Figure 1.2B. 1,4-DHP containing calcium channel blockers available in the market. 

1.2.1B. 1,2-DHP 

1,2-DHPs have not been explored in detail for their biological properties as that of 1,4-

DHPs, however, they are widely used as precursor scaffold for the preperation of many 

biologically active compounds.22c,26 In 1993, Ezer et al. reported the potential anti-ulcer 

property of 1,2-DHP derivatives with significant antisecretory action and cytoprotective 

effect.27 Very recently, Wang et al. investigated the neuroprotective effect of 2-

disubstituted 1,2-DHP on neurotoxin-induced differentiated PC12 cells and indeed it has 

exhibited good neuroprotective effect via the mitochondrial apoptosis pathway.28 1,2-

DHP is considered as an important intermediate in the synthesis of pyridines and 

piperidines.29 For example, Charette et al. reported the conversion of 2,3-disubstituted 

1,2-DHP intermediate 34 synthesized from the 3-substituted pyridinium salts 33 to the 

corresponding pyridine 35 and piperidine 36 under oxidation and reduction conditions, 

respectively (Scheme 1.2.1).29c They successfully applied this methodology for the 

synthesis of (−)-L-733,061 (37) and (−)-CP-99,994 (38), two members of a highly potent, 

nonpeptide, Substance P antagonists (Scheme 1.2.1). Comins et al. applied the sequential 

tandem directed lithiation/electrophilic substitution strategy on N-Boc-4-methoxy-1,2-

DHP 39 to access the corresponding dihydropyridone 40 via intermediate 39a (Scheme 

1.2.1).30 These dihydropyridones have proficiently served as precursors for diversely 

functionalised piperidine based systems like indolizidines, phenanthroindolizidines, 

polyamine alkaloids, lycopodium alkaloids, benzomorphans, etc (Scheme 1.2.1).31 
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Scheme 1.2.1. Transformation of 1,2-DHP to pyridine, piperidine, pyridones and its 

utility. 
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Recently, Li et al. reported the gold-catalyzed oxidative ring expansion of 2-alkynyl 

substituted 1,2-DHP 41 and its analogues to functionalized azepines 42 in the presence of 

pyridine N-oxide oxidant (Scheme 1.2.2).32 Moreover 1,2-DHPs have also found a wide 

application as a preferred cyclic aza-diene precursor scaffolds in the Diels-Alder reaction 

especially in the preparation of isoquinuclidine ring systems,33 which is a key 

intermediate in the synthesis of some alkaloids, such as ibogaine, cantharanthin, 

isoquinuclidine drugs, namely vinblastine and vincristine, and an anti-influenza drug 

Oseltamivir phosphate (Scheme 1.2.2).34 For instance, Rawal et al. developed a catalytic 

enantioselective version of the Diels-Alder reaction between 1,2-DHP 43 and 3-

acryloyloxazolidin-2-one 44 using chiral BINAM-Salen-derived Cr(III) complexes, to 

yield isoquinuclidine 45 (Scheme 1.2.2).35 

 

Scheme 1.2.2. Transformation of 1,2-DHP to azepines and 1,2-DHP in D-A synthesis of 

isoquinuclidine and its utility. 
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1,2-DHP also finds application as a synthetic intermediate in the synthesis of many 

natural products such as pyridocarbazole alkaloids (olivacine and guatambuine), (±)-

elaeokanine A, R-(-)-coniine, etc (Scheme 1.2.3).36 

 

Scheme 1.2.3. Synthesis of pyridocarbazole alkaloids (olivacine and guatambuine), (±)-

elaeokanine A and R-(-)-coniine using 1,2-DHP derivatives. 

1.2.2. Synthetic routes to 1,2-DHP 

Cyclization reactions (Hantzsch ring closure), reduction or nucleophilic addition of 

pyridinium ions and pericyclic reactions are the most common methods employed for the 

synthesis of substituted 1,2-DHPs. The early development in the chemistry of 1,2-DHP 

until 1982 had covered the reviews of Eisner and Kuthan, and Stout and Meyers.22a,b 

Later, Lavilla in 2002, Silva et al. in 2013 and more recently Sharma et al. in 2017 also 

compiled the literature for the synthesis of DHPs.22c,d,26 

Numerous research groups have revisited the Hantzsch 1,4-DHP synthesis which 

proceeds through a one-pot multicomponent condensation reaction of an aldehyde 46, 

ethyl acetoacetate 47 and ammonium acetate over the years (Scheme 1.2.4). In 2009, 

Shen et al. observed the formation of 1,2-DHP, when aromatic aldehyde 48 instead of 

aliphatic aldehyde reacted with ethyl acetoacetate 47 and ammonium acetate under 

solvent, catalyst and heat-free (at room temperature) conditions, which on air oxidation 

for 72 hours yielded 2-arylpyridines (Scheme 1.2.4).37 
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Scheme 1.2.4. Synthetic routes to 1,2-DHP 51-62. 

Koike et al. reported an efficient heterocyclic annulation reaction of sec-nitrodienamine 

49 with aldehyde 50 for the synthesis of 2-methyl-3-nitro-1,2-DHPs 51 (Scheme 1.2.4).38 

A unique method for the synthesis of chiral 1,2-DHPs 53 by Dieckmann condensation of 

α-amino acid derivatives 52 was achieved by Kawabata et al.. Further, they have 

extended this methodology for the synthesis of trisubstituted pyridine derivatives 54 by 

oxidation with 4M hydrochloric acid solution or 2,3-dichloro-5,6-dicyano-1,4-quinone 

(DDQ) (Scheme 1.2.4).39 A bronsted acid and thiourea co-catalyzed asymmetric synthesis 

of functionalized 1,2- and 1,4-DHPs (57 and 58) was reported by Yoshida et al. in 2010. 

In this synthesis, a bronsted acid–thiourea catalyst was used to catalyze the asymmetric 

cycloadditions of β-enamino esters 55 to α,β-unsaturated aldehydes 56 (Scheme 1.2.4).40 
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Wan et al. in 2009 reported a three-component sequential reaction of enaminones 59, α,β-

unsaturated aldehydes 60, and amines 61 for the regioselective synthesis of 1,2-DHPs 62. 

The observed regioselectivity was controlled by both steric and electronic effects of the 

amine component (Scheme 1.2.4).41 

Reduction of pyridine or pyridinium salt through dearomatizing transformation is an 

attractive strategy for the synthesis of substituted 1,2-DHPs. One of the pioneering work 

in this area was exemplified by Fowler in 1972, who carried out the NaBH4 reduction of 

in situ generated N-(alkoxycarbonyl)pyridinium chloride from a pyridine 23 and a 

chloroformate ester to form 1,2-(63) and 1,4-DHPs (64) (Scheme 1.2.5).42 Later, in 1986 

Sundberg et al. performed a detailed study on the Fowler reduction of 3-substituted 

pyridines.43 In 1975, Booker et al. reported the reduction of 3,5-disubstituted pyridine to 

1,2- and 1,4-DHPs using diborane and sodium cyanoborohydride, respectively.44 A 

solvent and temperature dependent reduction of in situ generated N-sulfonyl pyridinium 

salt to corresponding 1,2-and 1,4-DHPs was published by Knaus and Redda in 1977.45 It 

involves the reaction of sulfonyl chlorides and sulfonic acid anhydrides with pyridine 23 

in the presence of sodium borohydride to form N-sulfonyl-1,2 (65) and 1,4-DHP (66) 

(Scheme 1.2.5). A controlled reduction of 4-methyl-3-ethylpyridinium iodide to 

corresponding 1,2-DHPs was established by Kutney et al. in 1979 by complexation with 

tricarbonylchromium(0).46 Later, Davies et al. also showed that the usage of 

tricarbonyl(η-pyridine)chromium(0) complexes as a stable synthetic precursor for the 

synthesis of 1,2-DHPs.47 Donohoe et al. investigated the partial reduction of electron 

deficient pyridines 67 to 1,2-DHPs 68 using both Birch reduction conditions and 

sodium/naphthalene in THF (Scheme 1.2.5).48 The same group later employed this 

methodology for the synthesis of dihydropyridones and natural product alkaloids.49 Direct 

preparation of N-acyl-1,2-DHPs 69 was reported from pyridine 23 and pyrrole-2-carbonyl 

chloride by the single step reduction with borohydride by Schroif-Gregoire et al. in 2006 

(Scheme 1.2.5).50 This strategy has been used in the synthesis of pyrrole-2-

aminoimidazole marine metabolites. Moreover, the electroreductive hydrogenation of 

pyridine dicarboxylic acid derivatives 70 in methanol to 1,2- (71) and 1,4-DHPs (72) was 

accomplished using a divided cell containing a platinum plate as the cathode and a carbon 

rod as the anode (Scheme 1.2.5).51 
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Scheme 1.2.5. Synthetic routes to DHP 63-72. 

Nucleophilic additions to N-activated pyridine derivatives were well explored in the 

synthesis of 1,2-DHP.52 Comins et al. reported efficient chiral auxiliary mediated 

asymmetric syntheses of N-acyl-2-alkyl-1,2-DHPs 75. The first reaction involves the 

addition of Grignard reagent to an in situ generated chiral N-acylpyridinium salt 74a from 

pyridine 73, and the limitation of this was the removal of chiral auxiliary. They also 

demonstrated a second asymmetric synthesis of 1,2-DHP 75c through the formation of 

dihydropyridone 76 from chiral N-acylpyridinium salt 74b (Scheme 1.2.6).53 The 

conversion of N-acyl-2,3-dihydro-4-pyridones 77 to 4-chloro-1,2-dihydropyridines 78 

using the Vilsmeier reagent was also developed by the same group (Scheme 1.2.6).54 

Wanner et al. developed an efficient methodology to generate chiral N-acylpyridinium 

ions and used them to access the 1,2-DHPs.55 The addition of Grignard reagent to 3-

substituted-N-imidoylpyridinium salts 81 formed from 3-substitute pyridine 79 and amide 
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80 bearing an electron donating group (EDG) has been studied by Charette et al.. The 

approach resulted in a highly regioselective formation of 2,3-substituted 1,2-

dihydropyridines 82 (Scheme 1.2.6).29a,36c Addition of organometallic reagents to N-

alkylpyridinium salts 83 to access polysubstituted DHPs 84 was reported by Bennasar et 

al. (Scheme 1.2.6).56 Phase-transfer-catalysed nucleophilic addition to N-alkylpyridinum 

salt was performed by Lavilla et al..57 

Scheme 1.2.6. Synthetic routes to DHP 75-84. 

Crotti et al. have accomplished a regioselective introduction of methoxycarbonyl methyl 

group at the C-2 position of an unsubstituted pyridine 23 to access the N-acetyl-1,2-

dihydropyridyl acetic acid methyl ester 86, a valuable building block for piperidines. The 

reaction proceeded through the activation of acetic anhydride using catalytic amounts of 
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copper (II) triflate and subsequent addition of the copper enolate to N-acetyl 

pyridiniumion 85 under mild conditions (Scheme 1.2.7).58 Other organometallic reagents 

like zinc, indium, etc. were also reported as an efficient reagent for the C-2 alkylation of 

the acylpyridinium salts.59 Copper-catalyzed enantioselective addition of terminal alkyne 

88 to N-acylpyridinium salt 87 to furnish 1,2-DHP 89 was reported by Sun et al. (Scheme 

1.2.7).60 A similar kind of reaction was also reported by Black et al..61 Later, Christian et 

al. demonstrated rhodium-catalyzed highly enantioselective asymmetric method for the 

addition of aryl and alkenyl boronic acids to N-benzylpyridinium salt 90 to form 

corresponding 1,2-DHPs 91 (Scheme 1.2.7).62 A catalytic enantioselective Reissert 

reaction of pyridine derivatives 92 was reported by Ichikawa et al.. 

 

Scheme 1.2.7. Synthetic routes to 1,2-DHP 86-96. 
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This transformation resulted in the formation of 1,2-DHP 93 through the development of 

new Lewis acid-Lewis base asymmetric bifunctional catalysts (Scheme 1.2.7).63 

Suginome et al. performed rhodium-catalyzed hydroboration of pyridines 94 with 

pinacolborane 95 at 50 °C. They have isolated the desired N-boryl 1,2-DHP 96 in high 

yields with regioselectivity (Scheme 1.2.7).64 

 

Scheme 1.2.8. Synthetic routes to 1,2-DHP 99-108. 

The 6π-electrocyclization of 1-azatrienesis one of the well-known concerted pericyclic 

reaction approach for the synthesis of 1,2-DHPs. One of the pioneering worksin this area 

was reported by Okamura et al., suggesting that the introduction of either an electron 

donating or a withdrawing group at the 1-azatriene may accelerate the cyclization.65 

Katsumara and co-workers also studied the acceleration of 6π-azaelectrocyclization.66 

The first highly stereoselective [3+3] cycloaddition reactions of chiral vinylogous amides 

97 with α,β-unsaturated iminiums 98 for the synthesis of 1,2-DHPs 99 was developed by 

Hsung et al. (Scheme 1.2.8).67 Palacios et al. has reported the synthesis of 1,2-DHP 102 

from enamines 100 and 2-azadienes 101 (readily prepared by aza-Wittig reactions) via 

[4+2] cycloaddition reaction (Scheme 1.2.8).68 Metal-catalyzed C-H activation and 
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subsequent cyclization reactions were well explored in the synthesis of 1,2-DHP. For 

example, Ellman et al. reported a rhodium-catalyzed cascade C-H alkenylation and 6π-

electrocyclization between alkyne 103 and α,β-unsaturated imine 104 to synthesize 1,2-

DHP 105 in the presence of a special phosphine ligand (Scheme 1.2.8).69 The groups of 

Yoshikai and Petit independently demonstrated that low valent cobalt species were 

capable of promoting the same reaction in good yields (Scheme 1.2.8).70 Tong et al. 

developed the synthesis of highly substituted 1,2-DHPs 108 comprised of 

triphenylphosphine catalysed [2+2+2] annulation between 1-phenylpropynones 106 and 

aryl N-tosylimines 107 (Scheme 1.2.8).71 

 

Scheme 1.2.9. Synthetic routes to 1,2-DHP 110-119. 
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Kirsch et al. demonstrated that the use of propargyl vinyl ethers 109 are viable substrates 

for the synthesis of 1,2-DHPs 110. The reaction involves a gold-catalyzed propargyl-

Claisen rearrangement, condensation, and a Brønsted acid-catalyzed heterocyclisation 

(Scheme 1.2.9).72 Similarly different research groups have developed direct protocols 

toward 1,2-DHPs from propargyl vinyl ethers which undergo propargyl Claisen 

rearrangement to directly deliver the 2,4-dienals, then react with primary amine to deliver 

the 6π-aza-electrocyclization substrate 1-azatrienes (Scheme 1.2.9).73 Tejedor et al. 

reported a general and practical protocol for the synthesis of 1,2-DHP 113 with mono, di 

and spiro substitution at sp3 carbon. It involves microwave assisted domino reaction of 

propargyl vinyl ethers 111 and aliphatic or aromatic amines 112 in toluene or methanol 

solvent (Scheme 1.2.9).73c The use of 3-aza-1,5-enynes 114 as a versatile substrate for 

selective synthesis of 1,2-DHPs 115 via metal free cyclization or NIS-induced 

electrophilic iodocyclization was studied by the Wan research group.74 Trost et al. 

devised a phosphine catalyzed redox cycloisomerization approach for the synthesis of 

2,6-disubstituted 1,2-DHP 117. In this reaction, the starting substrate propargylidene 

carbamate 116 undergoes a one-pot alkyne isomerization and electrocyclization sequence 

to afford 1,2-DHP 117 in good yields (Scheme 1.2.9).75 Further, they have extended this 

methodology for the synthesis of histamine H3 receptor agonists. Very recently, Li et al. 

observed a rhodium-catalyzed tandem reaction of 4-(1-acetoxyallyl)-1-sulfonyl-1,2,3-

triazole 118 through the formation of α-imino rhodium carbene, followed by 1,2-

migration of an acetoxy group and six electron electrocyclic ring closure to access the 

corresponding 1,2-DHP 119 in moderate to good yields (Scheme 1.2.9).76 

Matsumura et al.reported the synthesis of enatiomerically pure 1,2-DHP 121 from L-

lysine 120 by employing anodic oxidation as a key step (Scheme 1.2.10).77 A novel 

Pt(II)-catalyzed cycloisomerization of aziridinyl propargylic esters 122 for the synthesis 

of 1,2-DHPs 123 was accomplished by Sarpong et al. (Scheme 1.2.10).78 Ogoshi et al. 

demonstrated an oxidative cyclization of an imine 124 and two equivalent of alkyne 125 

with nickel (0) undergo a sequential reaction to yield 1,2-DHPs 126 (Scheme 1.2.10).79 A 

similar kind of reaction was also reported using rhodium as a catalyst.80 A nickel-

catalyzed [2+2+2] cycloaddition of N-pyridylimine 127 and alkyne 128 was the strategy 

developed by Adak et al. for the synthesis of 1,2-DHP derivatives 129 (Scheme 1.2.10).81 

Asymmetric rhodium-catalysed [2+2+2] cycloaddition of diynes 130 with sulfonimines 
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131 to furnish enantioenriched 1,2-DHPs 132 was reported by Amatore et al. (Scheme 

1.2.10).82 

 

Scheme 1.2.10. Synthetic routes to 1,2-DHP 121-132. 
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Scheme 1.2.11. Synthetic routes to 1,2-DHP 134-147. 

A novel conversion of mono- or dialkyl-substituted furans 133 into 1,2-DHPs 134 upon 

reaction with PhI=NTs was demonstrated by Fructos et al. in 2010 (Scheme 1.2.11).83 

Brunner et al. reported the use of vinyloxiranes 135 as masked dienolates in vinylogous 

imino-aldol reactions with aldimine 136 that resulted in the formation of 1,2-DHPs 137 

(Scheme 1.2.11).84 Yavari et al. accomplished a one-pot synthesis of highly 

functionalized 1,2-DHPs 141 from primary alkylamines 138, alkyl isocyanides 139, and 

acetylenic esters 140 (Scheme 1.2.11).85 Ramaraju et al. developed an enantioselective 

synthesis of 1,2-DHP 144 from glutaraldehyde 142 and N-PMP protected imine 143 by a 

L-proline-catalyzed [4+2] cycloaddition reaction (Scheme 1.2.11).86 The mechanism 
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involves amino catalytic direct Mannich reaction/cyclization followed by IBX mediated 

selective oxidation to afford 1,2-DHP 144 in high yields and enantioselectivities. Shao et 

al. developed a Lewis acid catalysed cyclisation of enaminones 145 with propargylic 

alcohols 146 to generate multisubstituted 1,2-DHPs 147 (Scheme 1.2.11).87 This 

regioselective reaction needed a catalytic amount of BF3.OEt2 to provide 147 in good to 

excellent yields and the proposed mechanism involves an allenyl/propargylic cation 

intermediate. Liu et al. later reported a similar reaction catalysed by iron tribromide.88 

Considerably, very few reports are available in the literature for the synthesis of 1,2-

DHPs by multicomponent approach. Koley et al. reported a Lewis acid catalyzed highly 

convergent and regioselective three-component coupling of α-oxoketene-N,S-

arylaminoacetals 148, aldehydes 149, and malononitrile 150 to synthesise 4-amino-1,2-

DHPs 151 (Scheme 1.2.12).89 The reaction involves InCl3 catalyzed cascade Knoevenagel 

condensation/Michaeladdition/cyclization sequence leading to the formation of three 

consecutive new bonds and one ring. Cao et al. described a simple p-TsOH/AcOH 

catalyzed three-component assembly of enals 152, N,N-disubstituted enaminones 153, 

and 2-aminopyridines 154 to access the corresponding 1,2-DHP 155 in a regioselective 

manner (Scheme 1.2.12).90 This reaction exhibited broad substrate scope and provided the 

products in moderate to good yields. Recently, Xie et al. devised a metal-free p-TsOH 

catalysed four-component reaction (4CR) of aromatic ketones 156, DMF 157, amine 158 

and propargylic alcohols 159 to construct the functionalized 1,2-DHP 160 in moderate to 

good yields (Scheme 1.2.12).91 This reaction utilises DMF 157 as a one carbon synthon in 

the formation of 160. In 2014, Wan et al. developed a tunable three-component reactions 

of enals 161, electron deficient alkynes 162, and primary amines 163 for selective 

synthesis of 1,2-DHPs 164 (Scheme 1.2.12).92 In 2017, Our group also has developed a 

convenient synthesis of 1,2-DHPs 168 from dienaminodioate 165 and an in situ generated 

imine, from aldehyde 166 and amine 167 by TFA in a one-pot cascade synthesis (Scheme 

1.2.12).93 The advantages associated with this transformation include metal-free reactions 

and heat-free conditions. More recently an asymmetric synthesis of chiral tetracyclic 

dibenzo[b,f][1,4]oxazepine fused 1,2-DHPs 171 was reported by Choudhary et al..This 

reaction involves L-proline-catalyzed direct Mannich/cyclization of dibenzo[b,f][1,4]-

oxazepine-imines 169 with aqueous glutaraldehyde 170, followed by IBX-mediated 

dehydrogenative oxidation (Scheme 1.2.12).94 
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Scheme 1.2.12. Synthetic routes to 1,2-DHP 151-171. 

1.3. A brief history of dibenzoxazepines and dibenzoxazepinones 

Dibenzoxazepine and dibenzoxazepinones belong to a class of seven-member 

heterocyclic compounds fused with two benzene rings. The “benzo” prefix indicates that 

the benzene ring is fused into the oxazepine or oxazepinone ring. There are several 

benzene fused seven-membered heterocyclic compounds that differ in the position, 

number and type of heteroatom present. They are considered as privileged heterocyclic 

scaffolds in virtue of their ability to provide useful ligands to a number of biological 
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receptors (Figure 1.3A).95 They have attracted considerable attention from chemists since 

the early 1950s due to the introduction of tricyclic antidepressant drugs (TCAs) by the 

isosteric replacement of ‘phenothiazines’ “S” with a “C-C” (Figure 1.3A). The broad 

spectrum of biological properties exhibited by this class of compounds evoked 

considerable interest in the synthesis and exploration of the psychopharmacological 

properties of seven-membered tricyclic compounds. 

 

 

Figure 1.3A a) benzene fused seven-membered heterocyclic scaffolds. b) Isosteric 

replacement of phenothiazine. 

1.3.1. Importance of dibenzoxazepines and dibenzoxazepinones 

Even-though three isomeric forms of dibenzoxazepine systems 172-174 are possible, 

depending on the position of -O- and -N- atom present, the tricyclic isomer 172 is of 

particular interest because of their presence in many biologically active compounds. They 
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possess abroad range of biological activities such as anti-HIV, antitumor,antioxidant, oral 

contraceptive, TRPA1 agonist, sodium channel blocker, CNS depressant, etc. For 

instance, Loxapine and amoxapine are two well known antidepressant drugs currently in 

market.96 The simple dibenzoxazepine, commonly known CR gas is an incapacitating and 

a lachrymatory agent and is used by defence forces around the world. Gijsen et al. 

reported that the analogues of dibenzoxazepines are extremely potent activators of the 

human transient receptor potential ankyrin 1 (TRPA1) channel.97 This can help to 

advance the development of treatments for conditions like asthma and pain. The PGE2 

antagonist property of 8-chlorodibenzoxazepine-10-carboxylic acid derivatives 175 was 

studied by Hallinan et al..98 In 2006, Smits et al. studied the ability of dibenzoxazepines 

derivatives to probe the binding site of the histamine H4 receptor (H4R).99 Their study led 

to the discovery of (E)-7-chloro-11-(4-methylpiperazin-1-yl)dibenzooxazepine 176 as a 

potent H4R agonist. Dols et al. explored the progesterone receptor agonist property of 

2,3,4,14b-tetrahydro-1H-dibenzopyrido-[1,2-d][1,4]oxazepines 177.100 Their structure 

activity relationship (SAR) study led to the identification of potent progesterone agonists 

up to 1 nM activity. In addition, dibenzoxazepines are also explored for their 

antipsychotic activity, mineralocorticoid receptor antagonist property and as sodium 

channel blockers by different research groups.101 Moreover, dibenzoxazepine derivatives 

are valuable synthons that can be used in the preparation of other fused ring 

compounds.102 

Dibenzoxazepinones are pharmaceutically relevant molecules present in antidepressants 

and antipsychotics. Researchers have extensively studied the pharmacological properties 

of various dibenzoxazepinone derivatives. Sintamil is a tricyclic antidepressant 

dibenzoxazepinone which is currently available.103 In 1987, Chakrabarti and Hicks 

studied the anti-inflammatory property of dibenzoxazepinone derivatives and found that 

2-[10,11-dihydro-11-oxodibenz[b,f][1,4]oxazepin-7or 8-yl] propanoic acids 178 posses 

potential anti-inflammatory properties.104 The HIV inhibitory activity of the 

dibenzoxazepinones was reported by Klunder et al., and this led to the discovery of a 

potent HIV inhibitor of up to 19 nM activity.105 Binaschi et al. explored the antitumor 

activity of dibenzoxazepinones 179, found that they can inhibit the histone deacetylase 

(HDAC) proteins, a promising target for the development of antitumor agents.106 
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Figure 1.3B. Isomeric forms and pharmacologically active dibenzoxazepines. 

1.3.2. Synthetic routes to dibenzoxazepines and dibenzoxazepinones 

Over the years, various approaches have been developed for the synthesis of 

dibenzoxazepine core skeleton. Base promoted nucleophilic aromatic substitution (SNAr) 

is a classical method employed for the construction of the seven-membered ring via 

Smiles rearrangement of suitable substrates by a domino C-O and C-N bond formation. 

For instance, Ma et al. reported a convenient and facile methodology for the 

regioselective synthesis of fused oxazepinone scaffolds 182 in 2011.107 This process 

involved an efficient construction of the oxazepinone scaffold 182 by a one-pot 

coupling/Smiles rearrangement/cyclization approach from commercially available N-

substituted salicylamides 180 and substituted benzenes/pyridines 181 (Scheme 1.3.1). 

Later in 2016, the same group established a K3PO4 promoted approach for the synthesis 
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of indole-fused dibenzo[b,f][1,4]oxazepine derivatives 185 via Smiles rearrangement 

from 2-(1H-indol-2-yl)phenol 183 and 1,2-dihalobenzenes/2-halonitroarenes 184 

(Scheme 1.3.1).108 Aromatic nucleophilic substitution–Smiles rearrangement–

denitrocyclization process was the strategy used by Sapegin et al. for the synthesis of 

dibenzo[b,f]pyrazolo[1,5-d][1,4]oxazepines 188.109 The approach involves condensation 

of 2-(1H-pyrazol-5-yl)phenols 186 with 1-chloro-2-nitrobenzenes 187 under basic 

conditions in DMF (Scheme 1.3.1). Feng et al. developed a base-promoted green protocol 

for the synthesis of dibenzo[b,f][1,4]oxazepin-11-amines 191 from 2-aminophenols 189 

and 2-fluorobenzonitriles 190.110 The reaction proceeds via K3PO4 mediated SNAr with a 

concomitant addition reaction (Scheme 1.3.1). A base mediated solid phase synthesis of 

dibezoxazepinones was reported by Hone et al. in 2003 where as Samet et al. reported an 

intramolecular nitro group displacement of polynitroaromatic compounds.111 

  

 

 

 

 

 

 

 

 

 

 

 

Scheme 1.3.1. Synthetic routes to dibenzoxazepines 182-191. 
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Scheme 1.3.2. Synthetic routes to dibenzoxazepines 194-201. 

In recent years, metal-catalyzed C-O and C-N bond coupling reaction has also found 

application in the synthesis of dibenzoxazepine core. For instance, Buchwald and 

Tsvelikhovsky developed a novel sequence of Ullmann etherification of 2-hydroxyaryl 

ketones/carboxylates 193 with 1,2-dihaloarenes 192 and palladium-catalyzed amination 

using ammonia solution followed by intramolecular imine/amide formation to afford 

dibenzoxazepines/ones 194 (Scheme 1.3.2).112 Shen et al. reported a one-pot palladium-

catalyzed aminocarbonylation/SNAr sequence for the synthesis of 

dibenzo[b,e][1,4]oxazepin-11(5H)-ones 196 from 2-aminophenols 190 and 2-

bromofluorobenzenes 195 ( Scheme 1.3.2).113 Kitching et al. covered an efficient copper-

initiated domino synthesis of dibenzoxazepinones 199 from 2-iodobenzamides 197 and 2-

bromophenols 198 (Scheme 1.3.2).114 Later Ma and Zhu independently reported a 

directing group-assisted synthesis of dibenzoxazepinones.115 Moreover, Sang et al. 

established a copper (I) catalyzed highly efficient protocol for the synthesis of indole 
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fused dibenzo[b,f][1,4]oxazepines 201. This transformation involves Ullmann coupling of 

2-(2-halophenyl)-1H-indoles 200 and 2-halophenols 198 and subsequent Smiles 

rearrangement to generate 201 (Scheme 1.3.2).116 Metal-catalyzed coupling and 

subsequent transformation were employed efficiently by Mitra’s research group.117 

Scheme 1.3.3. Synthetic routes to dibenzoxazepines 204-211. 

Key precursor formed from the diaryl etherification methodology served as a suitable 

substrate for various intramolecular transformations. Zaware et al. developed a novel 

protocol for the synthesis of 11-substituted dibenzo[b,f][1,4]oxazepines 204 from diaryl 

ether 202. The key transformations include generation of a carbamate intermediate 203, 

microwave assisted conversion of carbamate and subsequent cyclocondensation.118 A 

palladium-complexed dendrimers supported on silica has served as an efficient catalyst 

for the intramolecular cyclocarbonylation of substituted 2-(2-iodophenoxy)anilines 205, a 

series of substituted dibenzo[b,f][1,4]oxazepin-11(10H)-ones 206 were prepared by Alper 

et al..119 Diary ether was also used as a suitable substrate for the reductive cyclization 

reaction.120 Fakhraian et al. used etherification/reduction cyclization of sodium salt of 

salicylaldehyde 207 with 1-chloro-2-nitrobenzene 187 to furnish the corresponding 

benzoxazepine scaffolds 209 via the formation of diaryl ether 208.120a While a reduction 
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lactamisation sequence of diaryl ether was the approach followed by Bunce et al..120b 

Microwave-assisted etherification and subsequent cyclocondensation were also employed 

by various research groups for the synthesis of dibenzoxazepines.121 Guo et al. reported a 

hypervalent iodine(III)-mediated oxidative cyclization of 2-(aryloxy)benzamides 210 

under mild reaction conditions resulted in the formation of dibenzoxazepinone scaffolds 

211.122 

 

Scheme 1.3.4. Synthetic routes to dibenzoxazepines 215-218. 

Post Ugi annulation was another interesting strategy used for the generation 

dibenzoxazepine scaffolds.123 Ghandhi et al. developed a convenient and facile one-pot 

tandem Ugi-four component reaction (U-4CR)/SNAr approachfor the synthesis of highly 

functionalized diverse quino[2,3-b][1,5]benzoxazepines 215. This involves the one pot U-

4CR of 2-chloroquinoline-3-carbaldehyde 212, 2-aminophenol 190, carboxylic acid 213 

and isocyanide 214 which undergoes a tandem base free SNAr cyclizations.123a 

Microwave-assisted one-pot U-4CR and intramolecular O-arylation was developed by 

Xing et al. in 2006 for the synthesis of dibenzoxazepine scaffolds 218. By reacting the 

functionalized benzaldehydes 216/216 and benzoic acids 217/217 along with 

aminophenol 190 and isocyanide 214, the U-4CR products without isolation were treated 

with aqueous K2CO3 to promote the intramolecular SNAr, leading to the formation of 
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benzoxazepine derivatives 218 and 218 respectively.123b Later they had employed 

microwave-assisted intramolecular Ullmann etherificationas the post-Ugi annulation 

strategy for the efficient generation of a dibenz[b,f][1,4]oxazepine scaffold from suitably 

substituted aldehydes and benzoic acids.123c 

1.4. A brief history of Diindolylmethanes (DIMs) 

Indole, a nitrogen-containing heterocycle is ubiquitous in agrochemicals, pharmaceuticals 

and natural products with a plethora of biological activities. Disubstituted methane with 

two indole units commonly known as bis(indolyl)methane/diindolylmethane (DIM) 219 

is present in various natural products and pharmaceuticals. DIM is an active metabolite of 

indole-3-carbinol (I3C) 220, a glucosinolate conjugate present in various cruciferous 

vegetables such as cabbage, broccoli, brussels sprouts, etc (Figure 1.4A). It is generally 

suggested that DIM mediates beneficial and functional activities of I3C. 

1.4.1 Importance of DIMs 

DIMs are ubiquitous heterocycles present in a variety of natural products and 

pharmaceutical ingredients and are considered as an important scaffold for drug 

discovery. Furthermore, DIMs and their analogues show a wide range of biological and 

pharmacological activities such as antioxidant, anti-inflammatory, antifungal, 

antibacterial, antibiotic, antiangiogenic and analgesic properties (Figure 1.4A).124 For 

instance, Damodiran et al. synthesized a class of 1,4-disubstituted 1,2,3-bistriazoles 221 

from DIMs and found them active against Staphylococcus aureus and Candida 

albicans.124f Kamal et al. reported an Al(OTf)3 mediated synthesis of DIMs and found 

that the nitrofuryl BIM 222 showed a potent antifungal and antibacterial property.124e 

Moreover, the antioxidant function of DIMs was studied by Li et al. and they 

demonstrated that these could effectively inhibit the NF-κB with corresponding reduction 

of oxidative stress.124i The potent radical scavenging activity of 6-OMe substituted DIM 

223 was reported by Benabadji et al. and was shown to be more potent than that of 

reference compound Vitamin E.124j Cho et al. demonstrated the anti-inflammatory effect 

of DIM by the inhibition of lipopolysaccharide-induced release of proinflammatory 

mediators in murine macrophages.124h Pillaiyaret al. evaluated the GPR84 agonist 

property of a class of synthesised DIMs and found that di-(5-fluoro1H-indole-3-

yl)methane 224 and di-(5,7-difluoro-1H-indole-3-yl)methane 225 displayed the highest 

activity in cAMP assays.124k 
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In addition, they are also known to exhibit a broad spectrum of antiproliferative effects on 

various tumours by targeting a wide spectrum of signalling pathways with effective 

concentrations in the range of 1−100 μM.125 The compound has been evaluated recently 

for phase II clinical trial for stage I/II prostate cancer, and has also been assessed for 

phase III clinical study for cervical dysplasia.126,127 The synergistic effect of DIM with 

paclitaxel can effectively promote the apoptosis in human breast cancer cells through 

G2M phase cell-cycle arrest.128 The anticancer potential of I3C, DIM, and its derivatives 

were reviewed by various research groups.125e-j For example Safe and his research group 

extensively studied the anticancer effect of DIM derivatives in different cell lines. In 

2007, they reported that DIM and 1,1-bis(3-indolyl)-1-(p-substitutedphenyl)methanes(C-

DIMs), such as p-t-butyl derivative(DIM-C-pPhtBu) 226 inhibit the growth of Panc-1 and 

Panc-28 pancreatic cancer cells through endoplasmic reticulum stress-dependent 

upregulation of death receptor DR5.125o Another C-DIM analog, bromophenyl derivative 

(DIM-C-pPhBr) 227 was reported to induce apoptosis and endoplasmic reticulum stress 

in pancreatic and colon cancer cells.125k-n The study on antiandrogenic activity of dihalo 

DIMs 228 suggest that it may become the basis for the development of novel agents for 

clinical treatment against hormone-sensitive prostate cancer.125p C-DIMs were effectively 

tested against different cancer lines and have shown potent activity.129 

The effect of I3C and DIM on type 2 diabetes mellitus was also studied by different 

research groups.130 Lee et al. in 2017 examined the effect of DIMs on adipogenesis using 

3T3-L1 adipocytes and Caenorhabditis elegans and found that DIM suppressed 

adipogenesis using AMPKα-dependent mechanism.131 More recently Choi et al. reported 

that DIM enhanced glucose uptake through upregulation of insulin signalling pathway, 

has resulted in greater glucose transporter 4 (GLUT4) expression.132 Also, DIM and its 

derivatives are good plant growth promoters133 and potent inhibitors of Leishmania 

donovani topoisomerase I.134 
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Figure 1.4A. Structure of DIM, I3C along with biologically active DIM derivatives. 

Natural derivatives of DIM were also isolated and reported for biological activities.135 For 

example, vibrindole A, isolated from marine bacterium Vibrio parahmolyticus showed 

antimicrobial and hemolytic activities.135b Kobayashi et al. reported another antibiotic 

DIM derivative trisindoline, isolated from Vibrio sp.,which was in turn separated from a 

marine sponge Hyrtios altum.135c In 1994, Khuzhaev et al. reported the isolation of the 

dimeric alkaloid arundine from the roots of Arundo donax.135d Later in 2003 Veluri et al. 

reported the isolation of 1,1,3-tris(3-indolyl)butane, along with arundine and tris(1H-

indol-3-yl)methane from a North Sea bacterium Vibrio parahaemolyticus.135e Cai et al. 

isolated the two indole alkaloids, arsindolines A and B from a marine-derived bacterium 

strain of Aeromonas sp., and arsildoline B showed cytotoxicity against A-549 cell lines 

with an IC50 value of 22.6 µM.135f Osawa and Namiki reported the isolation and structural 

elucidation of streptindole, a novel genotoxic metabolite isolated from intestinal bacteria 

Streptococcus faecium.135g 

Moreover, A class of Indole−carbazoles was reported as a glass-forming high triplet 

energy material (2.97–2.99 eV) by Kirkus et al.,136 Whereas He et al. and Martínez et al. 

independently reported the use of oxidized BIMs as selective colorimetric sensors.137 

More recently Lafzi et al. reported the efficiency of tetraphenylethene conjugated DIMs 

as an aggregation induced emissive material.138 
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Figure 1.4B. DIM isolated from natural sources. 

1.3.2. Synthetic routes to DIMs 

Owning to its wide occurrence in biological compounds, many approaches have been 

developed for the preparation of DIMs. The classical and simple method for the synthesis 

of symmetrical DIM 231 is the condensation of indole 229 with aldehyde or ketones 230 

in the presence of acids or bases.139 A variety of protic or Lewis acid catalysts and 

catalytic reagents are used for mediating this synthesis and this have been reviewed by 

Shiri et al. in 2010.140 Variuos acids like acetic acid (AcOH), silica-supported sodium 

hydrogen sulphate (NaHSO4.SiO2), trifluoroacetic acid (TFA), zeolite, iron(III)chloride 

(FeCl3·6H2O), lanthanide triflate, etc. were successfully utilized for the synthesis of 

DIMs. Ionic liquids and other catalysts like tetrabutylammonium hydrogen sulphate, 

phase transfer catalyst, graphene oxide decorated with Cu(I)Br nanoparticles, 

triethylborane, Fe/Al pillared clay, etc. were also employed for the synthesis of DIMs.141 

For instance, Srivastava et al. successfully applied graphene oxide decorated with 

Cu(I)Br (GO-Cu(I)Br) nanoparticles for the synthesis of symmetric DIM 234 from 

substituted indole 232 and aldehyde 233 (Scheme 1.4.1).141e The synthesised DIMs 234 

have been screened for the anti-HIV activity. Mendes et al. developed a green and 

efficient method for the synthesis of DIM 234 using ammonium niobium oxalate (ANO) 

NH4[NbO(C2O4)2(H2O)x]·nH2O as a catalyst.142 
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Scheme 1.4.1. Synthetic routes to DIM 231-241. 

In addition to the simple condensation method of indole and aldehyde/ketone, several 

other approaches are also reported in the literature.143 Chalaye-Mauger et al. in 2000 

reported the utilisation of nitrones for the synthesis of DIM. According to their approach, 

nitrones 235 can react with substituted indoles 236 in the presence of ClSiMe3 to furnish 

substituted DIMs 237.143b de la Herrán et al. demonstrated the rhodium or iridium 

complex-catalyzed reaction of gramines (3-aminomethylindoles) 238 to form the 

symmetric DIM 239. The reaction of gramines 238 with 5-bromoindol 240 under the 

same condition yielded unsymmetrical DIM 241 (Scheme 1.4.1).143c Pathak et al. reported 

a p-TsOH catalysed hydroarylation of vinyl indoles 242 with exogenous nucleophile like 

substituted indole 243 to access biologically relevant DIM derivatives 244 (Scheme 

1.4.2).143d Abe et al. developed a one pot approach for the synthesis of DIM 247 through 

the Bartoli indole reaction of nitrobenzene 245 with vinyl magnesium bromide 246 
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(Scheme 1.4.2).143f The same group developed another one pot synthesis of DIM 249 via 

the intermolecular Pummerer reaction of indole 248 in the presence of DMSO and 

trifluoroacetic acid in 2014 (Scheme 1.4.2).143e A green, simple, and efficient protocol for 

the selective methylenation of indoles 250 by using tetramethylethylenediamine 251 

(TMEDA) as a carbon source in water was reported by Zhao et al. in 2013. The reaction 

involves a copper (II)-catalyzed C–H (sp3) bond oxidation and C–N bond cleavage to 

yield a series of DIMs 252 (Scheme 1.4.2).143g 

 

Scheme 1.4.2. Synthetic routes to DIM 244-252. 

Recently, Xiao et al. reported a catalyst-free, environmental benign dehydrative SN
1-type 

reaction of indolyl alcohols 253 with indole nucleophile 254 both on water and 

trifluoroethanol for the synthesis of DIMs 255 (Scheme 1.4.3).144 Interestingly, the first 

enatioselective synthesis of DIM 258 was accomplished by Zhuo et al. in 2014. Their 

approach involved chiral imidodiphosphoric acids catalyzed Friedel−Crafts reaction of 

indole 257 with trimethylsilyl protected 3-arylindolylmethanol 256 (Scheme 1.4.3).145 Pu 

et al. and Kaswan et al. independently reported the transition metal-catalyzed DIM 261 
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synthesis using DMF 157 and dimethylacetamide 260 (DMA) as methylene sources 

respectively from substituted indole 259 (Scheme 1.4.3).146 Later in 2016, Deb et al. 

demonstrated the effective utilisation of tetramethylurea 263 as methylene precursor 

under microwave-assisted ruthenium-catalyzed cross dehydrogenative coupling of indoles 

262 to DIM 264 (Scheme 1.4.3).147 

 

Scheme 1.4.3. Synthetic routes to DIM 255-264. 

Apart from these alcohols, amines, amino acids, etc. were successfully employed for the 

synthesis of DIMs. Various groups successfully attempted the alkylation of indoles 265 

with primary alcohols 266 in the presence of transition metal catalysts to furnish 

substituted DIMs 267 (Scheme 1.4.4).148 
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Scheme 1.4.4. Synthetic routes to DIM 267-279. 

A novel approach for synthesis of DIMs 270 has been developed by Gopalaiah et al. 

under iron-catalysed oxidative coupling of benzylamines 269 and indoles 268 (Scheme 

1.4.4).149 Whereas Liao et al. recently reported the same reaction catalysed by 

TEMPO/CuI.150 A decarboxylative deaminative coupling reaction of amino acids 272 

with indoles 271 was reported for the efficient synthesis of DIMs 273 by Xiang et al. in 

2015 (Scheme 1.4.4). The reaction is mediated by alloxan monohydrate (AM) as additive 

and catalysed by phosphotungstic acid, 44-hydrate (PTA).151 In addition, visible light 
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induced ring opening functionalization of tetrahydroisoquinolines 274 with indoles 275 

was developed recently by Chen et al. in 2017 for the synthesis of biologically active 

DIM derivatives 276 (Scheme 1.4.4).152 More recently, Pillaiyar et al. reported a general 

synthetic approach for unsymmetrical azaDIMs 279.153 The strategy involves the reaction 

of readily accessible (3-indolylmethyl)trimethylammonium iodides 277 with azaindole 

278 in water (Scheme 1.4.4). 

1.5. Conclusion and present work 

Nowadays heterocycles are common structural units in many of the marketed drugs and 

medicinal chemistry targets in the drug discovery process. In the recent years there has 

been growing interest in synthesis of heterocyclic compounds with excellent biological 

activity.1,2-dihydropyridines (1,2-DHP), dibenzoxazepines and diindolylmethanes (DIM) 

are three commonly known heterocycles. Nevertheless, the biological and photophysical 

properties of 1,2-DHP, a well known synthetic intermediate, is not explored as that of its 

analogue 1,4-DHP. Dibenzoxazepines are well explored for their biological properties; 

however, studies on the synthetic methods under metal-free conditions are not much 

reported. The anticancer and antimicrobial properties of diindolylmethane were well 

reported, however, the structure-activity relationship studies on the derivatives of DIM 

are also important, which will assist to develop a DIM derivative with improved activity. 

In this context, my thesis work involve the design and synthesis of three types of 

heterocycles viz. 1,2-dihydropyridines, dibenzoxazepines and diindolylmethanes, and 

exploration of their biological activity and related aspects. Chapter 2 comprise design, 

synthesis and application of new 1,2-DHP based fluorophores. A four-component 

condensation reaction using dienaminodioate, aldehyde, an in situ generated hydrazone in 

presence of trifluoroacetic acid, modification of our previous report, was employed for 

the synthesis. The design offers various sites for appendage to bioactives or 

functionalities required for conjugation. The photophysical properties of 1,2-DHPs were 

studied in detail, and demonstrated its application as mitochondria staining and sensing of 

protein tyrosin phosphatases. Chapter 3 focuses on the development of an unprecedented 

one-pot method for the synthesis of dibenzoxazepines from tertiary amines mediated by 

hypervalent iodine reagent. Tertiary amines with suitably substituted ortho-

hydroxybenzyl and phenyl groups is exploited to facilitate ortho-C(sp2)−H 

functionalization to afford diaryl ethers in presence of phenyliodine diacetate. The 

methodology was further extended to synthesise a number of molecular motifs. Whereas, 
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Chapter 4 deals with structure activity relationship study of diindolylmethane 

derivatives. The design and synthesis of three libraries of DIM was based on the 

conjugation of DIM with biaryl and diaryl ethers and substituents on indole and biaryl. 
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Chapter-2 

New 1,2-Dihydropyridine Based Fluorophores and Their Applications as 

Fluorescent Probes 

2.1. Abstract 

New 1,2-dihydropyridine (1,2-DHP) based fluorophores 5a-5h were designed and 

synthesized by a one-pot four-component condensation reaction using dienaminodioate 

(1), aldehyde (2), and an in situ generated hydrazone (3) mediated by trifluoroacetic acid 

(Figure 2.1). The photophysical properties of 1,2-DHPs were studied in detail and a few 

of them exhibited selective mitochondrial staining ability in HeLa cell lines (cervical 

cancer cells). A detailed photophysical investigation led to the design of 1,2-DHP 5h as 

an optimal fluorophore suitable for its potential application as a small molecule probe in 

the aqueous medium. Also, 1,2-DHP 4h exhibited six fold enhanced emission intensity 

than its phosphorylated analogue 5h in long wavelength region (em~600 nm) which 

makes 1,2-DHP 5h meet the requirement as a bio-probe for protein tyrosine 

phosphatases, shown in L6 muscle cell lysate.  

Figure 2.1. The design of 1,2-dihydropyridine based fluorophore 

2.2. Introduction 

Small molecule based organic fluorophores are essential for sensing and imaging of 

biological specimen with high sensitivity and fast response.1 Even though a large variety 

of fluorophores are known, only a few have optimal performance since a majority of them 

often suffer from photobleaching, autofluorescence and cytotoxic behavior that limit their 

further applications in biology.2 A number of heterocyclic fluorophores were reported for 

fluorescent labeling of biomolecules, sensing and bio-imaging applications, however, for 

most of these molecules, the emission maxima were observed in the green window of less 

than 500 nm.3 Consequently, the discovery of new heterocyclic fluorophore scaffolds 



 

76 
 

with improved photophysical properties is highly warranted. Fluorescent properties 

exhibited by 1,4-dihydropyridines (1,4-DHPs)4 and our recent interest in 1,2-DHPs,5 have 

inspired us to develop new 1,2-DHP based fluorophores with improved photophysical 

features. 

 

Figure 2.2A. Examples of 1,2- and 1,4-DHP fluorescent molecules 

1,4-DHPs are known to exhibit blue fluorescence with appropriately substituted 

electron-donating groups at the 1-position and electron-withdrawing groups at 3- and 5-

positions (Figure 2.2A). Sueki et al. studied the effect of substituents at 3- and 5-positon 

of the 1,4-DHP on the fluorescence property, which led to the discovery of a 3,4,5-

trisubstituted 1,4-DHP 6, having a fluorescence emission in the range 403–596 nm 

(Figure 2.2A).6 Furthermore, a higher Stokes shift was observed by the presence of an 

electron-donating aryl system in the 4-position of 1,4-DHP, which is attributed to an 

internal charge transfer in the excited state between the two -systems. For example, the 

fluorescence property and the observation of higher Stokes shift of N,N-Dimethylamino 

substituted dihydropyridine 7 was reported by Affeldt et al. in 2011 (Figure 2.2A).7 The 

4-Aryl substituted 1,4-DHP comprising two different chromophores separated by a sp3 

carbon served as a tunable photoactivated dyad involving energy and electron transfer 

process between them (Figure 2.2A).8 The fluorophore ability of 1,4-DHP was further 

extended as a chemosensor where a water-soluble glucopyranosyl 1,4-DHP 8 is used in 

the detection of 2,4,6-trinitrophenol (Figure 2.2A).9 1,2-DHPs, however, were not 
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explored in detail for their photophysical properties to an extent as that of 1,4-DHPs but 

2-pyridones which are structural analogues of 1,2-DHPs were recently reported as 

fluorescent probes.10 Recently, ylidenemalononitrile enamines were reported as 

fluorescent “turn-on” indicators for their ability to undergo cyclization with 1° amines to 

produce fluorescent 1,2-DHP products 9 (Figure 2.2A).11 

 

In the quest for developing new fluorophores with improved photophysical 

properties, herein we have explored 1,2-DHPs with extended -conjugation as novel 

fluorophores. As N-phenyl-1,2-DHPs absorb in the near UV region (Table 2.3.3), the 

corresponding derivatives with absorption in the visible region would be preferred for 

biological applications. Hence, the present 1,2-DHP design (Figure 2.2B) involves a 

push-pull system with different electron-rich N-benzylideneamine substitutions that offer 

tuning of their photophysical behaviour.12 This new N-benzylideneamine appended 1,2-

DHP offered a remarkable bathochromic shift in the absorption and emission profile with 

large Stokes shifts (Table 2.3.4). The application of these fluorophores was demonstrated 

as selective mitochondrial staining agents in HeLa cells. Furthermore, the design offers 

different sites for appendage to bioactives or functionalities required for conjugation and 

such applicability has been demonstrated here as a probe for protein tyrosine phosphatase 

enzymes in L6 muscle cell lysate.  

 

Figure 2.2B. Design strategy of the N-benzylideneamine appended 1,2-DHP based 

fluorophore. 
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2.3. Results and discussions 

2.3.1. Synthesis  

From our lab, we reported a one-pot multicomponent synthesis of 1,2-DHPs 4 from 

dienaminodioate 1 and imines, generated from aromatic aldehydes 2 and amines 3, 

mediated by trifluoroacetic acid at room temperature.5 As an extension of this 

methodology, the aromatic amine is replaced with an in situ generated hydrazone 3 and 

by condensation with other components, the expected N-benzylideneamine appended 1,2-

DHP 5 was observed under mild conditions, thus serving as a facile one-pot four-

component reaction (Scheme 2.3.1). A series of 1,2-DHPs 5a-5g were synthesized in 

moderate to good yields (20-60%) by utilizing hydrazones of differing electronic 

properties to decipher their photophysical properties (Table 2.3.1). 1,2-DHPs 5a-5b were 

prepared to assess the role of phenyl substitution in the 6-position. The remaining 1,2-

DHPs 5c-5g were synthesized with acetaldehyde to evaluate the effect of the phenyl 

group as a contributing factor behind the 1,2-DHP’s fluorophore ability. This 

methodology offers a choice of appending any aliphatic or aromatic group at the 6-

position, thus, a suitable place for conjugation with bioactives or biomolecules. In 

addition, these 1,2-DHPs can undergo regioselective hydrolysis of 5-CO2Me which was 

supported by its single crystal X-ray structure of the analogue 1,2-DHP 5j, synthesized by 

partial hydrolysis of 1,2-DHP 5g followed by esterification with 4-nitrophenol (Scheme 

2.3.2). This selectivity can be realized by difference in nitrogen lone pair delocalization 

with 3- and 5-CO2Me, thus offering another site for conjugation via an amide linkage. 

Furthermore, we have designed and synthesized a water soluble fluorophore 1,2-DHP 5h 

by utilizing aldehyde 2h generated from triethylene glycol monomethyl ether, and N,N-

diethyl salicylaldehyde 2h which further offers an appropriate hydroxyl group substituent 

for appending any cleavable targeting group such as phosphate for in vitro phosphatase 

sensing application (Scheme 2.3.3). We have also synthesized an array N-phenyl 1,2-

DHP 4a-4h, to compare their photophysical properties with N-benzylideneamine 

appended 1,2-DHP (Table 2.3.2). N-phenyl substituted tetracyclic 1,2-DHP 4j and its 

phosphorylated analogue 4j also was synthesized (Scheme 2.3.3). 
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Scheme 2.3.1. Synthesis of N-phenyl (4) and N-benzylideneamine (5) appended 1,2-DHP 

 

Scheme 2.3.2. Synthesis and ORTEP diagram of 4-nitrophenyl ester of 1,2-DHP 5j 
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Table 2.3.1. N-benzylideneamine appended 1,2-DHP fluorophores 5a-5h by four-

component condensation reactiona 

 

aReagents and conditions: a) TFA (1 equiv), CH3CN, rt, overnight; b) (OMe)2P(O)Cl 

(1.5 equiv), NaH (1.5 equiv), THF, rt, 3 h; c) (i) TMSBr (10 equiv), CH2Cl2 (ii) MeOH. 
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Table 2.3.2. N-phenyl 1,2-DHP fluorophores 4a-4h by three-component condensation 

reactiona 

 

 

aReagents and conditions: a) TFA (1 equiv), CH3CN, rt, overnight; b) (OMe)2P(O)Cl 

(1.5 equiv), NaH (1.5 equiv), THF, rt, 3 h; c) (i) TMSBr (10 equiv), CH2Cl2 (ii) MeOH. 
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Scheme 2.3.3. Synthesis of tetracyclic 1,2-DHP 4j′ and synthesis of 1,2-DHP 5h 

2.3.2. Photophysical properties  

Table 2.3.3. Photophysical characterization of N-phenyl 1,2-DHPs 4a-4j 

Entry λmax(nm)[a] ε (M-1 cm-1)[b] λem (nm) ∆[c] Ф[d] 

4a  403  8179 528  5874  0.05  

4b  400  8461 513  5507  0.05  

4c  403  8642 524  5730  0.08  

4d  397  6401 506  5426  0.02  

4e  403 6972 521  5620  0.07  

4f   408  4932 522  5353  0.05  

4g  399  7893 508  5378  0.05  

4h  404  9886 532  5955  0.04  

4gʹ  397  5909 506  5426  0.03  

4hʹ  400 7907 524  5916  0.06  

4j   425  8668 537  4907  0.04  

4jʹ  420  6568 530  4941  0.03  

      
[a] Measured in methanol at room temperature. [b] Molar extinction coefficient. [c] Stokes shift (cm-

1). [d] Quantum yield, determined at room temperature relative to coumarin 153 in MeOH ( = 

0.46). 

The photophysical properties of N-phenyl 1,2-DHPs 4a-4j in methanol were 

characterized by absorption and emission spectroscopy. The details of absorption and 

emission maxima and quantum yield are provided in Table 2.3.3. The quantum yields for 

1,2-DHP 4a-4j were determined by a relative comparison method using coumarin 153 as 

a standard and were found to be in the range of 0.02-0.08.13 As expected N-phenyl 
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substituted 1,2-DHP shows absorption maxima in the near UV region with max~400 nm 

and have a low quantum yield. 

Table 2.3.4. Photophysical characterization of 1,2-DHP 5a-5h 

Entry λmax(nm)[a] ε (M-1 cm-1)[b] λem (nm) ∆[c] Ф[d] τ[e] (ns) 

5a 419 10454 522 4709 0.059 1.41 

5b 422 15461 524 4613 0.084 1.41 

5c 419 16293 534 5140 0.067 1.06 

5d 422 12261 527 4721 0.098 1.28 

5e 396 5388 507 5529 0.032 0.43 

5f 420 13741 530 4942 0.077 0.99 

5g 436 23292 582 5753 0.125 1.12 

5h 448 27300 586 5256 0.122 1.20 

 †455 27400 583 4825 0.127 1.95 

 ‡454 25000 609 5606 0.012 1.94 

5hʹ 448 15500 594 5486 0.094 1.07 

 †458 16723 611 5467 0.025 n.d.[f] 

       

[a] Measured in methanol at room temperature. [b] Molar extinction coefficient. [c] Stokes shift (cm-

1). [d] Quantum yield, determined at room temperature relative to coumarin 153 in MeOH ( = 

0.46). [e] Fluorescence lifetime (ex = 418 nm) was measured using time-correlated single photon 

counting (TCSPC) and monitoring at the respective emission maximum. [f] n.d. = Not determined 

due to weak fluorescence. † Measured in Tris buffer (25 mM, pH 7.4, 0.3% DMSO). ‡ Measured 

in Hepes buffer (25 mM, pH 7.4, 0.3% DMSO).  

 

The photophysical properties of 1,2-DHPs 5a-5h viz. absorption, emission, quantum 

yields and emission lifetime measurements are provided in Table 2.3.4 and figure 2.3A 

and B. The present design involves D--A or push-pull type system, thus the nature and 

position of the substituents on the 1,2-DHP moiety are crucial to tune their intramolecular 

charge transfer (ICT) properties which leads to different photophysical properties. 1,2-

DHPs 5a-5h exhibited maximum absorption wavelengths (max) between 396–448 nm in 

methanol with strong molar extinction coefficients (5388 to 27300 M-1 cm-1) and emit in 

long wavelength region of 500–600 nm. 1,2-DHPs 5a and 5b exhibited similar 

photophysical properties, however, replacement of phenyl group at the sixth position with 

a methyl group did not offer any change in the properties of 1,2-DHPs 5c, 5d and 5f when 

compared to the former. These results indicate that the tuning of fluorophoric properties 

of these 1,2-DHPs can be made by variations in the N-benzylideneamine moiety. Thus, 

the sixth position of 1,2-DHP is an ideal position for conjugation with other biomolecules 

for fluorophore tagging. To assess the role of N-benzylideneamine in 1,2-DHP, the N-
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ethanimine appended 1,2-DHP 5e was also synthesized and indeed it was found poorly 

emissive when compared to all other 1,2-DHPs because of reduced ICT character with 

lowest molar extinction coefficients (ε = 5388 M-1 cm-1). As expected, 1,2 DHP 5g with 

strong donating group led to a significant bathochromic shift of max (ca. 20 nm) and em 

(ca. 50 nm) with higher molar extinction coefficient (ε = 23292 M-1 cm-1).  

 

Figure 2.3A. Absorption and emission (ex = 430 nm) spectra of 1,2-DHPs in MeOH at 

room temperature. a) 5a, b) 5b, c) 5c, and d) 5d. 

 

The fluorescence quantum yields for 1,2-DHPs 5a-5g were determined by a relative 

comparison method using coumarin 15313 as a standard and were found to be in the range 

of 0.032-0.125 with 1,2-DHP 5g being the highest. These compounds exhibited a 

remarkable Stokes shift values which can help in obtaining better fluorescence imaging 

with minimum self-absorption of the fluorophore. It is already established that for better 

cellular imaging, compounds should have absorption in the visible region and high 

fluorescence quantum yield. In this regard, based on the observed photophysical 

properties, the present design of 1,2-DHPs possess the potential for their application as 

bio-probes.  
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Figure 2.3B. Absorption and emission (ex = 430 nm) spectra of 1,2-DHPs in MeOH at 

room temperature. e) 5e, f) 5f, and g) 5g. 

2.3.3. Applications  

The mitochondrial membrane has a negative potential of -180 mV, therefore, it is typical 

to use cationic dyes for imaging these organelles.14 The push-pull system in 1,2-DHPs 

(Figure 2.2B) renders the ring nitrogen of 1,2-DHP to attain a sufficient positive charge, 

thus, 1,2-DHPs may have an ability to serve as mitochondrial staining agents. Further, to 

assess the potential of 1,2-DHPs for specific mitochondrial staining, 1,2-DHPs 5a-5g 

were studied in HeLa cells. Initially, cytotoxicity of 1,2-DHPs were evaluated using MTT 

assay and it was found that 1,2-DHPs exhibit greater than 80% cell viability at 30 µM 

(Figure 2.3C).  
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Figure 2.3C. Cytotoxicity assessed by MTT assay in HeLa cells. Different concentrations 

of 5a, 5b, 5c, 5d, 5f, 5g, 5h and 5h were evaluated. Values are the mean ± SD of three 

different experiments. 

 

Figure 2.3D. Fluorescent images of HeLa cells a) treated with 1,2-DHPs 5b, 5d and 5g 

(30 μM) for 10 min, b) MitoTracker red CMXRos (CMXRos, 50 nM) for 30 min, c) 

merged image of (a) and (b) with bright field image (60 X magnification). Excitation 

wavelength: 440 nm (for 1,2-DHP) and 540 nm (for CMXRos) and Emission wavelength: 

515 nm (for 1,2-DHP) and 645 nm (for CMXRos). Pearson's correlation coefficients were 

obtained as 0.79, 0.86 and 0.75 for 1,2-DHPs 5b, 5d and 5g, respectively. 
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HeLa cells were incubated with 30 μM of 1,2-DHPs for 10 minutes, and excess 

compound was washed with HBSS buffer solution. As shown in Figure 2.3D, 1,2-DHPs 

were localised mostly in the cytoplasm and specifically stained mitochondria in HeLa 

cells, and no nuclear uptake was observed. Additionally, the co-staining experiment with 

MitoTracker red CMXRos (CMXRos), a commercially available mitochondria imaging 

dye, confirmed the localisation of 1,2-DHPs in the mitochondria supported by Pearson’s 

correlation coefficient in the range of 0.75-0.89. Among all the 1,2-DHPs under study, 

1,2-DHP 5b, 5d and 5g were found to exhibit high fluorescence intensity compared to 

others. 

As a proof of concept, to justify the importance of the new 1,2-DHP as a fluorescent 

probe, we have synthesized a phosphorylated analogue 5h from 1,2-DHP 5h (Scheme 

2.3.3). It is well known that direct and rapid analysis of the crude lysate for endogenous 

phosphatase enzyme such as protein tyrosine phosphatases (PTPs) are of prime interest 

owing to their significant role in insulin signaling pathways15 and a variety of disease 

states16 including hepatocellular carcinoma17 as well as metabolic disorders.18 PTPs are 

significant targets in many diseases, and there is a growing need for direct determination 

of endogenous protein phosphatase activity.19 The UV-vis absorption spectrum of the 1,2-

DHP 5h in methanol exhibited absorption maximum at 448 nm, and the corresponding 

emission spectrum shows a peak at 594 nm, while in aqueous buffer medium (25 mM 

Hepes buffer, pH 7.4) a small bathochromic shift was observed both in absorption and 

emission spectra (Figure 2.3E). The quantum yield of 1,2-DHP 5h in Hepes buffer 

medium is reduced to 0.007 which can be rationalized by differences in the electron 

density involved in conjugation with phosphate and phenoxide groups. This difference of 

electronic distribution reflected in fluorescence lifetime profile also. 1,2-DHP 5h in 

Hepes buffer exhibited a fluorescence lifetime of 1.94 ns which is good enough for 

imaging experiments,20 while its phosphorylated analogue 1,2-DHP 5h did not show any 

decay profile due to its weak fluorescence property (Table 2.3.4).  
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Figure 2.3E. Absorption and emission spectral profile (normalized) of a) 1,2-DHP 5h 

and b) 1,2-DHP 5h in methanol and Hepes buffer (25 mM, pH 7.4, 0.3% DMSO) at 

room temperature. 

 

Figure 2.3F. Energy minimized structure of a) 1,2-DHP 5h and b) 1,2-DHP 5h at DFT 

level and corresponding c) HOMO and d) LUMO of 1,2-DHP 5h. e) Absorption, 

emission (ex = 450 nm) spectra of 1,2-DHPs 5h and 5h at room temperature (25 mM 

Hepes buffer, pH 7.4, 0.3% DMSO) and corresponding visual fluorescence change 

(inset). 

To get the structural details of 1,2-DHPs 5h and 5h, both the structures in its 

ground state were optimized using DFT with the B3LYP21 exchange correlation 

functional and the 6-31G** basis set22 with Gaussian G09 package23 and the 

corresponding structures have been given in Figure 2.3Fa-b. The HOMO-LUMO of 1,2-

DHP 5h have been given in Figure 2.3Fc and 2.3Fd respectively, which show that the 

HOMO of 1,2-DHP 5h is largely localized on the diethylaniline group whereas the 

LUMO is predominantly confined on 1,2-DHP core, thus supporting our concept of push-
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pull system. In aqueous medium, at physiological pH (Hepes buffer, pH 7.4), the 

fluorescence emission properties of 1,2-DHPs 5h and 5h showed distinct change. 1,2-

DHP 5h with free hydroxyl group exhibited a six-fold higher orange fluorescence to that 

of 1,2-DHP 5h appended with a phosphate group (Figure 2.3Fe). The corresponding 

fluorescence changes were also reflected in visual appearance of both the solutions 

(Figure 2.3Fe, inset).  

This significant difference in emission intensity inspired us to explore 1,2-DHP 5h as a 

phosphatase sensor. As it is well known that, blinking and photobleaching of the 

fluorophores may cause problems for the imaging experiments,24 thus the photostability 

of 1,2-DHP 5h was first tested by monitoring the fluorescence intensity as a function of 

time upon continuous irradiation ( = 445 nm) in Hepes buffer solution (25 mM, pH 7.4, 

0.3% DMSO) over a period of 20 minutes under aerobic conditions and was found to be 

quite stable (Figure 2.3G).  

 

 

 

 

Figure 2.3G. Photostability of 1,2-DHP 5h. 

Encouraged by the fluorescence features of 1,2-DHPs 5h and 5h, we further investigated 

its suitability as a probe for biological systems. The cytotoxicity of 1,2-DHPs 5h and 5h 

was determined by MTT assay in L6 cell lines. Cells were treated with different 

concentration of 1,2-DHPs 5h and 5h ranging from 1 µM to 30 µM and after 2 hour 

treatment we found that both 1,2-DHPs 5h and 5h were less than 20% toxic upto 30 µM 

(Figure 2.3Ha). 
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Figure 2.3H. a) Cytotoxicity of 1,2-DHPs 5h and 5h in L6 myoblast by MTT assay at 

different concentrations. Values are the means ± SD of three different experiments. b) 

Comparative emission intensity for the direct assessment of protein tyrosine phosphatase 

activity of 1,2-DHP 5h from cell lysate. 

In our next attempt, we investigated the applicability of 1,2-DHP 5h as a 

chemosensor in presence of PTPs from L6 muscle cell lysate as a preliminary study. This 

enzymatic reaction was performed in a 96 micro-well plate by the addition of cell lysate 

(5 μL, 0.8 g/L) to a 100 μL aqueous solution of 1,2-DHP 5h (30 μM) in Hepes buffer 

(25 mM, pH 7.4, 0.3% DMSO). After incubation at room temperature for 15 min, the 

fluorescence intensities were measured at an excitation wavelength of 450 nm and 

emission at 590 nm. The increase in fluorescence intensity with time clearly indicated 

cleavage of phosphate group which is a result of conversion of 1,2-DHP 5h to 1,2-DHP 

5h (Figure 2.3Hb), thus, indicating the suitability of 1,2-DHP 5h as a fluorescent bio-

probe useful for monitoring the activity of PTPs. Further to demonstrate the interference 

of 1,2-DHP 5h with other biologically relevant analytes, we measured the change in 

fluorescence intensity of 5h in presence of various metal ions, reactive oxygen species 

and under different pH conditions. Interestingly, there was no influence of these analytes 

in varying the fluorescence intensity 1,2-DHP 5h (Figure 2.3I and Figure 2.3J). 

a
)

a) b)

5h 5h+ Cell lysate
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Figure 2.3I. Changes in the fluorescence intensity of 1,2-DHP 5h (10 µM in aqueous 

solution at pH 7.4) in presence various biologically important metal ions (100 µM) and 

reactive oxygen species H2O2 (10 µM). 

 

 

Figure 2.3J. Changes in the fluorescence intensity of 1,2-DHP 5h(10 µM) at different 

pH (5 to 8). 

 

5h
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2.4. Conclusion 

In summary, we have designed and synthesized a new class of 1,2-DHP based 

fluorophores by a facile one-step multicomponent protocol, and their photophysical 

properties were studied in detail. The results indicate that 1,2-DHPs with an extended N-

benzylideneamine appendage have an absorption and emission maxima around 420 and 

600 nm, respectively, having prominent Stokes shift. In particular, 1,2-DHPs 5g and 5h 

showed remarkable photophysical properties with high fluorescence. Furthermore, 1,2-

DHPs 5b, 5d and 5g are recognised as well-suited mitochondrial staining agents in HeLa 

cells. The potential of fluorophore 1,2-DHP 5h as a fluorescent probe in tyrosine 

phosphatase activity on the cell lysate was also explored. Synthetic accessibility and 

scope for conjugation warrants the utility of 1,2-DHP as a potential fluorescent probe for 

biological applications.  

2.5. Experimental section 

2.5.1. General experimental methods  

All the reactions were conducted using undistilled solvents, whereas CH2Cl2 was distilled 

over CaH2 which was used for the demethylation of the phosphate ester of 1,2-DHP 5h. 

Silica gel 60 F254 aluminium TLC plates were used to monitor the reactions with short 

and long wavelength UV and visible lights to visualize the spots. Column 

chromatography was performed on silica gel 100-200 and 230-400 mesh. Shimadzu 

HPLC instrument with C18-phenomenex reversed phase column (250 × 21.2 mm, 5 µm) 

was used for the purification of 1,2-DHP 5h using methanol and water. 1H, 13C and 31P 

NMR spectra were recorded on a Bruker Avance II spectrometer at 500, 125 and 202 

MHz, respectively. Chemical shifts are given in ppm using solvent residual peak of 

chloroform δ 7.26, methanol δ 3.31 ppm as reference, and coupling constants in Hz. HR-

ESI-MS analysis was recorded on a Thermo Scientific Exactive-LCMS instrument with 

ions given in m/z. Absorption spectra were recorded using a Shimadzu UV-2450, UV-

Visible spectrophotometer using quartz cuvette with a 1 cm path length. Fluorescence 

spectrum of the 1,2-DHPs were recorded on a FluoroLog-322 (Horiba), which was 

equipped with a 450 W Xe arc lamp as the excitation source. The fluorescence quantum 

yields were determined with the relative method employing an optically matched solution 
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of coumarin 153 in MeOH as the reference (R = 0.46). The following equation was used 

for calculating quantum yield,  

S = 
AbsR

AbsS
×

AreaS

AreaR
×

𝑛S
2

𝑛R
2

× R 

Where, the subscript R and S refers to the reference and samples respectively. Abs, Area 

and n are the absorbance at the excitation wavelength, area under the fluorescence 

spectrum and refractive index of the solvent, respectively. Fluorescence lifetimes were 

measured using an IBH (FluoroCube) time correlated single photon counting (TCSPC) 

system. L6 myoblast and HeLa cells were obtained from National Centre for Cell 

Sciences, Pune, India. Tris buffer (25 mM, pH 7.4, 0.3% DMSO), Hepes buffer (25 mM, 

pH 7.4, 0.3% DMSO) and Hanks balanced salt solution (HBSS, pH 7.4) buffers were 

used for the cell culture studies. The cells were visualized using a fluorescent microscope 

(Pathway 855, BD Bioscience, USA). Pearson's correlation coefficients were calculated 

using ImageJ software with JACoP plugin. 

2.5.2. General procedure for the synthesis of 1,2-DHP 4a-4i 

To a solution of compound 1 in CH3CN was added pertinent aldehyde (1.2 equiv), amine 

(1.2 equiv), and TFA (1.0 equiv) in a sequence at room temperature. The reaction mixture 

usually develops a bright yellow color within 15 min which is an indication of the 

formation of 1,2-DHP. After complete consumption of 1, as observed on TLC, the 

reaction mixture was quenched with saturated NaHCO3, extracted with ethyl acetate, 

dried (Na2SO4) and concentrated. The resulting residue was purified by flash column 

chromatography to afford 1,2-DHP derivative. 

2.5.3. General procedure for the synthesis of hydrazone 

To a solution of hydrazine hydrate (10 equiv) in ethanol (10 mL) was added pertinent 

aldehyde (1 equiv) and the resulting mixture was stirred under reflux overnight. After 

complete consumption of the aldehyde, as indicated by 1H NMR, the reaction mixture 

was diluted with water and extracted with CH2Cl2. The organic layer was dried over 

anhydrous Na2SO4, concentrated, and the resulting residue was used directly for the next 

step without further purification. 

2.5.4. General procedure for the synthesis of 1,2-DHPs 5a-5g 

To a solution of dieneaminodioate (0.77 mmol, 1 equiv) in CH3CN (3 mL) was added 

aldehyde (1.15 mmol, 1.5 equiv), hydrazone (1.15 mmol, 1.5 equiv) and trifluoroacetic 
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acid (0.77 mmol, 1 equiv) at room temperature. The reaction mixture usually develops a 

yellow to dark red coloration immediately, which is an indication of the formation of 1,2-

DHP. After complete consumption of dieneaminodioate, as observed on TLC, the 

reaction mixture was quenched with saturated aqueous NaHCO3 and extracted with 

EtOAc. The organic layer was dried over anhydrous Na2SO4, concentrated and the 

resulting residue was purified by column chromatography to afford the desired 1,2-DHP. 

2.5.5. Procedure for the synthesis of 1,2-DHP 5h 

To a solution of triethylene glycol monomethyl ether (7.92 mmol, 1 equiv) in CH2Cl2 at 

room temperature was added Dess-Martin periodinane (19.8 mmol, 2.5 equiv) in one 

portion. After one hour of stirring, the reaction mixture was filtered through a celite pad 

and washed with EtOAc. The resulting filtrate was concentrated under reduced pressure, 

and the 1H NMR of the crude mixture confirmed the formation of the aldehyde. The crude 

aldehyde without further purification was treated with hydrazine hydrate (6.66 mmol, 3 

equiv) in presence of trifluoroacetic acid (1.11 mmol, 0.5 equiv) and anhydrous MgSO4 

(22.2 mmol, 10 equiv) in CH3CN (10 mL) solvent. After 15 min, dieneaminodioate (2.22 

mmol, 1 equiv) and trifluoroacetic acid (1.11 mmol, 0.5 equiv) were added. The mixture 

was then allowed to stir for 8h at room temperature. After complete consumption of 

dieneaminodioate, as observed on TLC, the reaction mixture was quenched with saturated 

aqueous NaHCO3 and extracted with EtOAc. The organic layer was dried over anhydrous 

Na2SO4, concentrated and the resulting residue was purified by column chromatography 

to afford the desired 1,2-DHP 5h. 

2.5.6. Procedure for the synthesis of 1,2-DHP 5h 

To a stirred solution of 1,2-DHP 5h (0.53 mmol, 1 equiv) and NaH (60% dispersion in 

oil, 0.79 mmol, 1.5 equiv) in THF (4 mL) at room temperature under nitrogen atmosphere 

was added dimethyl chlorophosphate (0.79 mmol, 1.5 equiv). After 3h of stirring at room 

temperature, the reaction mixture was quenched with water and extracted with EtOAc. 

The organic layer was dried over anhydrous Na2SO4, filtered and the solvent was 

evaporated under reduced pressure. The crude product was purified by column 

chromatography on silica gel to afford the diethyl phosphate ester of 1,2-DHP 1h. To a 

solution of this diethyl phosphate ester of 1,2-DHP 5h (0.11 mmol, 1 equiv) in dry 

CH2Cl2 (3 mL) was added bromotrimethylsilane (1.08 mmol, 10 equiv) dropwise at room 

temperature. The reaction mixture was stirred overnight at room temperature under 

nitrogen atmosphere and quenched with MeOH (5 mL), stirring was continued for further 
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30 mins. The reaction mixture was then concentrated and purified by reversed-phase 

HPLC using H2O/methanol to afford 1,2-DHP 5h. Phosphorylated analogues 4g, 4h and 

4j were synthesised using this procedure. 

2.5.7. Procedure for the synthesis of 1,2-DHP 5j 

To a solution of 1,2-DHP 5g (0.08 mmol, 1 equiv) in MeOH (4 mL) was added 10% 

aqueous KOH (2.5 mL) and stirred at room temperature overnight. The reaction mixture 

was then evaporated, diluted with 20% aqueous KHSO4 (4 mL), and extracted with 

CHCl3/MeOH (7:1, 2 x 30 mL). The organic layer was dried over anhydrous Na2SO4, 

concentrated and the resulting residue was purified by column chromatography using 

CHCl3/MeOH 98:2 to afford the mono-carboxylic acid product of 1,2-DHP 5g (92%). 

To a solution of mono-carboxylic acid (0.03 mmol, 1 equiv) in CH2Cl2 (1.5 mL) were 

added p-nitrophenol (0.03 mmol, 1.2 equiv), N,N'-dicyclohexylcarbodiimide (0.04 mmol, 

1.5 equiv), and 4-dimethylaminopyridine (0.003 mmol, 0.1 equiv) at room temperature. 

After complete consumption of the starting material, the reaction mixture was quenched 

with saturated aqueous NaHCO3 (5 mL) and extracted with CH2Cl2 (2 x 10 mL). The 

organic layer was washed thrice with saturated NaHCO3. The combined organic layers 

were dried over anhydrous Na2SO4, concentrated and the resulting residue was purified 

by column chromatography using hexane/EtOAc 95:5 to afford 1,2-DHP 5j as an orange 

red needle like crystalline product. 

2.5.8. Cellular studies: 

2.5.8A. Cell culture and treatment: 

Rat skeletal muscle cell lines (L6 myoblasts) and Cervical cancer cell line (HeLa) were 

maintained in DMEM supplemented with 10% FBS, 1% antibiotic–antimycotic mix at 37 

°C under 5% CO2 atmosphere.  

2.5.8B. Cell viability study of 1,2 DHPs 5h and 5h on L6 myoblast: 

MTT assay was performed to check the cytotoxicity of the compounds. The viability of 

L6 myoblast was measured by means of MTT assay. Cytotoxicities of 1,2 DHPs 5h and 

5h (1 M, 5 M, 10 M, 20 M and 30 M) were standardized based on concentration. 

Briefly, cells after incubation with the compound were washed and MTT (0.5 g/L), 

dissolved in DMEM, was added to each well for the estimation of mitochondrial 

dehydrogenase activity as described previously by Mosmann.25 After an additional 2 h of 

incubation at 37 °C in a CO2 incubator, 10% SDS in DMSO was added to each well, and 

the absorbance at 570 nm of solubilized MTT formazan products were measured after 45 
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min using a micro-plate reader (BIOTEK-USA). Results were expressed as percentage of 

cytotoxicity. 

Percentage of Toxicity  = 
Absorbance of Control − Absorbance of Sample

Absorbance of Control
× 100 

2.5.8C. Preparation of cell lysate:  

Cells were grown in T25 flasks, after attaining 60% confluency, cells were differentiated 

in DMEM containing 2% horse serum for 5 days. Differentiated cells were then washed 

three times with Hepes buffer (25 mM, pH 7.4). Cells were scraped off from the plates 

using a cell scrapper, centrifuged and the proteins were extracted from the cell pellet 

using 0.15 M KCl (4 C for 30 min). The protein content of the lysate was then measured 

using BCA protein assay kit. 

2.5.8D. Cell viability on HeLa Cell: 

Viability of HeLa cell was measured by means of MTT assay as explained before for the 

L6 myoblast. Cytotoxicities of 5a, 5b, 5c, 5d, 5f, 5g, 5h and 5h (10 M, 20 M, 30 M, 

50 M, 75 M and 100 M) were carried out based on the concentrations. 

2.5.8E. Co-Localization study of 1,2-DHPs with MitoTracker CMXRos: 

Cells were grown in 96 well black clear bottom plates (BD Biosciences, Franklin Lakes, 

BJ) and after attaining 90% confluency the cells were taken for the experiments. HeLa 

cells were incubated with Mito-Tracker CMXRos (50 nM) for 20 minutes at 37C 

followed by addition of corresponding 1,2-DHPs (30 µM) and incubated for 10 minutes. 

This was followed by washing the cells twice with HBSS to remove unbound dye. The 

cells were visualized under a fluorescent microscope (Pathway 855, BD Bioscience, 

USA)  

2.5.9. Spectral details of products  

Dimethyl 1-(4-hydroxyphenyl)-2-(p-tolyl)-1,2-dihydropyridine-3,5-dicarboxylate (4a) 

1H NMR (CDCl3, 500 MHz):  = 7.94 (s, 1H), 7.73 (d, J = 1 Hz, 1H), 7.24 (d, J = 8 Hz, 

2H), 7.08 (d, J = 8 Hz, 2H), 6.94 (d, J = 8 Hz, 2H), 6.78 (d, J = 8 Hz, 2H), 5.98 (s, 1H), 

3.80 (s, 3H), 3.74 (s, 3H), 2.31 ppm (s, 3H); 13C NMR (CDCl3, 125 MHz):  = 166.7, 

166.3, 158.3, 156.1, 146.7, 137.8, 133.7, 130.9, 127.9, 123.8, 115.5, 114.6, 113.6, 100.6, 

62.0, 51.6, 51.3, 21.3 ppm; HR-ESI-MS: m/z calcd for C22H21NNaO5: 402.1317 [M + 

Na]+; found: 402.1313. 
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Dimethyl 1-(2-hydroxyphenyl)-2-(p-tolyl)-1,2-dihydropyridine-3,5-dicarboxylate (4b) 

1H NMR (CDCl3, 500 MHz):  = 7.87 (s, 1H), 7.44 (s, 1H), 7.17 (d, J = 7.5 Hz, 2H), 7.13 

(d, J = 8 Hz, 1H), 7.04 (d, J = 7.5 Hz, 2H), 6.92 (d, J = 8 Hz, 1H), 6.85 (d, J = 8 Hz, 1H), 

6.79 (t, J = 7.5 Hz, 1H) 5.94 (s, 1H), 3.79 (s, 3H), 3.70 (s, 3H), 2.30 ppm (s, 3H); 13C 

NMR (CDCl3, 125 MHz):  = 166.6, 166.4, 150.6, 150.0, 138.5, 137.9, 132.1, 131.3, 

129.3, 129.2, 128.1, 127.1, 120.9, 117.3, 113.7, 99.2, 62.2, 51.6, 51.2, 21.1 ppm; HR-

ESI-MS: m/z calcd for C22H21NNaO5: 402.1317 [M + Na]+; found: 402.1311. 

Dimethyl 1,2-bis(4-methoxyphenyl)-1,2-dihydropyridine-3,5-dicarboxylate (4c) 

1H NMR (CDCl3, 500 MHz):  = 7.96 (s, 1H), 7.74 (s, 1H), 7.32 (d, J = 8 Hz, 2H), 7.06 

(d, J = 8 Hz, 2H), 6.84 (d, J = 8.5 Hz, 2H), 6.82 (d, J = 8 Hz, 2H), 5.97 (s, 1H), 3.79 (s, 

3H), 3.78 (s, 3H), 3.73 ppm (s, 3H); 13C NMR (CDCl3, 125 MHz):  = 166.3, 166.2, 

159.5, 158.2, 146.5, 137.9, 134.1, 130.8, 127.6, 123.5, 114.6, 114.0, 113.5, 101.1, 61.8, 

55.5, 55.2, 55.0, 51.5, 51.1 ppm; HR-ESI-MS: m/z calcd for C23H23NNaO6: 432.1423 [M 

+ Na]+; found: 432.1420. 

Dimethyl 1-(2-methoxyphenyl)-2-(4-methoxyphenyl)-1,2-dihydropyridine-3,5-

dicarboxylate (4d) 

1H NMR (CDCl3, 500 MHz):  = 7.82 (d, J = 1 Hz, 1H), 7.66 (s, 1H), 7.24 (m, 1H), 7.14 

(m, 3H), 6.93 (dd, J = 7.5, 0.5, Hz, 1H), 6.83 (m, 2H), 6.73 (d, J = 8 Hz, 2H), 5.84 (s, 

1H), 3.77 (s, 3H), 3.75 (s, 3H), 3.73 (s, 3H) 3.67 ppm (s, 3H); 13C NMR (CDCl3, 125 

MHz):  = 166.4, 166.2, 159.5, 153.7, 150.0, 133.6, 132.8, 131.7, 129.0, 128.6, 128.2, 

128.1, 127.6, 125.6, 120.9, 113.6, 113.5, 112.2, 98.3, 62.0, 55.8, 55.1, 51.4, 51.0 ppm; 

HR-ESI-MS: m/z calcd for C23H23NNaO6: 432.1423 [M + Na]+; found: 432.1429. 
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Figure 2.5A. 1H and 13C NMR Spectra of 4b 
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Dimethyl 2-(4-hydroxyphenyl)-1-(4-methoxyphenyl)-1,2-dihydropyridine-3,5-

dicarboxylate (4e) 

1H NMR (CDCl3, 500 MHz):  = 7.84 (s, 1H), 7.66 (s, 1H), 7.12 (d, J = 7.5 Hz, 2H), 6.91 

(d, J = 8 Hz, 2H), 6.71 (d, J = 8 Hz, 2H), 6.61 (d, J = 8 Hz, 2H), 5.84 (s, 1H), 3.72 (s, 

3H), 3.70 (s, 3H), 3.63 ppm (s, 3H); 13C NMR (CDCl3, 125 MHz):  = 166.7, 166.3, 

158.3, 156.1, 146.7, 137.8, 133.7, 130.9, 127.9, 123.8, 115.5, 114.6, 113.6, 100.6, 62.0, 

55.5, 51.6, 51.3 ppm; HR-ESI-MS: m/z calcd for C22H21NNaO6: 418.1266 [M + Na]+; 

found: 418.1260. 

Dimethyl 2-(2-hydroxyphenyl)-1-(4-methoxyphenyl)-1,2-dihydropyridine-3,5-

dicarboxylate (4f) 

1H NMR (CDCl3, 500 MHz):  = 8.13 (s, 1H), 7.71 (d, J = 1 Hz, 1H), 7.37 (dd, J = 8, 1.5 

Hz, 1H), 7.14 (td, J = 8.5, 1.5 Hz, 1H), 6.92 (m, 3H), 6.79 (td, J = 7.5, 1 Hz, 1H), 6.73 (d, 

J = 9 Hz, 2H), 6.07 (s, 1H), 3.75 (s, 3H), 3.72 (s, 3H), 3.68 ppm (s, 3H); 13C NMR 

(CDCl3, 125 MHz):  = 168.9, 166.0, 158.2, 150.6, 146.4, 137.5, 132.5, 130.5, 130.0, 

126.8, 121.9, 121.8, 119.3, 114.7, 111.4, 101.5, 56.1, 55.5, 52.5, 51.4 ppm; HR-ESI-MS: 

m/z calcd for C22H21NNaO6: 418.1266 [M + Na]+; found: 418.1276. 

Dimethyl 1-(2-hydroxyphenyl)-2-(4-methoxyphenyl)-1,2-dihydropyridine-3,5-

dicarboxylate (4g) 

1H NMR (CDCl3, 500 MHz):  = 7.86 (d, J = 1.5 Hz 1H), 7.76 (s, 2H), 7.16 (d, J = 6.5 

Hz, 1H), 7.08 (td, J = 8.5, 2 Hz, 1H), 6.89 (dd, J = 8, 1 Hz, 1H), 6.77 (dd, J = 8, 1.5 Hz, 

1H), 6.74 (d, J = 8, Hz 1H), 6.70 (d, J = 9 Hz, 1H), 5.99 (s, 1H), 3.77 (s, 3H), 3.73 (s, 

3H), 3.68 ppm (s, 3H); 13C NMR (CDCl3, 125 MHz):  = 166.8, 166.7, 159.6, 150.7, 

150.3, 133.2, 132.2, 131.0, 129.0, 128.6, 128.0, 120.6, 117.2, 113.8, 113.5, 98.4, 61.6, 

55.1, 51.7, 51.3 ppm; HR-ESI-MS: m/z calcd for C22H21NNaO6: 418.1266 [M + Na]+; 

found: 418.1261. 

Dimethyl 1-(4-hydroxyphenyl)-2-(4-methoxyphenyl)-1,2-dihydropyridine-3,5-

dicarboxylate (4h) 

1H NMR (CDCl3, 500 MHz):  = 7.91 (s, 1H), 7.74 (d, J = 1 Hz, 1H), 7.27 (d, J = 6.5 Hz, 

2H), 6.92 (d, J = 7 Hz, 2H), 6.79 (d, J = 8.5 Hz, 2H), 6.77 (d, J = 8.5 Hz, 2H), 5.93 (s, 
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1H), 3.80 (s, 3H), 3.76 (s, 3H), 3.73 ppm (s, 3H); 13C NMR (CDCl3, 125 MHz):  = 

166.9, 166.6, 159.5, 155.4, 146.7, 137.3, 133.8, 131.0, 127.6, 123.7, 116.1, 114.0, 113.1, 

100.5, 61.9, 60.5, 55.2, 51.4 ppm; HR-ESI-MS: m/z calcd for C22H21NNaO6: 418.1266 

[M + Na]+; found: 418.1269. 

Dimethyl-2-(4-methoxyphenyl)-1-(2-(phosphonooxy)phenyl)-1,2-dihydropyridine-3,5-

dicarboxylate (4g) 

1H NMR (CDCl3, 500 MHz):  = 7.74 (s, 1H), 7.72 (s, 1H), 7.53 (d, J = 8 Hz, 1H), 7.29 

(t, J = 7.5 Hz, 1H), 7.14 (d, J = 7 Hz, 2H), 7.00 (t, J = 6 Hz, 1H), 6.81 (d, J = 7 Hz, 1H), 

6.77 (d, J = 9 Hz, 2H), 5.96 (s, 1H), 3.74 (s, 3H), 3.73 (s, 3H), 3.64 ppm (s, 3H); 13C 

NMR (CDCl3, 125 MHz):  = 165.3, 165.1, 158.9, 150.0, 149.9, 133.8, 133.6, 133.4, 

130.6, 128.3, 128.2, 127.7, 121.8, 121.4, 121.2, 113.7, 113.6, 99.5, 96.7, 60.9, 60.8, 54.9, 

51.3, 51.2, 50.7 ppm; HR-ESI-MS: m/z calcd for C22H21NO9P: 474.0954 [M - 1]-; found: 

474.0959. 

Dimethyl-2-(4-methoxyphenyl)-1-(4-(phosphonooxy)phenyl)-1,2-dihydropyridine-3,5-

dicarboxylate (4h) 

1H NMR (CDCl3, 500 MHz):  = 7.99 (s, 1H), 7.64 (s, 1H), 7.21 (m, 6H), 7.80 (m, 2H), 

6.02 (s, 1H), 3.77 (s, 3H), 3.73 (s, 3H), 3.70 ppm (s, 3H); 13C NMR (CDCl3, 125 MHz):  

= 165.5, 165.3, 159.7, 149.9, 145.3, 140.6, 133.8, 129.8, 127.4, 122.4, 121.4, 114.5, 

113.9, 101.8, 60.9, 54.6, 51.0, 50.5, ppm; HR-ESI-MS: m/z calcd for C22H22NNaO9P: 

498.0930 [M + Na]+; found: 498.0932. 

Dimethyl 2-hydroxy-9aH-pyrido[1,2-f]phenanthridine-7,9-dicarboxylate (4j) 

1H NMR (CDCl3, 500 MHz):  = 9.91 (s, 1H), 7.75 (d, J = 7.5 Hz, 1H), 7.69 (s, 1H), 7.58 

(s, 1H), 7.38 (m, 4H), 6.96 (d, J = 7.5 Hz, 1H), 6.88 (d, J = 8.5 Hz, 1H), 5.68 (s, 1H), 3.74 

(s, 3H), 3.62 ppm (s, 3H); 13C NMR (CDCl3, 125 MHz):  = 171.0, 170.4, 160.5, 150.8, 

139.0, 138.5, 136.1, 134.6, 134.0, 132.0, 131.6, 127.6, 127.5, 124.3, 119.9, 114.4, 114.0, 

102.2, 60.1, 55.6, 55.0 ppm; HR-ESI-MS: m/z calcd for C21H17NNaO5: 386.1004 [M + 

Na]+; found: 386.1009. 
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Dimethyl 2-(phosphonooxy)-9aH-pyrido[1,2-f]phenanthridine-7,9-dicarboxylate (4j) 

1H NMR (CDCl3, 500 MHz):  = 7.86 (m, 3H), 7.67 (s, 1H), 7.41 (t, J = 7.5 Hz, 1H), 7.35 

(m, 3H), 7.01 (d, J = 7.5 Hz, 1H), 5.79 (s, 1H), 3.81 (s, 3H), 3.72 ppm (s, 3H); 13C NMR 

(CDCl3, 125 MHz):  = 166.8, 166.3, 146.5, 134.8, 134.7, 133.7, 130.6, 129.5, 128.0, 

127.4, 123.7, 123.1, 121.0, 124.3, 119.9, 114.4, 114.0, 102.2, 60.1, 55.6, 55.0 ppm; HR-

ESI-MS: m/z calcd for C21H17NO8P: 442.0692 [M + 1]+; found: 442.0702. 

(E)-Dimethyl-1-(4-methylbenzylideneamino)-2-para-tolyl-1,2-dihydropyridine-3,5-

dicarboxylate (5a) 

Rf0.66 (CH2Cl2/hexane/EtOAc 2:7.8:0.2, developed four times); Yield 25%. 1H NMR 

(500 MHz, CDCl3): δ 8.33 (d, J = 1 Hz, 1H), 7.94 (s, 1H), 7.66 (d, J = 1.5 Hz, 1H), 7.48 

(d, J = 8 Hz, 2H), 7.34 (d, J = 8 Hz, 2H), 7.15 (d, J = 8 Hz, 2H), 7.08 (d, J = 8 Hz, 2H), 

6.45 (s, 1H), 3.82 (s, 3H), 3.73 (s, 3H), 2.34 (s, 3H), 2.27 (s, 3H); 13C NMR (125 MHz, 

CDCl3): δ 166.0, 165.9, 147.9, 142.9, 140.7, 138.3, 136.4, 130.9, 129.6, 129.5, 129.4, 

127.4, 126.3, 117.0, 99.2, 58.3, 51.7, 51.4, 21.4, 21.1; HR-ESI-MS: m/z calcd for 

C24H25N2O4: 405.1814 [M + H]+; found: 405.1821. 
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Figure 2.5B. 1H and 13C NMR Spectra of 5a 
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(E)-Dimethyl-1-(4-methoxybenzylideneamino)-2-(4-methoxyphenyl)-1,2-dihydropyridine-

3,5-dicarboxylate (5b) 

Rf 0.37 (CH2Cl2/hexane/EtOAc 2:7.8:0.2, developed four times); Yield 23%. 1H NMR 

(500 MHz, CDCl3): δ 8.30 (s, 1H), 7.94 (s, 1H), 7.66 (d, J = 1 Hz, 1H), 7.54 (d, J = 8.5 

Hz, 2H), 7.37 (d, J = 8 Hz, 2H), 6.88 (d, J = 9 Hz, 2H), 6.80 (d, J = 8.5 Hz, 2H), 6.43 (s, 

1H), 3.81 (s, 6H), 3.74 (s, 3H), 3.73 (s, 3H); 13C NMR (125 MHz, CDCl3): δ 165.0, 

164.9, 160.4, 158.5, 146.6, 141.7, 130.7, 129.8, 128.0, 126.7, 125.3, 115.7, 113.2, 113.1, 

97.8, 56.9, 54.4, 54.2, 50.7, 50.4; HR-ESI-MS: m/z calcd for C24H24N2O6Na: 459.1532 

[M + Na]+; found: 459.1531. 

(E)-Dimethyl-1-(4-methylbenzylideneamino)-2-methyl-1,2-dihydropyridine-3,5-

dicarboxylate (5c) 

Rf 0.63 (EtOAc/hexane 1:9); Yield 60%. 1H NMR (500 MHz, CDCl3): δ 8.03 (s, 2H), 

7.64 (s, 1H), 7.60 (d, J = 8 Hz, 2H), 7.23 (d, J = 8 Hz, 2H), 5.58 (q, J = 6 Hz, 1H), 3.80 

(s, 6H), 2.39 (s, 3H), 1.25 (d, J = 6 Hz, 3H); 13C NMR (125 MHz, CDCl3): δ 165.9, 

146.8, 141.3, 140.7, 132.2, 130.9, 129.6, 127.4, 116.1, 99.6, 51.7, 51.3, 49.4, 21.5, 16.6; 

HR-ESI-MS: m/z calcd for C18H21N2O4: 329.1501 [M + H]+; found: 329.1499. 

(E)-Dimethyl-1-(4-methoxybenzylideneamino)-2-methyl-1,2-dihydropyridine-3,5-

dicarboxylate (5d) 

Rf 0.36 (CH2Cl2/hexane/EtOAc 2:7:1, developed four times); Yield 44%. 1H NMR (500 

MHz, CDCl3): δ 8.02, (s, 2H), 7.66 (d, J = 9 Hz, 2H), 7.65 (s, 1H), 6.95 (d, J = 8.5 Hz, 

2H), 5.56 (q, J = 6 Hz, 1H), 3.86 (s, 3H), 3.80 (s, 3H), 3.79 (s, 3H), 1.25 (d, J = 6.5 Hz, 

3H); 13C NMR (125 MHz, CDCl3): δ 165.9, 161.5, 146.8, 141.2, 132.3, 129.0, 126.4, 

115.8, 114.4, 99.4, 55.4, 51.7, 51.3, 49.5, 16.7; HR-ESI-MS: m/z calcd for C18H21N2O5: 

345.1450 [M + H]+; found: 345.1454. 

(E)-Dimethyl-1-(ethylideneamino)-2-methyl-1,2-dihydropyridine-3,5-dicarboxylate (5e) 

Rf 0.53 (EtOAc/Hexane 2:8, developed twice); Yield 32%. 1H NMR (500 MHz, CDCl3): 

δ 7.89 (s, 1H), 7.60 (d, J = 1 Hz, 1H), 7.48 (q, J = 5 Hz, 1H), 5.35 (q, J = 6 Hz, 1H), 3.77 

(s, 3H), 3.76 (s, 3H), 2.07 (d, J = 5.5 Hz, 3H), 1.15 (d, J = 6 Hz, 3H); 13C NMR (125 

MHz, CDCl3): δ 166.3, 166.2, 147.2, 142.3, 132.7, 115.7, 98.9, 52.0, 51.6, 49.4, 16.8, 

14.4; HR-ESI-MS: m/z calcd for C12H16N2O4Na: 275.1008 [M + Na]+; found: 275.1010. 
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(E)-Dimethyl-1-(3,4,5-trimethoxybenzylideneamino)-2-methyl-1,2-dihydropyridine-3,5-

dicarboxylate (5f) 

Rf=0.45 (EtOAc/hexane 2:8, developed four times); Yield 45%. 1H NMR (500 MHz, 

CDCl3): δ 8.05 (s, 1H), 7.97 (s, 1H), 7.64 (d, J = 1.5 Hz, 1H), 6.96 (s, 2H), 5.58 (q, J = 

6.5 Hz, 1H), 3.93 (s, 6H), 3.90 (s, 3H), 3.81 (s, 6H), 1.25 (d, J = 6 Hz, 3H); 13C NMR 

(125 MHz, CDCl3): δ 165.9, 153.6, 146.8, 140.7, 140.0, 132.1, 129.1, 116.3, 104.4, 99.9, 

60.9, 56.2, 51.8, 51.4, 49.5, 16.5; HR-ESI-MS: m/z calcd for C20H25N2O7: 405.1662 [M + 

H]+; found: 405.1669. 

(E)-Dimethyl-1-(4-(dimethylamino)benzylideneamino)-2-methyl-1,2-dihydropyridine-3,5-

dicarboxylate (5g) 

Rf 0.32 (EtOAc/hexane 1:9, developed thrice); Yield 34%. 1H NMR (500 MHz, CDCl3): δ 

8.03 (s, 1H), 8.01 (s, 1H), 7.65 (s, 1H), 7.59 (d, J = 9 Hz, 2H), 6.71 (d, J = 9 Hz, 2H), 

5.55 (q, J = 6.5 Hz, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 3.04 (s, 6H), 1.25 (d, J = 6.5 Hz, 3H); 

13C NMR (125 MHz, CDCl3): δ 166.1, 166.0, 151.9, 146.5, 142.8, 132.5, 129.0, 121.2, 

114.9, 111.9, 98.5, 51.7, 51.2, 49.7, 40.2, 17.0; HR-ESI-MS: m/z calcd for C19H24N3O4: 

358.1767 [M + H]+; found: 358.1772. 

(E)-dimethyl-1-((4-(diethylamino)-2-hydroxybenzylidene)amino)-2-((2-(2-

methoxyethoxy)ethoxy)methyl)-1,2-dihydropyridine-3,5-dicarboxylate (5h) 

Rf 0.40 (EtOAc/hexane 5:5); Yield 50%. 1H NMR (500 MHz, MeOD): δ 8.51 (s, 1H), 

8.06 (s, 1H), 7.70 (s, 1H), 7.27 (d, J = 8.5 Hz, 1H), 6.34 (d, J = 8.5 Hz, 1H), 6.18 (s, 1H), 

5.68 (d, J = 6 Hz, 1H), 3.81 (s, 3H), 3.79 (s, 3H), 3.66-3.52 (m, 7H), 3.46-3.37 (m, 7H), 

3.30 (s, 3H), 1.20 (d, J = 7 Hz, 6H); 13C NMR (125 MHz, CDCl3): δ 165.8, 165.7, 160.3, 

151.0, 149.6, 144.4, 134.1, 133.4, 109.4, 105.9, 104.1, 99.4, 98.0, 71.8, 71.3, 71.0, 70.6, 

70.5, 58.9, 54.5, 51.7, 51.3, 44.5, 12.6; HR-ESI-MS: m/z calcd for C26H37N3O8Na: 

542.2478 [M + Na]+; found: 542.2483. 

 

  



 

105 
 

Figure 2.5C. 1H and 13C NMR spectrum of 1,2-DHP 5h 
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Figure 2.5D. 1H and 13C NMR spectrum of 1,2-DHP 5h 

 

 

 



 

107 
 

Figure 2.5E. 31P NMR spectrum of 1,2-DHP 5h 

 

 

 

 

 

 

 

 

 

 

 

 

 

(E)-2-(((3,5-bis(methoxycarbonyl)-2-((2-(2-methoxyethoxy)ethoxy)methyl)pyridin-1(2H)-

yl)imino)methyl)-5-(diethylamino)phenyl phosphate (5h) 

Rf 0.42 (MeOH/EtOAc 3:7); Yield 58% (over two steps). 1H NMR (500 MHz, MeOD): δ 

8.62 (s, 1H), 8.11 (s, 1H), 7.97 (d, J = 8.5 Hz, 1H), 7.69 (s, 1H), 7.13 (s, 1H), 6.87 (d, J = 

8.5 Hz, 1H), 5.79 (t, J = 4 Hz, 1H), 3.81 (s, 3H), 3.79 (s, 3H), 3.63-3.52 (m, 14H), 3.30 (s, 

3H), 1.20 (d, J = 7 Hz, 6H); 13C NMR (125 MHz, MeOD): δ 166.3, 165.9, 153.0, 146.7, 

140.3, 133.5, 127.4, 111.3, 99.0, 71.5, 70.9, 70.2, 70.1, 70.0, 57.6, 54.2, 50.8, 50.4, 48.2, 

10.7; 31P NMR (202 MHz, MeOD): δ -4.91; HR-ESI-MS: m/z calcd for C26H38N3O11PNa: 

622.2142 [M + Na]+; found: 622.2147. 

(E)-5-Methyl-3-(4-nitrophenyl)-1-(4-(dimethylamino)benzylideneamino)-2-methyl-1,2-

dihydropyridine-3,5-dicarboxylate (5j) 

Rf 0.57 (EtOAc/hexane 2:8, developed thrice); Yield 30%. 1H NMR (500 MHz, CDCl3): δ 

8.30 (d, J = 9 Hz, 2H), 8.14 (s, 1H), 8.06 (s, 1H), 7.97 (s, 1H), 7.62 (d, J = 9 Hz, 2H), 

7.36 (d, J = 9 Hz, 2H), 6.73 (d, J = 9 Hz, 2H), 5.62 (q, J = 6.5 Hz, 1H), 3.83 (s, 3H), 3.06 
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(s, 6H), 1.35 (d, J = 6 Hz, 3H); 13C NMR (125 MHz, CDCl3): δ 165.8, 162.9, 155.9, 

152.1, 147.2, 145.0, 144.2, 135.8, 129.2, 125.1, 122.4, 120.6, 112.1, 111.8, 98.7, 51.4, 

49.9, 40.1, 14.1; HR-ESI-MS: m/z calcd for C24H25N4O6: 465.1774 [M + H]+; found: 

465.1780.  
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Chapter-3 

Metal-Free Diaryl Etherification of Tertiary Amines by Ortho-C(sp2)-H 

Functionalization for Synthesis of Dibenzoxazepines and –ones 

3.1. Abstract 

This chapter describes a phenyliodine(III) diacetate (PIDA) [PhI(OAc)2] mediated 

umpolung reactivity of tertiary amines (1) with suitably substituted ortho-hydroxybenzyl 

and phenyl groups. The reaction is exploited to facilitate ortho-C(sp2)-H functionalization 

to afford diaryl ethers 2 (Figure 3.1A). The presence of an ortho-CHO and secondary 

amine functionalities in the resulting diaryl ether, generated in situ, were utilized for the 

synthesis of dibenzoxazepines (3) and dibenzoxazepinones (4). Mild conditions and 

relatively broad substrate scope, and potential for further diversification of the diaryl 

ethers are highlights of this methodology.  

Figure 3.1A. Synthesis of diaryl ether from tertiary amine. 

3.2. Introduction 

As discussed in the introductory chapter, dibenzoxazepines and dibenzoxazepinones are 

pharmaceutically relevant molecules present in antidepressants and antipsychotics. These 

privileged structural motifs possess a broad range of biological activities such as anti-

HIV, antitumor, antioxidant, oral contraceptive, TRPA1 agonist, sodium channel blocker, 

CNS depressant, anti-inflammatory, and antinociceptive properties.1 As natural products, 

dibenzoxazepinones were isolated from the leaves of Carex distachya and from the 

ethanolic extracts of streptomycetes.1c,d Figure 3.2A highlights some of the 

representatives of pharmacologically active molecules possessing dibenzoxazepine 

skeleton. 
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Figure 3.2A. Pharmacologically active dibenzoxazepines. 

Owing to its wide occurrence in biological compounds, numerous approaches have been 

developed for the synthesis of dibenzoxazepine core skeleton. Traditionally, base-

promoted nucleophilic aromatic substitution (SNAr) reaction was employed to construct 

the seven-membered ring of dibenzoxazepinones via Smiles rearrangement of suitable 

electrophilic substrates by a domino C–O and C–N bond coupling reactions.2 For 

instance, Liu et al. reported a convenient and facile methodology for the regioselective 

synthesis of fused oxazepinone scaffolds 7 in 2011. This process involved an efficient 

construction of the oxazepinone scaffold 7 by a one-pot coupling/Smiles 

rearrangement/cyclization approach from commercially available N-substituted 

salicylamides 5 and substituted benzenes/pyridines 6 (Scheme 3.2.1).2d A base-promoted 

green protocol has been developed for the synthesis of dibenz[b,f][1,4]oxazepin-11-

amines 10 by SNAr with concomitant addition reaction by Feng et al..3 The reaction 

consists of the formation of dibenz[b,f][1,4]oxazepin-11-amines 10 via K3PO4 mediated 

coupling of 2-fluorobenzonitriles 8 and 2-aminophenols 9 (Scheme 3.2.1). Post-Ugi 

reaction, an intramolecular microwave-assisted diaryl etherification was used as an 

attractive strategy to synthesize highly substituted dibenz[b,f][1,4]oxazepine scaffold.4  

Key precursors generated from diaryl etherification methodology served as suitable 

substrates for various intramolecular seven-membered ring formation strategies such as 
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reductive lactamization, Pd-catalyzed condensation, cyclocarbonylation, Smiles 

rearrangement, copper-catalyzed Goldberg reaction to afford dibenzoxazepinones.5 For 

example, Bunce et al. used a tandem reduction-lactamization sequence as the strategy for 

the synthesis of dibenz[b,f][1,4]oxazepin-11(10H)-one 12 from methyl 2-(2-

nitrophenoxy)benzoate 11.5a The reaction involves the reduction followed by 

lactamization of 11 using 6 equivalents of iron powder in acetic acid at 115 °C for 30-60 

minutes (Scheme 3.2.1). Alternatively, intramolecular diaryl etherification as the later 

annulation event under metal-catalyzed and base-promoted conditions from substrates 

with suitably tethered phenol and halo-substituted phenyl units was also developed.6 For 

instance, Shen et al. reported a one-pot palladium-catalyzed aminocarbonylation/SNAr 

sequence for the synthesis of dibenzo[b,e][1,4]oxazepin-11(5H)-ones 15 from 2-

bromofluorobenzenes 13 and 2-aminophenols 9 (Scheme 3.2.1).6c Dibenzoxazepines have 

also been used as valuable synthetic intermediates in the development of more complex 

heterocyclic structures.7  

 

Scheme 3.2.1. Strategies for dibenzoxazepinone 

On the other hand, hypervalent iodine (III) reagents have been considered as mild 

alternative oxidants against the toxic metals for the construction of several C–C and C–

heteroatom bonds.8 HIR-mediated oxidative dearomatizing transformations of ortho-
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substituted phenols were utilized in the synthesis of complex natural products.9 Similar to 

phenolic substrates, tertiary amines were also efficient substrates in HIR-mediated 

transformations involving functionalization of C(sp3)-H bond adjacent to nitrogen.10 

Recently, Guo et al. reported dibenzoxazepinone 16 synthesis by hypervalent iodine (III) 

reagent (HIR) mediated intramolecular C-N bond formation from 2-(aryloxy)benzamides 

15 synthesized by Cu-mediated diaryl etherification (Scheme 3.2.2), but failed with 

substrates containing strong electron-withdrawing and donating groups.11 Another 

example involving usage of HIR reagent involved intramolecular cyclization of two aryl 

groups from 2-hydroxy-N-phenylbenzamides 17 affording dibenz[d,f] [1,3]oxazepin-

6(7H)-ones 18 (Scheme 3.2.2).12  

 

Scheme 3.2.2. HIR mediated intramolecular cyclisation and diaryl etherification 

Diaryl ethers have often been seen in subunits of many synthetically challenging and 

medicinally important natural products, and considerable effort has been expended on its 

synthesis.13 Classically, the most reliable methods for the synthesis of diaryl ethers are 

base promoted nucleophilic aromatic substitution and copper-catalyzed Ullmann type 

coupling reaction.14 However, over the past few decades, palladium catalysed Buchwald-

Hartwig coupling, copper catalysed Chan−Lam coupling and nickel or palladium 

catalysed decarbonylative coupling reactions were well established.15 Although in recent 

years, good progress has been made in the metal catalyzed and metal free diaryl 

etherification, further improvements are still desirable. On the other hand, ortho C-H 
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functionalization has attracted a lot of attention due to its ability to enable the direct 

introduction of functionality to organic molecules, in an efficient and economical 

manner.16 Transition metals have been shown to play an increasingly important role in 

this field.17 HIRs also play a crucial role in the ortho C-H functionalization.8 The metal-

free alternative for diaryl etherification with HIR involving diaryliodonium salts is an 

attractive strategy,18 applied towards synthesis of ortho-CHO diaryl ethers.19 Liu et al. 

reported a three-component coupling of arynes, N,N-dimethylformamide (DMF), and 

diaryliodonium salts. In this reaction they used 2-(trimethylsilyl)aryl triflate 19 as readily 

accessible aryne precursor, that react with diphenyliodonium triflate Ph2I
+OTf− 20 and 

potassium fluoride in DMF at 60 °C for 3 h to facilitate the formation 2-

phenoxybenzaldehyde 21 (Scheme 3.2.2). 

In the present study, PIDA induced umpolung reactivity of tertiary amines 1 affords 

diaryl ether 2 with an ortho-CHO and secondary amine substituents that upon subsequent 

treatment with NaBH(OAc)3 and PCC provided dibenzoxazepines 3 and 

dibenzoxazepinones 4, respectively. The present method serves as a metal-free alternative 

to the existing methods vide supra with a broad substrate scope. Further synthetic 

applications of this methodology from diaryl ether were demonstrated with an array of 

transformations to access other bioactive skeletons. 

3.3. Results and discussions 

A novel intramolecular diaryl etherification strategy for the key seven-membered ring 

formation to afford dibenzoxazepines was envisaged using tertiary amines with suitably 

substituted ortho-hydroxybenzyl, phenyl units under metal-free conditions by using HIRs. 

In an initial attempt (Table 3.3.1), tertiary amine 1a treated with one equivalent of PIDA 

at room temperature using conventional HFIP as the solvent did not lead to complete 

consumption of the starting material. However, tertiary amine 1a underwent a complete 

transformation within 10 min with two equivalents of PIDA forming a new C-O bond 

with concomitant C-N bond cleavage affording compound 2a in 34% yield (entry 1). The 

structure of compound 2a was unambiguously confirmed by single crystal X-ray analysis 

(Figure 3.3A). 
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Table 3.3.1. Optimization of reaction conditionsa 

 

Entry Additive Reductant/ 

Oxidant  

 

 

2a 

Yieldh 

3b 

(2 steps) 

 

4c 

(2 steps) 

1 - - 34 - - 

2 K2CO3 - 46 - - 

3b - NaBH4 - 67 - 

4b K2CO3 NaBH4 - 50 - 

5b BF3.Et2O NaBH4 - 70 - 

6b - NaBH(OAc)3 - 71 - 

7b - NaCNBH3 - 65 - 

8c - NaBH(OAc)3 - 77 - 

9c BF3.Et2O NaBH(OAc)3 - 69 - 

10d - PCC  - - 70 

11e - PCC - - 73 

12d - DMP - - n.d. 

13d NaHCO3 DMP - - n.d. 

14d - NBS - - n.d. 

15d - NIS - - n.d. 

16d - m-CPBA - - n.d. 

17d - DDQ - - n.d. 

18f - NaClO - - 57 

19g - NaClO - - n.d. 
aReaction conditions: All reactions were conducted at room temperature without using distilled 

solvents. Compound 1a/1b/1c (0.18 mmol) in HFIP (1 mL) was the scale of the reactions for the 

first step. bTo the crude mixture of compound 2, after quenching, reductant (3 equiv) in MeOH (1 

mL) was added. cNaBH(OAc)3 (3 equiv) was added to the same pot. dTo the isolated compound 

2c by column chromatography, oxidant (1 equiv) in DCM (1 mL) was added. ePCC (2 equiv) was 

used. fSolvent used in second step was AcOH. gSolvent used in second step was CH3CN. hIsolated 

yields. n.d. = not detected. 

Further variation of the solvents, other HIRs, oxidants and mode of additions examined 

were not effective for the formation of 2a which led to the choice of PIDA and HFIP as 

the optimal combination. The reaction conducted in the presence of K2CO3, to scavenge 

the generated acetic acid by-product from PIDA, did not significantly improve the yield 

of compound 2a (entry 2). Compound 2 with appropriately substituted aldehyde and 

secondary amine is prone to undergo reductive amination to afford the desired 

dibenzoxazepine. Accordingly, a simple tertiary amine 1b substrate was initially 
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subjected to PIDA mediated oxidation to afford compound 2b which without purification 

was treated with excess NaBH4 in methanol for reductive amination. This reaction in an 

overall two steps produced the desired dibenzoxazepine 3b in 67% yield (entry 3). 

Conducting the reductive amination step on the crude aldehyde in presence of additives 

(entries 4-5) and other reductants (entries 6-7) could not improve the yield of 

dibenzoxazepine formation considerably. Interestingly, the addition of three equivalents 

of NaBH(OAc)3 in the same pot after complete consumption of tertiary amine afforded 

dibenzoxazepine 3b with an enhanced yield of 77% (entry 8), and the presence of an 

additive could not further improve the yield (entry 9). Changing the reductant to an 

oxidant in the second step should produce dibenzoxazepinone 4. An initial attempt with 

tertiary amine 1a with an addition of one equivalent of PCC in dichloromethane in the 

same pot led to a sluggish outcome. However, treatment of one equivalent of PCC on the 

isolated intermediate 2c in an overnight reaction afforded dibenzoxazepinone 4c in 70% 

yield (entry 10) and an increase of PCC to two equivalents led to reaction completion 

within one hour with 73% yield (entry 11). Even though other oxidants (entries 12-17) 

failed to afford the desired product, sodium hypochlorite in acetic acid produced 

dibenzoxazepinone 4c in 57% yield (entry 18) but failed while using acetonitrile as 

solvent (entry 19). 

 

Figure 3.3A. ORTEP diagram of diaryl ether 2a 
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Table 3.3.2. Substrate scope for dibenzoxazepine 
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The optimization studies revealed the broad scope of this methodology involving varied 

substitutions in benzyl (A ring), phenyl (B ring) and N-alkyl groups of the tertiary amines 

as shown in table 3.3.2. Under the optimized conditions (entry 8, Table 3.3.1), tertiary 

amines bearing activating as well as deactivating groups in either of the mono- or di-

substituted A ring and para-substituted B ring conveniently converted to 

dibenzoxazepines 3b−3ab in 24–92% yields. In general, tertiary amines with deactivating 

groups (halo, nitro) in A ring and ones with activating groups (alkyl, methoxy) in B ring 

afforded dibenzoxazepines in good yields. For instance, substrate 1c with nitro 

substitution in A ring and 1i with tert-butyl substitution in B ring afforded 

dibenzoxazepines 3c and 3i in 83 and 92% yields, respectively. Accordingly, substrate 1v 

with both nitro and tert-butyl substitutions in A and B rings, respectively, afforded 

dibenzoxazepine 3v in 87% yield. Meta-substituted B rings afforded a mixture of 

separable regioisomers 3ac, 3acʹ−3ae, 3aeʹ since the nucelophilic attack by OH group is 

feasible in either of the ortho-positions of the B ring. Dimethoxy substituted B ring 

offered a single regioisomer 3af−3ah, arising due to electronic reasons. Substrates with 

N-benzyl substitution afforded dibenzoxazepines 3ai and 3aj which serves as a third 

variable group in the tertiary amine for diversification. However, when the substrate bears 

an ortho-substitution in the B ring, the cyclization did not occur. Presence of a 3,4-

(methylenedioxy) group in the B ring produced the desired dibenzoxazepine 3ak in 40% 

yield similar to substrates, vide supra, with dimethoxy substituted B ring. Compound 3ak 

with a tetracyclic framework could be a novel entry in the class of tetracyclic 

antidepressants. A successful dibenzoxazepinone 4c formation by successive PIDA and 

PCC oxidations from the optimization studies prompted us to further demonstrate the 

substrate scope of this reaction (Table 3.3.3). Accordingly, tertiary amines with different 

substitutions in the A and B rings afforded dibenzoxazepinones 4 in 28–73% yields. 
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Table 3.3.3. Substrate scope for dibenzoxazepinone 

 

In order to understand the mechanism of the transformation, we have carried out certain 

control experiments (Scheme 3.3.1). The role of nucleophilic free hydroxyl group has 

governed by the reaction of methyl protected tertiary amine 1c under the optimized 

reaction condition. In the absence of nucleophilic hydroxyl group, the competing benzylic 

proton abstraction takes place which upon hydrolysis produces benzaldehyde (22) 

(Scheme 3.3.1, eq. 1). While, the usage of one equivalent of PIDA produced a mixture of 

dibenzoxazepine 3 and diaryl ether 2 along with unreacted tertiary amine 1 as observed 

over TLC (Scheme 3.3.1, eq. 2). This indicates that the dibenzoxazepine is forming 

during the reaction, but it gets converted to diaryl ether in presence of PIDA. Moreover 1 

equivalent of PIDA is not sufficient for a clean transformation. This was again confirmed 

by the reaction of compound 3g with 1 equiv of PIDA which led to the formation of 

diaryl ether 2g in 87% yield (Scheme 3.3.1, eq. 3) When tertiary amine with two benzylic 

alcohol (1al) is considered, the more nucleophilic phenoxide ion participated in 

dibenzoxazepine 3al formation with 52% yield, confirmed by HMBC analysis of its 

methylated analog (Scheme 3.3.1, eq. 4). An attempt involving further cyclization using 

dibenzoxazepine 3al under the optimized conditions led to seven-membered ring opening 

to afford the corresponding aldehyde 2al which upon subsequent reduction reformed 

dibenzoxazepine 3al. 

 

 



 

123 
 

Scheme 3.3.1. Control experiments 

A plausible mechanism has been proposed similar to activation of tertiary amines in 

presence of PIDA.10 Oxidative dearomatization of phenols in presence of PIDA are well 

documented,20 however, tertiary amine will be more reactive for the initial ligand 

exchange with PIDA. Accordingly, reaction of tertiary amine 1 with PIDA affords 

intermediate I (Scheme 3.3.2). The key nucleophilic attack of the phenoxide on the 
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electron-deficient ortho-carbon of the aniline ring of I is proposed analogous to a reported 

PIDA activation.12 This key seven-membered ring formation accompanied by elimination 

of phenyl iodide affords intermediate II that rearomatizes to provide dibenzoxazepine 3. 

It is worth mentioning that stabilization of intermediate I by the presence of deactivating 

groups in A ring and activating groups in B ring promotes formation of dibenzoxazepines 

in good yields, observed in substrate scope. A reactive compound 3 in presence of a 

second equivalent of PIDA affords intermediate iminium ion IV, formed by abstraction of 

benzylic proton from the activated tertiary amine III. The reaction mixture was quenched 

upon complete consumption of compound 3 which ensure ring opening of iminium 

intermediate IV to afford diaryl ether 2. 

 

 

Scheme 3.3.2. Plausible mechanistic pathway 

In order to further demonstrate the broad applicability of this methodology, an array of 

synthetic transformations were carried out on diaryl ether 2c (Scheme 3.3.3). Treatment 

of compound 2c with tert-butylisocyanide afforded a pharmaceutically relevant 

dibenzoxazepine-11-carboxamide 23. A facile DDQ mediated oxidation of benzylic 

carbon afforded diaryl ether 24 flanked by three reactive functionalities. Presence of 

para-nitro substitution in ether facilitates an intramolecular ipso-substiution with 

secondary amine by Smiles rearrangement, interestingly, undertaken in presence of 

bleach to afford tertiary amine 25 in 85% yield. During this rearrangement, events that 

take place such as hopping of the hydroxyl group of tertiary amine 1c from A ring to B 

ring and benzylic amine transformation to diphenyl amine are otherwise conceived by 

multi-step synthesis. Furthermore, tertiary amine 25 in presence of Dess-Martin 
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periodinane and p-TsOH afforded para-benzoquinone 26 and dihydroacridine 27 in 40 

and 55% yields, respectively. 

 

 

Reaction conditions: (a) 2c (1 equiv), t-BuNC (1 equiv), InCl3 (cat.), MeOH, 60 C; (b) 

2c (1 equiv), NaClO (2 equiv), 1 M NaOH (cat), Bu4NI (1.5 equiv), DCM, rt; (c) 2c (1 

equiv), AcOH (cat.), DDQ (3 equiv), DCM, rt; (d) 7 (1 equiv), DMP (1.5 equiv), DCM, 

rt; (e) 7 (1 equiv), p-TsOH (cat.), EtOH, 60 C. 

Scheme 3.3.3. Demonstration of applicability of methodology 

Structural confirmation of all the products was carried out by extensive 2D NMR 

analysis. A further extension of this methodology to afford dibenzodiazepine 29, 

categorized as privileged structure by Evans et al.,21 was obtained from tertiary amine 28 

with an appropriate NHTs substitution 
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3.4. Conclusion 

In conclusion, tertiary amines with suitably substituted ortho-hydroxybenzyl, phenyl 

groups with varied substituents underwent diaryl ether formation endowed with ortho-

CHO and secondary amine functionalities in presence of PIDA by ortho-C(sp2)-H 

functionalization under mild conditions. An intramolecular seven-membered ring 

formation facilitated by NaBH(OAc)3 and PCC provided dibenzoxazepines and 

dibenzoxazepinones, respectively. A broad substrate scope for dibenzoxazepine has been 

demonstrated, in particular, substrates with deactivating groups in A ring and activating 

groups in B ring offered good yields in a one-pot reaction. Furthermore, an array of 

synthetic transformations carried out to further demonstrate the broad applicability of this 

methodology afforded diverse molecular motifs 

3.5. Experimental section  

3.5.1. General information  

Reagents and solvents were purchased as reagent grade and were used without further 

purification. Reactions were monitored by silica gel G-60 F254 aluminum TLC and 

compounds were visualized by short/long wavelength lamps and iodine staining. Column 

chromatography was performed using silica gel 100-200 mesh. 1H and 13C NMR were 

recorded on a Bruker Avance II spectrometer at 500 and 125 MHz, respectively using 

CDCl3 as solvent. Data are reported as follows: chemical shift in ppm (δ), multiplicity (s 

= singlet, d = doublet, t = triplet, q = quartet, sept = septet, bs = broad singlet, m = 

multiplet), coupling constant (Hz) and integration. HRMS analysis was recorded on a 

Thermo Scientific Exactive-LCMS instrument by electrospray ionization method with 

ions given in m/z using Orbitrap analyzer. 
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3.5.2. General procedure for the synthesis of tertiary amine 1b 

 

Scheme 3.5.1. Synthesis of tertiary amines via double reductive amination 

To a stirred solution of p-toluidine (3 g, 27.99 mmol, 1 equiv) and salicylaldehyde (3.4 g, 

27.99 mmol, 1 equiv) in ACN (30 mL) was added 0.5 equiv of acetic acid (0.88 mL, 

13.99 mmol, 0.5 equiv) and allowed to stir at room temperature for 30 min. To the cooled 

reaction mixture, NaBH4 (2.1 g, 55.98 mmol, 2 equiv) was added, and stirring was 

continued at room temperature. After two hours, saturated NH4Cl (25 mL) was added and 

extracted with DCM (2 x 30 mL), dried over anhydrous Na2SO4, concentrated and 

purified over column chromatography to afford the secondary amine. To a solution of this 

isolated secondary amine, formaldehyde (6.8 mL, 83.97 mmol, 3 equiv) and 0.5 equiv 

acetic acid (0.88 mL, 13.99 mmol, 0.5 equiv) in ACN (30 mL) was added and stirred for 

30 min. NaCNBH3 (5.3 g, 83.97 mmol, 3 equiv) was added to the reaction mixture and 

stirring was continued until the TLC indicated total consumption of the starting material. 

Subsequent quenching, extraction and purification were performed as explained for the 

first step to derive the desired tertiary amine. A similar procedure was followed for the 

synthesis of other tertiary amines. 

3.5.3. General procedure for the synthesis of dibenzoxazepine 3b 

To a solution of tertiary amine 1b (300 mg, 1.32 mmol, 1 equiv) in HFIP solvent (6 mL) 

was added PIDA (851 mg, 2.64 mmol, 2 equiv) at room temperature and within 5 minutes 

the starting material consumption took place with the formation of the diary ether-ortho-

formaldehyde 2b, as observed over TLC. NaBH(OAc)3 (839 mg, 3.96 mmol, 3 equiv) 

was added to the reaction mixture and stirring was continued at room temperature. After 

complete consumption of diaryl ether 2b in less than 5 minutes, as indicated by TLC, the 

reaction mixture was quenched with saturated NaHCO3 (10 mL), extracted with DCM (20 

mL) and dried over anhydrous Na2SO4. The organic layer was concentrated under 

reduced pressure, and the residue was purified by column chromatography 
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(EtOAc/hexane 1:9) to afford dibenzoxazepine 3b in 77% yield. A similar procedure was 

followed for the synthesis of other dibenzoxazepines 3c-3al. 

3.5.4. General procedure for the synthesis of dibenzoxazepinone 4c 

To a solution of tertiary amine 1c (300 mg, 1.10 mmol, 1 equiv) in HFIP solvent (6 mL) 

was added PIDA (708 mg, 2.20 mmol, 2 equiv) at room temperature and within five 

minutes the starting material consumption took place with the formation of the diary 

ether-ortho-formaldehyde 2c, as observed over TLC. The reaction mixture was quenched 

with saturated NaHCO3 (10 mL) solution and extracted with DCM (20 mL). The organic 

layer was dried over anhydrous Na2SO4, concentrated and purified by column 

chromatography to afford the diaryl ether-ortho-formaldehyde 2c (228 mg, 76%). To a 

solution of diaryl ether 2c (228 mg, 0.8 mmol, 1 equiv) in DCM (5 mL) was added PCC 

(342 mg, 1.6 mmol, 2 equiv) at room temperature in open air and stirred for 1 hour. After 

completion of the starting material, as indicated by TLC, the reaction mixture was 

quenched with isopropanol (0.5 mL) and then with saturated aqueous NaHCO3 (10 mL) 

and extracted with DCM (20 mL). The combined DCM extracts were dried over 

anhydrous Na2SO4, concentrated and purified by column chromatography (EtOAc/hexane 

1.5:8.5) to afford dibenzoxazepinone 4c in 73% yield (over two steps). A similar 

procedure was followed for the synthesis of other dibenzoxazepinones 4d-4an. 

3.5.5. 10-(2-methoxy-5-nitrobenzyl)-7-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine 

(3al) 

To a solution of 3al (21 mg, 0.058 mmol, 1 equiv) in anhydrous DMF (1.5 mL) were 

added NaH (60% dispersion in oil, 2.7 mg, 0.069 mmol, 1.2 equiv) and MeI (7.2 µL, 0.12 

mmol, 2 equiv) and stirred at room temperature. After 3 hours, the reaction mixture was 

quenched with water (10 mL), extracted with EtOAc (3 x 10 mL), dried over anhydrous 

Na2SO4, concentrated and purified by column chromatography (EtOAc/hexane 1.5:8.5) to 

afford compound 3al in 57% yield. 

3.5.6. N-(tert-butyl)-7,10-dimethyl-2-nitro-10,11-dihydrodibenzo[b,f][1,4]oxazepine-11-

carboxamide (23) 

To a solution of diaryl ether-ortho-formaldehyde 2c (25 mg, 0.09 mmol, 1 equiv) in 

methanol (1 mL) were added tert-butyl isocyanide (7.2 mg, 0.09 mmol, 1 equiv) and a 

catalytic amount of InCl3 in a sequential order at room temperature. The reaction mixture 
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was stirred at 60 C for overnight. After completion of the starting material as indicated 

on TLC, the solvent was evaporated off and residue was purified by column 

chromatography (EtOAc/hexane 2:8) to afford dibezoxazepine carboxamide (23) in 56% 

yield. 

3.5.7. 2-(5-formyl-2-(methylamino)phenoxy)-5-nitrobenzaldehyde (24) 

To a stirred solution of diaryl ether-ortho-formaldehyde 2c (25 mg, 0.09 mmol, 1 equiv) 

in DCM (1 mL) at room temperature was added 3 drops of acetic acid. After 15 minutes 

of stirring, DDQ (59 mg, 0.27 mmol, 3 equiv) was added and stirring was continued for 

further 30 min. The reaction mixture was quenched with saturated NaHCO3 and extracted 

with DCM (2 x 10 mL). The combined DCM extracts were dried over anhydrous Na2SO4, 

concentration and purification by column chromatography (EtOAc/hexane 2.5:7.5) 

afforded compound 24 in 65% yield. 

3.5.8. 2-((2-hydroxy-4-methylphenyl)(methyl)amino)-5-nitrobenzaldehyde (25) 

To a solution of diaryl ether-ortho-formaldehyde 2c (25 mg, 0.09 mmol, 1 equiv) in DCM 

(1 mL) were added NaOCl (14 mg, 0.18 mmol, 2 equiv) and 0.1 mL of 1M NaOH at 

room temperature. Tetrabutylammonium iodide (48 mg, 0.14 mmol, 1.5 equiv) was added 

and stirring was continued until the completion of the starting material, as indicated on 

TLC. The reaction mixture was quenched with aqueous sodium bisulfite and extracted 

with DCM (2 x 10 mL). The combined organic layers were dried, concentrated and 

purified by column chromatography (EtOAc/hexane 2:8) to yield compound 25 in 85% 

yield. 

3.5.9. 2-(methyl(4-methyl-3,6-dioxocyclohexa-1,4-dien-1-yl)amino)-5-nitrobenzaldehy- 

de (26) 

To a solution of 2-((2-hydroxy-4-methylphenyl)(methyl)amino)-5-nitrobenzaldehyde 7 

(25 mg, 0.09 mmol, 1 equiv) in DCM (1 mL) was added Dess-Martin periodinane (58 

mg, 0.14 mmol, 1.5 equiv) at room temperature. After complete consumption of 

compound 25 as indicated on TLC, the reaction mixture was quenched with saturated 

aqueous Na2S2O3 and saturated NaHCO3 and extracted with DCM (2 x 10 mL). The 

organic layer was dried over anhydrous Na2SO4, concentrated and purified by column 

chromatography (EtOAc/hexane 5:5) to afford compound 26 in 40% yield  
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3.5.10. 2,10-dimethyl-7-nitro-9,10-dihydroacridin-4-ol (27) 

Catalytic amount of p-TsOH was added to a stirred solution of 2-((2-hydroxy-4-

methylphenyl)(methyl)amino)-5-nitrobenzaldehyde 25 (25 mg, 0.09 mmol, 1 equiv) in 

ethanol (1 mL). The reaction mixture was stirred at 60 C for overnight and then 

quenched with saturated aqueous NaHCO3 (10 mL) and extracted with DCM (2 x 10 

mL). The organic layer was dried over anhydrous Na2SO4, concentrated, and the crude 

mixture was subjected to column chromatography (EtOAc/hexane 1.5:8.5) to afford 

compound 27 in 55% yield. 

3.5.11. 7-ethyl-10-methyl-5-tosyl-10,11-dihydro-5H-dibenzo[b,e][1,4]diazepine (29) 

To a solution of tertiary amine 28 (51 mg, 0.13 mmol, 1 equiv) in HFIP solvent (1mL) 

was added PIDA (124.6 mg, 0.38 mmol, 3 equiv) at room temperature and within five 

minutes the starting material was consumed. NaBH(OAc)3 (82 mg, 0.38 mmol, 3 equiv) 

was added to the reaction mixture and stirred at room temperature. After complete 

consumption of the intermediate in less than 5 minutes, the reaction mixture was 

quenched with saturated NaHCO3 (2 mL) and extracted with DCM (6 mL). The organic 

layer was dried over anhydrous Na2SO4, concentrated, and the residue was purified by 

column chromatography (EtOAc/hexane 1:9) to afford dibenzodiazepine 29 in 30% yield. 

3.5.12. Spectral details of products  

2-(5-methyl-2-((4-methylbenzyl)amino)phenoxy)benzaldehyde (2a) 

Pale yellow solid, yield: 14 mg, 46%; 1H NMR (CDCl3, 500 MHz):  10.58 (s, 1H), 7.93 

(dd, J = 7.5, 1.5 Hz, 1H), 7.50 (td, J = 8.5, 1.5 Hz, 1H), 7.22 (d, J = 8 Hz, 2H), 7.17 (t, J = 

7.5 Hz, 1H), 7.14 (d, J = 8 Hz, 2H), 6.88 (dd, J = 8.5, 1.5 Hz, 1H), 6.86 (d, J = 8.5 Hz, 

1H), 6.71 (d, J = 1.5 Hz, 1H), 6.69 (d, J = 8.5 Hz, 1H), 4.42 (bs, 1H), 4.34 (s, 2H), 2.34 

(s, 3H), 2.22 (s, 3H); 13C NMR (CDCl3, 125 MHz):  189.3, 160.2, 142.3, 138.0, 136.8, 

136.1, 135.8, 129.3, 128.4, 127.2, 126.8, 126.1, 122.8, 120.3, 117.2, 112.3, 47.8, 21.0, 

20.4; HR-ESI-MS: m/z calcd for C22H22NO2: 332.1651 [M + H]+; found: 332.1658 minor 

peak, and m/z calcd for C22H20NO: 314.1539 [M - OH]+; found: 314.1553 base peak. 
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Figure 3.5A. 1H and 13C-NMR of diaryl ether 2a 
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Figure 3.5B. 1H and 13C-NMR of 3b 
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2-(5-methyl-2-(methylamino)phenoxy)-5-nitrobenzaldehyde (2c) 

Yellow solid, yield: 23 mg, 76%; 1H NMR (CDCl3, 500 MHz):  10.64 (s, 1H), 8.76 (d, J 

= 3 Hz, 1H), 8.29 (dd, J = 9.5, 3 Hz, 1H), 7.06 (d, J = 8.5 Hz, 1H), 6.89 (d, J = 9.5 Hz, 

1H), 6.81 (d, J = 1 Hz, 1H), 6.75 (d, J = 8 Hz, 1H), 3.90 (bs, 1H), 2.86 (s, 3H), 2.29 (s, 

3H); 13C NMR (CDCl3, 125 MHz):  187.2, 164.4, 142.6, 140.1, 139.2, 130.4, 128.0, 

127.1, 125.0, 124.7, 121.3, 116.4, 112.0, 30.4, 20.3; HR-ESI-MS: m/z calcd for 

C15H14N2NaO4: 309.0851 [M + Na]+; found: 309.0855 minor peak, and m/z calcd for 

C15H13N2O3: 269.0921 [M - OH]+; found: 269.0929 base peak. 

7,10-dimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3b) 

Pale yellow liquid, yield: 23 mg, 77%; 1H NMR (CDCl3, 500 MHz):  7.12 (t, J = 7.5 Hz, 

1H), 7.07 (d, J = 8 Hz, 1H), 7.01 (d, J = 7.5 Hz, 1H), 6.93 (t, J = 7 Hz, 1H), 6.87 (s, 1H), 

6.72 (s, 2H), 4.20 (s, 2H), 2.79 (s, 3H), 2.16 (s, 3H); 13C NMR (CDCl3, 125 MHz):  

157.1, 149.1, 139.9, 131.5, 129.1, 128.7, 128.5, 125.0, 123.4, 122.1, 120.5, 120.3, 56.8, 

43.2, 20.3; HR-ESI-MS: m/z calcd for C15H14NO: 224.1075 [M - H]+; found: 224.1073. 

7,10-dimethyl-2-nitro-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3c) 

Yellow solid, yield: 42 mg, 83%; 1H NMR (CDCl3, 500 MHz):  8.11 (dd, J = 9, 3 Hz, 

1H), 8.02 (d, J = 3 Hz, 1H), 7.25 (d, J = 9 Hz, 1H), 6.99 (s, 1H), 6.90 (m, 2H), 4.29 (s, 

2H), 2.93 (s, 3H), 2.29 (s, 3H); 13C NMR (CDCl3, 125 MHz):  161.3, 148.3, 142.7, 

139.7, 132.5, 129.0, 125.7, 124.7, 124.2, 121.9, 121.2, 120.0, 57.5, 42.6, 20.3; HR-ESI-

MS: m/z calcd for C15H15N2O3: 271.1083 [M + H]+; found: 271.1076. 

2-bromo-7,10-dimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3d) 

Pale yellow liquid, yield: 31 mg, 70%; 1H NMR (CDCl3, 500 MHz):  7.35 (dd, J = 8.5, 

2.5 Hz, 1H), 7.26 (d, J = 2.5 Hz, 1H), 7.07 (d, J = 8.5 Hz, 1H), 6.96 (s, 1H), 6.85 (s, 2H), 

4.26 (s, 2H), 2.91 (s, 3H), 2.28 (s, 3H); 13C NMR (CDCl3, 125 MHz):  156.1, 148.8, 

139.6, 131.8, 131.4, 131.3, 131.2, 125.2, 122.2, 122.0, 120.6, 115.8, 56.3, 43.1, 20.3; HR-

ESI-MS: m/z calcd for C15H15BrNO: 304.0337 [M + H]+; found: 304.0326. 
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2-methoxy-7,10-dimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3e) 

Pale brown liquid, yield: 20 mg, 24%; 1H NMR (CDCl3, 500 MHz):  7.01 (d, J = 8.5 Hz, 

1H), 6.85 (s, 1H), 6.72 (m, 2H), 6.66 (dd, J = 9, 3 Hz, 1H), 6.58 (d, J = 3 Hz, 1H), 4.20 (s, 

2H), 3.69 (s, 3H), 2.80 (s, 3H), 2.17 (s, 3H); 13C NMR (CDCl3, 125 MHz):  155.4, 

151.1, 149.4, 139.7, 131.3, 130.2, 124.9, 122.0, 121.0, 120.8, 113.9, 113.1, 56.5, 55.6, 

43.3, 20.3; HR-ESI-MS: m/z calcd for C16H18NO2: 256.1338 [M + H]+; found: 256.1339. 

10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3f) 

Pale yellow liquid, yield: 29 mg, 59%; 1H NMR (CDCl3, 500 MHz):  7.26 (d, J = 7.5 

Hz, 1H), 7.20 (d, J = 8 Hz, 1H), 7.16 (m, 2H), 7.07 (t, J = 7.5 Hz, 1H), 7.02 (t, J = 7.5 Hz, 

1H), 6.90 (d, J = 8 Hz, 1H), 6.84 (t, J = 7.5 Hz, 1H), 4.39 (s, 2H), 2.97 (s, 3H); 13C NMR 

(CDCl3, 125 MHz):  157.2, 148.9, 142.3, 129.3, 128.7, 128.5, 124.5, 123.6, 121.6, 

121.1, 120.3, 119.9, 56.5, 42.9; HR-ESI-MS: m/z calcd for C14H14NO: 212.1075 [M + 

H]+; found: 212.1078. 

7-methoxy-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3g) 

Pale yellow solid, yield: 38 mg, 76%; 1H NMR (CDCl3, 500 MHz):  7.25 (t, J = 8 Hz, 

1H), 7.20 (d, J = 8 Hz, 1H), 7.12 (d, J = 7.5 Hz, 1H), 7.06 (t, J = 7.5 Hz, 1H), 6.94 (d, J = 

9 Hz, 1H), 6.76 (s, 1H), 6.64 (dd, J = 8.5, 1 Hz, 1H), 4.28 (s, 2H), 3.79 (s, 3H), 2.87 (s, 

3H); 13C NMR (CDCl3, 125 MHz):  156.5, 155.1, 150.7, 136.0, 129.0, 128.6, 128.4, 

123.4, 122.3, 120.4, 110.2, 106.9, 57.0, 55.6, 43.5; HR-ESI-MS: m/z calcd for 

C15H16NO2: 242.1181 [M + H]+; found: 242.1178. 

7-ethyl-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3h) 

Pale brown liquid, yield: 38 mg, 80%; 1H NMR (CDCl3, 500 MHz):  7.22 (td, J = 7, 1.5 

Hz, 1H), 7.18 (dd, J = 8, 1 Hz, 1H), 7.12 (dd, J = 7.5, 1.5 Hz, 1H), 7.03 (td, J = 7, 1 Hz, 

1H), 6.99 (s, 1H), 6.85 (m, 2H), 4.31 (s, 2H), 2.90 (s, 3H), 2.56 (q, J = 7.5 Hz, 2H), 1.21 

(t, J = 7.5 Hz, 3H); 13C NMR (CDCl3, 125 MHz):  157.1, 149.2, 140.1, 137.9, 129.1, 

128.7, 128.5, 123.7, 123.4, 120.9, 120.5, 120.3, 56.7, 43.1, 27.8, 15.5; HR-ESI-MS: m/z 

calcd for C16H18NO: 240.1388 [M + H]+; found: 240.1398. 
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7-(tert-butyl)-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3i) 

Pale brown liquid, yield: 46 mg, 92%; 1H NMR (CDCl3, 500 MHz):  7.26 (m, 2H), 7.21 

(s, 1H), 7.16 (d, J = 7 Hz, 1H), 7.08 (m, 2H), 6.91 (d, J = 8.5 Hz, 1H), 4.36 (s, 2H), 2.95 

(s, 3H), 1.34 (s, 9H); 13C NMR (CDCl3, 125 MHz):  157.2, 148.6, 144.9, 139.7, 129.2, 

128.7, 128.5, 123.4, 121.2, 120.4, 120.0, 118.6, 56.7, 43.1, 34.0, 31.3; HR-ESI-MS: m/z 

calcd for C18H22NO: 268.1701 [M + H]+; found: 268.1749. 

7-chloro-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3j) 

Pale yellow liquid, yield: 26 mg, 51%; 1H NMR (CDCl3, 500 MHz):  7.17 (td, J = 8, 1.5 

Hz, 1H), 7.08 (d, J = 8 Hz, 1H), 7.06 (dd, J = 7.5, 1.5 Hz, 1H), 7.04 (d, J = 2.5 Hz, 1H), 

6.98 (td, J = 7.5, 1 Hz, 1H), 6.86 (dd, J = 8.5, 2.5 Hz, 1H), 6.68 (d, J = 8.5 Hz, 1H), 4.26 

(s, 2H), 2.83 (s, 3H); 13C NMR (CDCl3, 125 MHz):  156.9, 148.6, 141.0, 129.3, 128.9, 

128.5, 124.8, 124.3, 124.0, 121.8, 120.6, 120.2, 56.0, 42.9; HR-ESI-MS: m/z calcd for 

C14H11ClNO: 244.0529 [M - H]+; found: 244.0528. 

7-bromo-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3k) 

Pale yellow liquid, yield: 32 mg, 64%; 1H NMR (CDCl3, 500 MHz):  7.19 (d, J = 2 Hz, 

1H), 7.16 (dd, J = 8, 1.5 Hz, 1H), 7.07 (d, J = 7 Hz, 1H), 7.06 (dd, J = 7.5, 1.5 Hz, 1H), 

7.00 (d, J = 8.5 Hz, 1H), 6.98 (m, 1H), 6.62 (d, J = 8.5 Hz, 1H), 4.27 (s, 2H), 2.84 (s, 

3H); 13C NMR (CDCl3, 125 MHz):  157.0, 148.7, 141.4, 129.4, 128.9, 128.5, 127.2, 

124.6, 124.0, 120.8, 120.2, 111.6, 55.9, 42.8; HR-ESI-MS: m/z calcd for C14H11BrNO: 

288.0024 [M - H]+; found: 288.0021. 

2-bromo-7-ethyl-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3l) 

Pale yellow liquid, yield: 31 mg, 63%; 1H NMR (CDCl3, 500 MHz):  7.23 (dd, J = 8.5, 

2.5 Hz, 1H), 7.15 (d, J = 2.5 Hz, 1H), 6.97 (d, J = 8.5 Hz, 1H), 6.87 (s, 1H), 6.77 (s, 2H), 

4.16 (s, 2H), 2.80 (s, 3H), 2.47 (q, J = 8 Hz, 2H), 1.13 (t, J = 7.5 Hz, 3H); 13C NMR 

(CDCl3, 125 MHz):  156.1, 148.9, 139.7, 138.3, 131.4, 131.3, 131.2, 124.0, 122.2, 

120.7, 120.6, 115.8, 56.3, 43.1, 27.8, 15.4; HR-ESI-MS: m/z calcd for C16H17BrNO: 

318.0494 [M + H]+; found: 318.0466. 
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2-bromo-7-(tert-butyl)-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3m) 

Pale brown solid, yield: 36 mg, 73%; 1H NMR (CDCl3, 500 MHz):  7.24 (dd, J = 9, 2.5 

Hz, 1H), 7.16 (d, J = 2.5 Hz, 1H), 7.04 (d, J = 2.5 Hz, 1H), 6.99 (d, J = 8.5 Hz, 1H), 6.95 

(dd, J = 8.5, 2.5 Hz, 1H), 6.77 (d, J = 8.5 Hz, 1H), 4.17 (s, 2H), 2.81 (s, 3H), 1.21 (s, 9H); 

13C NMR (CDCl3, 125 MHz):  156.2, 148.3, 145.2, 139.3, 131.4, 131.3, 122.2, 121.4, 

120.1, 118.5, 115.8, 56.2, 43.0, 34.0, 31.3; HR-ESI-MS: m/z calcd for C18H21BrNO: 

346.0807 [M + H]+; found: 346.0804. 

2,7-dibromo-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3n) 

Pale yellow liquid, yield: 24 mg, 43%; 1H NMR (CDCl3, 500 MHz):  7.27 (dd, J = 8.5, 

2.5 Hz, 1H), 7.20 (d, 2.5 Hz, 1H), 7.16 (d, 2.5 Hz, 1H), 7.01 (dd, J = 8.5, 2.5 Hz, 1H), 

6.96 (d, J = 8.5 Hz, 1H), 6.63 (d, J = 8.5 Hz, 1H), 4.21 (s, 2H), 2.83 (s, 3H); 13C NMR 

(CDCl3, 125 MHz):  156.0, 148.3, 141.1, 131.8, 131.5, 131.2, 127.5, 124.5, 122.1, 

121.0, 116.4, 111.9, 55.5, 42.8; HR-ESI-MS: m/z calcd for C14H10Br2NO: 365.9129 [M - 

H]+; found: 365.9141. 

2-chloro-7-ethyl-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3o) 

Pale yellow liquid, yield: 43 mg, 81%; 1H NMR (CDCl3, 500 MHz):  7.09 (dd, J = 8.5, 

2.5 Hz, 1H), 7.02 (d, J = 8.5 Hz, 1H), 7.01 (d, J = 2.5 Hz, 1H), 6.88 (s, 1H), 6.77 (m, 2H), 

4.16 (s, 2H), 2.81 (s, 3H), 2.48 (q, J = 8 Hz, 2H), 1.13 (t, J = 7.5 Hz, 3H); 13C NMR 

(CDCl3, 125 MHz):  155.5, 148.9, 139.8, 138.2, 130.7, 128.4, 128.3, 128.2, 124.0, 

121.8, 120.7, 120.6, 56.4, 43.1, 27.8, 15.4; HR-ESI-MS: m/z calcd for C16H17ClNO: 

274.0999 [M + H]+; found: 274.0986. 

2-chloro-7-methoxy-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3p) 

Pale yellow liquid, yield: 28 mg, 66%; 1H NMR (CDCl3, 500 MHz):  7.19 (dd, J = 9, 2.5 

Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 7.10 (d, J = 2.5 Hz, 1H), 6.93 (d, J = 9 Hz, 1H), 6.72 

(d, J = 3 Hz, 1H), 6.64 (dd, J = 9, 3 Hz, 1H), 4.22 (s, 2H), 3.79 (s, 3H), 2.86 (s, 3H); 13C 

NMR (CDCl3, 125 MHz):  155.2, 155.0, 150.4, 135.7, 130.4, 128.6, 128.3, 128.2, 122.4, 

121.8, 110.4, 106.8, 56.7, 55.6, 43.4; HR-ESI-MS: m/z calcd for C15H15ClNO2: 276.0791 

[M + H]+; found: 276.0785. 
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2,7-dimethoxy-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3q) 

Pale brown liquid, yield: 27 mg, 31%; 1H NMR (CDCl3, 500 MHz):  7.12 (d, J = 9 Hz, 

1H), 6.91 (d, J = 8.5 Hz, 1H), 6.77 (dd, J = 9, 3 Hz, 1H), 6.72 (d, J = 3 Hz, 1H), 6.67 (d, J 

= 3 Hz, 1H), 6.61 (dd, J = 9, 3 Hz, 1H), 4.26 (s, 2H), 3.79 (s, 3H), 3.78 (s, 3H), 2.86 (s, 

3H); 13C NMR (CDCl3, 125 MHz):  155.4, 155.0, 150.9, 150.6, 135.8, 129.9, 122.6, 

121.0, 114.0, 113.1, 110.1, 106.8, 56.7, 55.6, 43.6; HR-ESI-MS: m/z calcd for 

C16H18NO3: 272.1287 [M + H]+; found: 272.1288. 

7-ethyl-2-methoxy-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3r) 

Pale brown liquid, yield: 21 mg, 39%; 1H NMR (CDCl3, 500 MHz):  7.13 (d, J = 9 Hz, 

1H), 6.98 (s, 1H), 6.86 (m, 2H), 6.77 (dd, J = 8.5, 3 Hz, 1H), 6.69 (d, J = 3 Hz, 1H), 4.31 

(s, 2H), 3.79 (s, 3H), 2.92 (s, 3H), 2.57 (q, J = 7.5 Hz, 2H), 1.23 (t, J = 7.5 Hz, 3H); 13C 

NMR (CDCl3, 125 MHz):  155.4, 151.1, 149.4, 139.8, 137.8, 130.2, 123.6, 121.0, 120.8, 

120.7, 113.9, 113.1, 56.4, 55.6, 43.3, 27.7, 15.4; HR-ESI-MS: m/z calcd for C17H20NO2: 

270.1494 [M + H]+; found: 270.1487. 

3,7,10-trimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3s) 

Pale yellow solid, yield: 27 mg, 54%; 1H NMR (CDCl3, 500 MHz):  6.99 (m, 2H), 6,94 

(s, 1H), 6.84 (d, J = 7.5 Hz, 1H), 6.79 (m, 2H), 4.25 (s, 2H), 2.88 (s, 3H), 2.31 (s, 3H), 

2.25 (s, 3H); 13C NMR (CDCl3, 125 MHz):  156.9, 149.2, 139.9, 138.6, 131.4, 128.5, 

125.9, 124.9, 124.1, 122.1, 120.8, 120.6, 56.5, 43.1, 21.0, 20.3; HR-ESI-MS: m/z calcd 

for C16H18NO: 240.1388 [M + H]+; found: 240.1388. 

7-(tert-butyl)-3,10-dimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3t) 

Pale yellow solid, yield: 34 mg, 64%; 1H NMR (CDCl3, 500 MHz):  7.18 (s, 1H), 7.07 

(s, 1H), 7.05 (t, J = 8 Hz, 2H), 6.88 (d, J = 8 Hz, 2H), 4.32 (s, 2H), 2.93 (s, 3H), 2.36 (s, 

3H), 1.33 (s, 9H); 13C NMR (CDCl3, 125 MHz):  157.1, 148.7, 144.7, 139.7, 138.6, 

128.4, 126.1, 124.1, 121.1, 120.8, 120.1, 118.6, 56.4, 43.0, 34.0, 31.3, 21.0; HR-ESI-MS: 

m/z calcd for C19H24NO: 282.1858 [M + H]+; found: 282.1852. 



 

138 
 

7-ethyl-10-methyl-2-nitro-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3u) 

Pale yellow liquid, yield: 40 mg, 81%; 1H NMR (CDCl3, 500 MHz):  8.02 (dd, J = 9, 3 

Hz, 1H), 7.92 (d, J = 2.5 Hz, 1H), 7.16 (d, J = 9 Hz, 1H), 6.92 (s, 1H), 6.83 (m, 2H), 4.20 

(s, 2H), 2.84 (s, 3H), 2.50 (q, J = 7.5 Hz, 2H), 1.14 (t, J = 7.5 Hz, 3H); 13C NMR (CDCl3, 

125 MHz):  161.3, 148.4, 142.7, 139.8, 139.0, 129.0, 124.6, 124.4, 124.2, 121.2, 120.7, 

120.1, 57.5, 42.6, 27.8, 15.4; HR-ESI-MS: m/z calcd for C16H17N2O3: 285.1239 [M + H]+; 

found: 285.1229. 

7-(tert-butyl)-10-methyl-2-nitro-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3v) 

Orange solid, yield: 44 mg, 87%; 1H NMR (CDCl3, 500 MHz):  8.14 (d, J = 8.5 Hz, 

1H), 8.04 (s, 1H), 7.30 (d, J = 9 Hz, 1H), 7.19 (s, 1H), 7.12 (d, J = 8 Hz, 1H), 6.95 (d, J = 

8.5 Hz, 1H), 4.32 (s, 2H), 2.96 (s, 3H), 1.33 (s, 9H); 13C NMR (CDCl3, 125 MHz):  

161.5, 147.9, 146.0, 142.7, 139.4, 129.1, 124.6, 124.3, 121.9, 121.2, 119.7, 118.4, 57.4, 

42.5, 34.1, 31.3; HR-ESI-MS: m/z calcd for C18H21N2O3: 313.1552 [M + H]+; found: 

313.1532. 

7-methoxy-10-methyl-2-nitro-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3w) 

Yellow solid, yield: 16 mg, 40%; 1H NMR (CDCl3, 500 MHz):  8.03 (dd, J = 8.5, 2.5 

Hz, 1H), 7.93 (d, J = 3 Hz, 1H), 7.18 (d, J = 9 Hz, 1H), 6.89 (d, J = 9 Hz, 1H), 6.66 (d, J 

= 3 Hz, 1H), 6.59 (dd, J = 9, 3 Hz, 1H), 4.18 (s, 2H), 3.71 (s, 3H), 2.80 (s, 3H); 13C NMR 

(CDCl3, 125 MHz):  160.8, 155.7, 149.8, 142.8, 135.7, 128.7, 124.9, 124.1, 121.9, 

121.3, 110.8, 106.9, 57.8, 55.6, 42.9; HR-ESI-MS: m/z calcd for C15H15N2O4: 287.1032 

[M + H]+; found: 287.1023. 

7-bromo-10-methyl-2-nitro-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3x) 

Yellow solid, yield: 17 mg, 40%; 1H NMR (CDCl3, 500 MHz):  8.17 (dd, J = 9, 3 Hz, 

1H), 8.06 (d, J = 2.5 Hz, 1H), 7.32 (d, J = 2.5 Hz, 1H), 7.28 (d, J = 8.5 Hz, 1H), 7.17 (dd, 

J = 8.5, 2 Hz, 1H), 6.81 (d, J = 8.5 Hz, 1H), 4.36 (s, 2H), 2.97 (s, 3H); 13C NMR (CDCl3, 

125 MHz):  161.2, 148.0, 143.2, 141.2, 129.5, 127.9, 124.6, 124.5, 124.4, 121.2, 120.8, 

112.9, 56.5, 42.5; HR-ESI-MS: m/z calcd for C14H12BrN2O3: 335.0031 [M + H]+; found: 

335.0009.  
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2-bromo-7-(tert-butyl)-4-methoxy-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine 

(3y) 

Pale brown solid, yield: 27 mg, 54%; 1H NMR (CDCl3, 500 MHz):  7.21 (d, J = 2 Hz, 

1H), 7.03 (dd, J = 8.5, 2.5 Hz, 1H), 6.99 (d, J = 2 Hz, 1H), 6.91 (d, J = 2 Hz, 1H), 6.82 (d, 

J = 8.5 Hz, 1H), 4.31 (s, 2H), 3.90 (s, 3H), 2.91 (s, 3H), 1.30 (s, 9H); 13C NMR (CDCl3, 

125 MHz):  151.7, 147.6, 145.6, 144.5, 139.1, 132.7, 122.9, 121.5, 120.1, 119.0, 115.8, 

115.1, 56.4, 55.5, 43.1, 34.0, 31.3; HR-ESI-MS: m/z calcd for C19H23BrNO2: 376.0912 

[M + H]+; found: 376.0899. 

2,4-dichloro-7,10-dimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3z) 

Yellow solid, yield: 25 mg, 52%; 1H NMR (CDCl3, 500 MHz):  7.31 (d, J = 2.5 Hz, 

1H), 7.06 (d, J = 1.5 Hz, 1H), 7.04 (d, J = 2.5 Hz, 1H), 6.83 (dd, J = 8, 1.5 Hz, 1H), 6.78 

(d, J = 8 Hz, 1H), 4.30 (s, 2H), 2.88 (s, 3H), 2.26 (s, 3H); 13C NMR (CDCl3, 125 MHz):  

151.9, 147.5, 139.0, 132.8, 131.3, 128.8, 128.5, 126.8, 126.4, 125.6, 122.6, 120.7, 55.6, 

43.2, 20.2; HR-ESI-MS: m/z calcd for C15H14Cl2NO: 294.0452 [M + H]+; found: 

294.0441. 

7-(tert-butyl)-2,4-dichloro-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3aa) 

Pale brown liquid, yield: 37 mg, 79%; 1H NMR (CDCl3, 500 MHz):  7.34 (s, 1H), 7.27 

(s, 1H), 7.07 (s, 1H), 7.06 (d, J = 8.5 Hz, 1H), 6.83 (d, J = 8.5 Hz, 1H), 4.34 (s, 2H), 2.93 

(s, 3H), 1.31 (s, 9H); 13C NMR (CDCl3, 125 MHz):  152.1, 147.0, 144.6, 138.8, 133.0, 

128.8, 128.5, 126.8, 126.4, 121.9, 120.0, 119.2, 55.5, 43.0, 34.0, 31.2; HR-ESI-MS: m/z 

calcd for C18H20Cl2NO: 336.0922 [M + H]+; found: 336.0991. 

2,4,7-trichloro-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3ab) 

Pale brown liquid, yield: 23 mg, 47%; 1H NMR (CDCl3, 500 MHz):  7.33 (d, J = 2.5 Hz, 

1H), 7.23 (d, J = 2.5 Hz, 1H), 7.07 (d, J = 2.5 Hz, 1H), 6.96 (dd, J = 8.5, 2.5 Hz, 1H), 

6.72 (d, J = 9 Hz, 1H), 4.34 (s, 2H), 2.91 (s, 3H); 13C NMR (CDCl3, 125 MHz):  151.6, 

146.8, 140.1, 133.0, 129.2, 129.1, 126.6, 126.5, 125.1, 124.6, 122.3, 120.6, 55.0, 42.9; 

HR-ESI-MS: m/z calcd for C14H11Cl3NO: 313.9906 [M + H]+; found: 313.9897. 
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8-chloro-7-fluoro-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3ac) 

Pale yellow liquid, yield: 20 mg, 41%; 1H NMR (CDCl3, 500 MHz):  7.28 (td, J = 7, 1.5 

Hz, 1H), 7.17 (d, J = 8 Hz, 1H), 7.15 (d, J = 8 Hz, 1H), 7.09 (t, J = 7.5 Hz, 1H), 6.96 (d, J 

= 9.5 Hz, 1H), 6.89 (d, J = 7.5 Hz, 1H), 4.33 (s, 2H), 2.91 (s, 3H); 13C NMR (CDCl3, 125 

MHz):  156.4, 152.9, 150.9, 147.6, 139.5, 128.8, 128.7, 124.0, 120.5, 115.5, 110.0, 56.2, 

43.1; HR-ESI-MS: m/z calcd for C14H12ClFNO: 264.0591 [M + H]+; found: 264.0582. 

6-chloro-7-fluoro-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3ac) 

Pale yellow liquid, yield: 11 mg, 23%; 1H NMR (CDCl3, 500 MHz):  7.27 (d, J = 8 Hz, 

1H), 7.18 (td, J = 7.5, 2 Hz, 1H), 7.03 (m, 2H), 6.75 (t, J = 9 Hz, 1H ), 6.69 (dd, J = 9, 5.5 

Hz, 1H), 4.24 (s, 2H), 2.83 (s, 3H); 13C NMR (CDCl3, 125 MHz):  155.8, 154.3, 152.4, 

146.4, 140.3, 128.7, 128.6, 124.3, 121.0, 117.7, 114.6, 111.0, 56.4, 43.1; HR-ESI-MS: 

m/z calcd for C14H12ClFNO: 264.0591 [M + H]+; found: 264.0596. 

8-chloro-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3ad) 

Pale yellow liquid, yield: 7 mg, 12%; 1H NMR (CDCl3, 500 MHz):  7.17 (td, J = 7.5, 1.5 

Hz, 1H), 7.07 (m, 2H), 6.99 (td, J = 7.5, 1 Hz, 1H), 6.95 (d, J = 8.5 Hz, 1H), 6.68 (d, J = 

2.5 Hz, 1H), 6.63 (dd, J = 8.5, 2.5 Hz, 1H), 4.31 (s, 2H), 2.87 (s, 3H); 13C NMR (CDCl3, 

125 MHz):  157.1, 146.6, 142.9, 129.5, 129.4, 129.0, 128.4, 124.0, 122.6, 120.1, 119.8, 

118.6, 56.0, 42.6; HR-ESI-MS: m/z calcd for C14H13ClNO: 246.0686 [M + H]+; found: 

246.0676. 

6-chloro-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3ad) 

Pale yellow liquid, yield: 17 mg, 33%; 1H NMR (CDCl3, 500 MHz):  7.37 (d, J = 8 Hz, 

1H), 7.27 (td, J = 8, 2 Hz, 1H), 7.15 (dd, J = 7.5, 1.5 Hz, 1H), 7.10 (td, J = 7.5, 1 Hz, 1H), 

6.92 (m, 2H), 6.77 (t, J = 5 Hz, 1H), 4.41 (s, 2H), 2.98 (s, 3H); 13C NMR (CDCl3, 125 

MHz):  156.6, 144.7, 144.1, 129.2, 128.8, 128.3, 126.9, 124.4, 124.2, 121.5, 121.0, 

117.5, 56.3, 42.9; HR-ESI-MS: m/z calcd for C14H11ClNO: 244.0529 [M - H]+; found: 

244.0525. 
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10-methyl-8-(trifluoromethyl)-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3ae) 

Yellowish solid, yield: 14 mg, 28%; 1H NMR (CDCl3, 500 MHz):  7.19 (td, J = 7.5, 1.5 

Hz, 1H), 7.09 (m, 3H), 7.01 (td, J = 7, 1 Hz, 1H), 6.94 (s, 1H), 6.93 (d, J = 7 Hz, 1H), 

4.34 (s, 2H), 2.91 (s, 3H); 13C NMR (CDCl3, 125 MHz):  156.9, 150.0, 142.2, 129.6, 

129.1, 128.4, 126.7, 124.1, 123.0, 122.0, 120.2, 117.0, 116.1, 55.8, 42.6; HR-ESI-MS: 

m/z calcd for C15H13F3NO: 280.0949 [M + H]+; found: 280.0946. 

10-methyl-6-(trifluoromethyl)-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3ae) 

Yellowish solid, yield: 21 mg, 41%; 1H NMR (CDCl3, 500 MHz):  7.19 (m, 2H), 7.05 

(dd, J = 7, 0.5 Hz, 1H), 7.00 (m, 2H), 6.94 (m, 2H), 4.32 (s, 2H), 2.88 (s, 3H); 13C NMR 

(CDCl3, 125 MHz):  156.5, 146.2, 143.5, 129.5, 128.9, 128.1, 124.8, 124.2, 123.8, 

123.2, 122.6, 120.6, 118.0, 55.8, 43.0; HR-ESI-MS: m/z calcd for C15H13F3NO: 280.0949 

[M + H]+; found: 280.0945. 

7,8-dimethoxy-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3af) 

Pale brown solid, yield: 21 mg, 43%; 1H NMR (CDCl3, 500 MHz):  7.24 (td, J = 8, 2 

Hz, 1H), 7.17 (dd, J = 8, 1 Hz, 1H), 7.13 (dd, J = 7.5, 1.5 Hz, 1H), 7.05 (td, J = 7.5, 1.5 

Hz, 1H), 6.73 (s, 1H), 6.54 (s, 1H), 4.30 (s, 2H), 3.85 (s, 3H), 3.84 (s, 3H), 2.86 (s, 3H); 

13C NMR (CDCl3, 125 MHz):  157.3, 145.4, 144.1, 143.4, 134.8, 129.0, 128.8, 128.5, 

123.4, 120.1, 106.2, 105.8, 56.6, 56.3, 56.2, 43.5; HR-ESI-MS: m/z calcd for C16H16NO3: 

270.1130 [M - H]+; found: 270.1131. 

2-bromo-7,8-dimethoxy-10-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3ag) 

Pale brown solid, yield: 27 mg, 54%; 1H NMR (CDCl3, 500 MHz):  7.34 (d, J = 9 Hz, 

1H), 7.26 (s, 1H), 7.06 (d, J = 8.5 Hz, 1H), 6.70 (s, 1H), 6.53 (s, 1H), 4.24 (s, 2H), 3.85 

(s, 6H), 2.86 (s, 3H); 13C NMR (CDCl3, 125 MHz):  156.3, 145.6, 144.4, 143.1, 134.5, 

131.6, 131.3, 131.0, 122.0, 115.8, 106.2, 105.6, 56.4, 56.3, 56.2, 43.5; HR-ESI-MS: m/z 

calcd for C16H17BrNO3: 350.0392 [M + H]+; found: 350.0370. 
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7,8-dimethoxy-10-methyl-2-nitro-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3ah) 

Yellow solid, yield: 20 mg, 44%; 1H NMR (CDCl3, 500 MHz):  8.14 (dd, J = 9, 3 Hz, 

1H), 8.04 (d, J = 2.5 Hz, 1H), 7.26 (d, J = 9 Hz, 1H), 6.74 (s, 1H), 6.59 (s, 1H), 4.30 (s, 

2H), 3.88 (s, 3H), 3.87 (s, 3H), 2.91 (s, 3H); 13C NMR (CDCl3, 125 MHz):  161.5, 

145.9, 144.8, 142.8, 138.6, 134.6, 131.5, 128.9, 125.0, 124.2, 121.1, 105.5, 103.6, 57.5, 

56.3, 56.2, 43.0; HR-ESI-MS: m/z calcd for C16H17N2O5: 317.1137 [M + H]+; found: 

317.1137. 

10-benzyl-7-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3ai) 

Pale yellow liquid, yield: 31 mg, 61%; 1H NMR (CDCl3, 500 MHz):  7.34 (m, 4H), 7.29 

(m, 2H), 7.22 (d, J = 8 Hz, 1H), 7.07 (m, 2H), 7.01 (s, 1H), 6.84 (d, J = 8 Hz, 1H), 6.78 

(d, J = 8.5 Hz, 1H), 4.33 (s, 2H), 4.31 (s, 2H), 2.29 (s, 3H); 13C NMR (CDCl3, 125 MHz): 

 158.0, 148.4, 139.2, 139.0, 131.0, 130.1, 128.8, 128.7, 128.6, 127.6, 127.2, 124.9, 

123.5, 122.2, 121.6, 120.3, 59.4, 52.0, 20.3; HR-ESI-MS: m/z calcd for C21H20NO: 

302.1545 [M + H]+; found: 302.1607. 

10-benzyl-7-methoxy-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3aj) 

Pale yellow liquid, yield: 20 mg, 40%; 1H NMR (CDCl3, 500 MHz):  7.43 (d, J = 7.5 

Hz, 2H), 7.39 (t, J = 7 Hz, 2H), 7.33 (d, J = 7 Hz, 1H), 7.28 (d, J = 6 Hz, 1H), 7.22 (d, J = 

7.5 Hz, 1H), 7.06 (t, J = 7 Hz, 1H), 7.02 (d, J = 7.5 Hz, 1H), 6.95 (d, J = 8.5 Hz, 1H), 

6.76 (s, 1H), 6.59 (d, J = 9 Hz, 1H), 4.25 (s, 2H), 4.20 (s, 2H), 3.80 (s, 3H); 13C NMR 

(CDCl3, 125 MHz):  157.3, 155.0, 150.5, 139.0, 135.4, 129.6, 129.1, 128.6, 128.5, 

128.0, 127.2, 124.3, 123.4, 120.3, 110.2, 106.7, 59.7, 55.6, 52.1; HR-ESI-MS: m/z calcd 

for C21H20NO2: 318.1494 [M + H]+; found: 318.1478. 

11-methyl-10,11-dihydro-[1,3]dioxolo[4',5':4,5]benzo[1,2-b]benzo[f][1,4]oxazepine 

(3ak) 

Pale yellow solid, yield: 19 mg, 40%; 1H NMR (CDCl3, 500 MHz):  7.12 (td, J = 7.5, 2 

Hz, 1H), 7.07 (d, J = 7.5 Hz, 1H), 6.98 (d, J = 6 Hz, 1H), 6.94 (t, J = 7 Hz, 1H), 6.62 (s, 

1H), 6.47 (s, 1H), 5.80 (s, 2H), 4.14 (s, 2H), 2.76 (s, 3H); 13C NMR (CDCl3, 125 MHz):  

156.5, 145.0, 144.1, 142.1, 137.0, 128.8, 128.3, 128.2, 123.4, 120.4, 102.9, 101.4, 101.3, 

57.3, 43.2; HR-ESI-MS: m/z calcd for C15H14NO3: 256.0974 [M + H]+; found: 256.0969. 
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2-((7-methyldibenzo[b,f][1,4]oxazepin-10(11H)-yl)methyl)-4-nitrophenol (3al) 

Yellow solid, yield: 26 mg, 52%; 1H NMR (CDCl3, 500 MHz):  11.31 (bs, 1H), 8.16 

(dd, J = 9, 2.5 Hz, 1H), 7.95 (d, J = 3 Hz, 1H), 7.32 (td, J = 8, 1.5 Hz, 1H), 7.26 (d, J = 

7.5 Hz, 1H), 7.12 (d, J = 8 Hz, 1H), 7.08 (m, 2H), 6.96 (d, J = 9 Hz, 1H), 6.95 (dd, J = 

6.5, 1 Hz, 1H), 6.91 (dd, J = 8, 1.5 Hz, 1H), 4.39 (s, 2H), 4.30 (s, 2H), 2.33 (s, 3H); 13C 

NMR (CDCl3, 125 MHz):  164.1, 156.0, 152.0, 140.6, 136.8, 136.5, 129.4, 129.2, 125.6, 

125.3, 125.0, 124.0, 123.9, 122.6, 121.1, 120.8, 116.9, 58.3, 53.4, 20.6; HR-ESI-MS: m/z 

calcd for C21H19N2O4: 363.1345 [M + H]+; found: 363.1356. 

10-(2-methoxy-5-nitrobenzyl)-7-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (3al) 

Yellow solid, yield: 12 mg, 57%; 1H NMR (CDCl3, 500 MHz):  8.24 (d, J = 2.5 Hz, 

1H), 8.14 (dd, J = 9, 3 Hz, 1H), 7.20 (td, J = 8, 1.5 Hz, 1H), 7.13 (d, J = 8 Hz, 1H), 7.01 

(m, 2H), 6.90 (s, 1H), 6.87 (d, J = 9 Hz, 1H), 6.63 (dd, J = 8.5, 1 Hz, 1H), 6.57 (d, J = 8.5 

Hz, 1H), 4.30 (s, 2H), 4.22 (s, 2H), 3.87 (s, 3H), 2.17 (s, 3H); 13C NMR (CDCl3, 125 

MHz):  162.2, 158.2, 147.9, 141.7, 138.7, 131.0, 130.3, 129.1, 128.8, 128.5, 125.0, 

124.7, 123.9, 123.8, 122.2, 121.0, 120.3, 109.8, 56.1, 54.3, 52.4, 20.2; HR-ESI-MS: m/z 

calcd for C22H21N2O4: 377.1501 [M + H]+; found: 377.1508. 

7,10-dimethyl-2-nitrodibenzo[b,f][1,4]oxazepin-11(10H)-one (4c) 

Yellow solid, yield: 37 mg, 73%; 1H NMR (CDCl3, 500 MHz):  8.77 (d, J = 3 Hz, 1H), 

8.30 (dd, J = 9, 3 Hz, 1H), 7.32 (d, J = 8.5 Hz, 1H), 7.14 (d, J = 8.5 Hz, 1H), 7.08 (s, 1H), 

7.05 (d, J = 9.5 Hz, 1H), 3.58 (s, 3H), 2.33 (s, 3H); 13C NMR (CDCl3, 125 MHz):  

164.7, 164.2, 152.3, 144.9, 137.2, 132.4, 128.6, 128.2, 127.5, 127.3, 122.6, 121.8, 121.2, 

36.9, 20.6; HR-ESI-MS: m/z calcd for C15H13N2O4: 285.0875 [M + H]+; found: 285.0876. 
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Figure 3.5C. 1H and 13C-NMR of 4c 
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2-bromo-7,10-dimethyldibenzo[b,f][1,4]oxazepin-11(10H)-one (4d) 

Yellow solid, yield: 23 mg, 28%; 1H NMR (CDCl3, 500 MHz):  8.00 (s, 1H), 7.55 (dd, J 

= 8.5, 1.5 Hz, 1H), 7.12 (d, J = 8 Hz, 1H), 7.09 (d, J = 8.5 Hz, 1H), 7.06 (s, 1H), 7.03 (d, 

J = 8.5 Hz, 1H), 3.57 (s, 3H), 2.34 (s, 3H); 13C NMR (CDCl3, 125 MHz):  165.0, 159.6, 

153.1, 136.8, 136.1, 134.8, 132.9, 128.1, 126.6, 122.4, 121.7, 121.6, 117.9, 36.8, 20.6; 

HR-ESI-MS: m/z calcd for C15H13BrNO2: 318.0130 [M + H]+; found: 318.0134. 

7-ethyl-10-methyldibenzo[b,f][1,4]oxazepin-11(10H)-one (4h) 

Pale yellow liquid, yield: 25 mg, 30%; 1H NMR (CDCl3, 500 MHz):  7.90 (d, J = 8 Hz, 

1H), 7.46 (t, J = 7.5 Hz, 1H), 7.22 (t, J = 8.5 Hz, 2H), 7.15 (d, J = 8 Hz, 1H), 7.11 (s, 1H), 

7.04 (dd, J = 8, 1.5 Hz, 1H), 3.59 (s, 3H), 2.64 (q, J = 7.5 Hz, 2H), 1.24 (t, J = 7.5 Hz, 

3H); 13C NMR (CDCl3, 125 MHz):  166.5, 160.6, 153.5, 142.9, 133.5, 133.4, 132.2, 

126.3, 125.2, 125.1, 122.3, 120.5, 119.8, 36.7, 28.0, 15.2; HR-ESI-MS: m/z calcd for 

C16H16NO2: 254.1181 [M + H]+; found: 254.1175. 

2-bromo-7-ethyl-10-methyldibenzo[b,f][1,4]oxazepin-11(10H)-one (4l) 

Orange solid, yield: 22 mg, 36%; 1H NMR (CDCl3, 500 MHz):  7.98 (d, J = 2.5 Hz, 

1H), 7.53 (dd, J = 8.5, 2.5 Hz, 1H), 7.13 (d, J = 8 Hz, 1H), 7.07 (d, J = 9 Hz, 1H), 7.06 

(m, 1H) 7.03 (dd, J = 8, 1.5 Hz, 1H), 3.55 (s, 3H), 2.61 (q, J =7.5 Hz, 2H), 1.22 (t, J =7.5 

Hz, 3H); 13C NMR (CDCl3, 125 MHz):  165.1, 159.6, 153.2, 143.2, 136.1, 134.8, 133.0, 

128.1, 125.4, 122.4, 121.7, 120.4, 117.9, 36.8, 28.0, 15.2; HR-ESI-MS: m/z calcd for 

C16H14BrNNaO2: 354.0106 [M + Na]+; found: 354.0112. 

7-ethyl-10-methyl-2-nitrodibenzo[b,f][1,4]oxazepin-11(10H)-one (4u) 

Yellow solid, yield: 12 mg, 60%; 1H NMR (CDCl3, 500 MHz):  8.79 (d, J = 3 Hz, 1H), 

8.32 (dd, J = 9, 3 Hz, 1H), 7.36 (d, J = 8.5 Hz, 1H), 7.19 (d, J = 8 Hz, 1H), 7.12 (d, J = 2 

Hz, 1H), 7.11 (dd, J = 8, 2 Hz, 1H), 3.61 (s, 3H), 2.66 (q, J = 7.5 Hz, 2H), 1.25 (t, J = 7.5 

Hz, 3H); 13C NMR (CDCl3, 125 MHz):  164.7, 164.2, 152.4, 144.9, 143.6, 132.5, 128.6, 

128.2, 127.5, 126.0, 122.6, 121.2, 120.6, 36.8, 27.9, 15.1; HR-ESI-MS: m/z calcd for 

C16H15N2O4: 299.1032 [M + H]+; found: 299.1036. 

 



 

146 
 

2-bromo-7-isopropyl-10-methyldibenzo[b,f][1,4]oxazepin-11(10H)-one (4am) 

Orange solid, yield: 29 mg, 50%; 1H NMR (CDCl3, 500 MHz):  8.00 (d, J = 3 Hz, 1H), 

7.55 (dd, J = 8.5, 2.5 Hz, 1H), 7.16 (d, J = 8.5 Hz, 1H), 7.11 (d, J = 7 Hz, 1H), 7.10 (s, 

1H), 7.08 (dd, J = 8, 2.5 Hz, 1H), 3.57 (s, 3H), 2.90 (sept, J = 7 Hz, 1H), 1.25 (d, J = 7 

Hz, 6H); 13C NMR (CDCl3, 125 MHz):  165.0, 159.6, 153.2, 147.9, 136.1, 134.8, 133.0, 

128.1, 124.0, 122.4, 121.7, 119.0, 117.9, 36.8, 33.4, 23.7; HR-ESI-MS: m/z calcd for 

C17H17BrNO2: 346.0443 [M + H]+; found: 346.0447. 

7-isopropyl-10-methyl-2-nitrodibenzo[b,f][1,4]oxazepin-11(10H)-one (4an) 

Yellow solid, yield: 60 mg, 59%; 1H NMR (CDCl3, 500 MHz):  8.78 (d, J = 2.5 Hz, 

1H), 8.31 (dd, J = 9, 3 Hz, 1H), 7.34 (d, J = 9 Hz, 1H), 7.18 (d, J = 9 Hz, 1H), 7.11 (m, 

2H), 3.58 (s, 3H), 2.89 (sept, J = 7 Hz, 1H), 1.23 (d, J = 7, 6H); 13C NMR (CDCl3, 125 

MHz):  164.7, 164.2, 152.4, 148.3, 144.9, 132.5, 128.6, 128.2, 127.5, 124.7, 122.6, 

121.3, 119.1, 36.9, 33.5, 23.7; HR-ESI-MS: m/z calcd for C17H17N2O4: 313.1188 [M + 

H]+; found: 313.1178. 
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Figure 3.5D. 1H and 13C-NMR of 23 
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Figure 3.5E. 1H and 13C-NMR of 24 
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Figure 3.5F. 1H and 13C-NMR of 25 
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N-(tert-butyl)-7,10-dimethyl-2-nitro-10,11-dihydrodibenzo[b,f][1,4]oxazepine-11-

carboxamide (23) 

Yellow solid, yield: 18 mg, 56%; 1H NMR (CDCl3, 500 MHz):  8.19 (m, 2H), 7.28 (s, 

1H), 6.97 (s, 1H), 6.91 (m, 2H), 6.58 (bs, 1H), 4.53 (s, 1H), 2.99 (s, 3H), 2.29 (s, 3H), 

1.23 (s, 9H); 13C NMR (CDCl3, 125 MHz):  168.1, 161.6, 148.8, 143.6, 135.7, 133.2, 

129.6, 126.6, 126.0, 125.3, 122.5, 122.0, 121.6, 71.0, 51.3, 43.5, 28.4, 20.3; HR-ESI-MS: 

m/z calcd for C20H23N3NaO4: 392.1586 [M + Na]+; found: 392.1571. 

2-(5-formyl-2-(methylamino)phenoxy)-5-nitrobenzaldehyde (24) 

Yellow solid, yield: 17 mg, 65%; 1H NMR (CDCl3, 500 MHz):  10.48 (s, 1H), 9.65 (s, 

1H), 8.67 (d, J = 3 Hz, 1H), 8.25 (dd, J = 9, 2.5 Hz, 1H), 7.64 (dd, J = 8.5, 1.5 Hz, 1H), 

7.40 (d, J = 1.5 Hz, 1H), 6.88 (d, J = 9 Hz, 1H), 6.78 (d, J = 8.5 Hz, 1H), 4.93 (q, J = 5 

Hz, 1H), 2.93 (d, J = 5.5 Hz, 3H); 13C NMR (CDCl3, 125 MHz):  189.4, 186.8, 163.2, 

146.5, 143.2, 140.5, 131.6, 130.5, 126.1, 125.7, 125.1, 119.9, 116.8, 110.4, 29.8; HR-ESI-

MS: m/z calcd for C15H12N2NaO5: 323.0644 [M + Na]+; found: 323.0631 minor peak, and 

m/z calcd for C16H16N2NaO6: 355.0906 [M + MeOH + Na]+; found: 355.0892 base peak. 

2-((2-hydroxy-4-methylphenyl)(methyl)amino)-5-nitrobenzaldehyde (25) 

Yellow solid, yield: 21 mg, 85%; 1H NMR (CDCl3, 500 MHz):  9.65 (s, 1H), 8.45 (d, J 

= 3 Hz, 1H), 8.21 (dd, J = 9, 2.5 Hz, 1H), 7.03 (d, J = 9 Hz, 1H), 6.77 (s, 1H), 6.70 (d, J = 

8 Hz, 1H), 6.62 (d, J = 8 Hz, 1H), 5.87 (bs, 1H), 3.21 (s, 3H), 2.23 (s, 3H); 13C NMR 

(CDCl3, 125 MHz):  188.2, 155.7, 151.1, 140.2, 139.5, 134.4, 129.1, 128.8, 125.9, 

124.8, 122.7, 118.1, 117.6, 42.6, 21.2; HR-ESI-MS: m/z calcd for C15H14N2NaO4: 

309.0851 [M + Na]+; found: 309.0846. 

2-(methyl(4-methyl-3,6-dioxocyclohexa-1,4-dien-1-yl)amino)-5-nitrobenzaldehyde (26) 

Red solid, yield: 11 mg, 40%; 1H NMR (CDCl3, 500 MHz):  10.15 (s, 1H), 8.75 (d, J = 

2.5 Hz, 1H), 8.39 (dd, J = 8.5, 2.5 Hz, 1H), 7.21 (d, J = 8.5 Hz, 1H), 6.35 (d, J = 1.5 Hz, 

1H), 6.07 (s, 1H), 3.27 (s, 3H), 2.06 (d, J = 1.5 Hz, 3H); 13C NMR (CDCl3, 125 MHz):  

187.7, 186.4, 183.0, 154.6, 149.0, 147.4, 145.9, 131.8, 131.3, 129.1, 128.3, 126.7, 110.9, 

43.3, 15.7; HR-ESI-MS: m/z calcd for C16H16N2NaO6: 355.0906 [M + MeOH + Na]+; 

found: 355.0914. 
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2,10-dimethyl-7-nitro-9,10-dihydroacridin-4-ol (27) 

Yellow solid, yield: 13 mg, 55%; 1H NMR (CDCl3, 500 MHz):  8.10 (dd, J = 9, 2.5 Hz, 

1H), 7.98 (d, J = 2.5 Hz, 1H), 6.92 (d, J = 9 Hz, 1H), 6.58 (s, 1H), 6.48 (s, 1H), 4.78 (bs, 

1H), 3.85 (s, 2H), 3.66 (s, 3H), 2.24 (s, 3H); 13C NMR (CDCl3, 125 MHz):  151.8, 

144.9, 140.7, 133.7, 128.4, 127.2, 125.5, 123.6, 123.2, 121.1, 116.4, 112.7, 39.6, 32.8, 

20.4; HR-ESI-MS: m/z calcd for C15H14N2NaO3: 293.0902 [M + Na]+; found: 293.0908. 

7-ethyl-10-methyl-5-tosyl-10,11-dihydro-5H-dibenzo[b,e][1,4]diazepine (29) 

Pale yellow liquid, yield: 15 mg, 30%; 1H NMR (CDCl3, 500 MHz):  7.64 (dd, J = 8, 1 

Hz, 1H), 7.43 (d, J = 8 Hz, 2H), 7.30 (d, J = 2 Hz, 1H), 7.28 (td, J = 7.5, 1.5 Hz, 1H), 

7.22 (td, J = 7.5, 1.5 Hz, 1H), 7.17 (d, J = 7.5 Hz, 2H), 7.04 (dd, J = 8.5, 2 Hz, 1H), 7.00 

(dd, J = 7.5, 1 Hz, 1H), 6.71 (d, J = 8.5 Hz, 1H), 3.98 (d, J = 15.5 Hz, 1H), 3.57 (d, J = 

15.5 Hz, 1H), 2.57 (q, J = 7.5 Hz, 2H), 2.44 (s, 3H), 2.38 (s, 3H), 1.20 (t, J = 7.5 Hz, 3H); 

13C NMR (CDCl3, 125 MHz):  144.5, 142.8, 138.5, 137.8, 136.8, 134.3, 131.4, 130.6, 

130.5, 128.9, 128.8, 128.3, 127.9, 127.8, 127.7, 118.5, 57.1, 42.2, 27.7, 21.5, 15.3; HR-

ESI-MS: m/z calcd for C23H25N2O2S: 393.1637 [M + H]+; found: 393.1622. 

2-methoxy-5-nitrobenzaldehyde (22) 

Yellow solid, yield: 11 mg, 48%; 1H NMR (CDCl3, 500 MHz):  10.45 (s, 1H), 8.71 (d, J 

= 3 Hz, 1H), 8.45 (dd, J = 9, 3 Hz, 1H), 7.12 (d, J = 9 Hz, 1H), 4.07 (s, 3H); 13C NMR 

(CDCl3, 125 MHz):  187.4, 165.5, 141.7, 130.6, 124.7, 112.2, 56.7.22 
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Figure 3.5G. 1H and 13C-NMR of 26 
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Figure 3.5H. 1H and 13C-NMR of 27 
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Figure 3.5I. 1H and 13C-NMR of 29 
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Chapter-4 

Design, Synthesis and Cytotoxicity Evaluation of Diindolylmethane Conjugates 

of Biaryls and Diaryl ethers 

4.1. Abstract 

This chapter deals with design and synthesis of diindolylmethane (DIM) derivatives 

conjugated with biaryls and diaryl ethers and their cytotoxicity evaluation both in human 

cervical (HeLa), breast (MDA-MB-231) cancer cell lines and compared against normal 

rat cardiac myoblasts (H9C2) cells or rat skeletal myoblast cells (L6). The first library of 

compounds DIM-ortho-biaryls 2a-2l had variations in one of the phenyl units, prepared in 

a single step by condensation of biaryl-2-carbaldehydes with 1H-indole in the presence of 

para-toluenesulfonic acid. DIM-2a and DIM-2d exhibited GI50 values of 11.00±0.707 

µM and 8.33±0.416 µM, respectively in HeLa cells and were found to be nontoxic to 

H9C2 cells up to 20 µM. In addition, both DIM-2a and DIM-2d induced cytotoxicity in 

breast MDA-MB-231 cells with GI50 values below 10 µM. Encouraged by the initial 

results, further DIM conjugates of biaryl and diaryl ethers were designed, synthesized by 

variation in indoles and screened their cytotoxicity in MDA-MB-231 cell line and 

compared against L6. Synthetic compounds with halo substitution were found to be 

cytotoxic against MDA-MB-231 cell lines at a micromolar range. DIM-3aa with a 

primary amine appendage possessed the highest cytotoxicity on MDA-MB-231 cell line 

with a GI50 value of 8.27±0.233 µM. These results suggest the structure activity 

relationship of DIM-ortho-biaryls as potent therapeutic candidates for human cervical 

(HeLa), breast (MDA-MB-231) cancers which warrants a detailed biological studies. 

4.2. Introduction 

As discussed in the introductory chapter, indoles are ubiquitous heterocycles found in 

natural products endowed with a plethora of biological activities. 1Bis(3-indolyl)methane 

or 3, 3- diindolylmethane 1 (DIM), a disubstituted methane with two indole units is an 

active metabolite of indole-3-carbinol (I3C), a glucosinolate conjugate present in various 

Brassica vegetables such as cabbage, broccoli, brussels, sprouts, etc. and is renowned for 

its potential anticancer properties. 2Many epidemiological studies have shown that a high 

dietary intake of cruciferous vegetables can reduce the risk of cancer attributing to the 

anticancer property of I3C.3 I3C is unstable under acidic pH of the stomach and gets 
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converted into acid condensation products of biologically active compounds, out of which 

one of the most prominent by-product is the dimer DIM-1 (Scheme 4.2.1). Hence the 

effects induced by I3C in vivo could be attributed to its condensation product DIM-1, 

which is the prime target in anticancer investigations. In 1970s, Wattenberg first 

described the chemo-protective abilities displayed by DIM-1 in crucifers through many 

studies.4 The studies revealed the role of DIM-1 in aryl hydrocarbon hydroxylase 

induction, carcinogen metabolism, and inhibition, and chemical neoplasia inhibition. 

Since then, DIM-1 has been found to target multiple proteins and pathways for 

attenuation of cancer progression. The major molecular targets of DIM-1 are shown in 

Figure 4.2A.5 DIM-1 is a potential cancer therapeutic agent as it possesses low toxicity 

and cytotoxic ability to inhibit the growth of a multitude of cancer cell types in vitro and 

in vivo.6 In addition, DIM-1 and its derivatives have myriad of activities including plant 

growth promotion,7 inhibition of Leishmania donovani topoisomerase I8 and 

antimicrobial activities against human pathogens.9 

 

 

Scheme 4.2.1. Formation of DIM-1 from I3C 

 

Figure 4.2A. Molecular targets of DIM-1 

In search for more powerful anticancer agent than DIM-1, many derivatives of DIM-1 

have been synthesized and screened for their increased potency and pharmacological 

properties like specificity, bioavailability, toxicity, stability, etc.10 For instance, studies on 

2,2-diphenyl-3,3-diindolylmethane (DPDIM) carried out by Ghosh et al. in 2013 
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revealed that it significantly induces apoptosis in carcinogen-induced Sprague-Dawley rat 

mammary tumour by inhibiting EGFR pathway.10a Dr. Safe’s lab have published many 

studies akin to the anticancer activity of DIM analogues. They disclose the efficiency of 

the 1,1-bis(3-indolyl)-1-(p-substitutedphenyl)methane (C-DIM) analogues as potent 

anticancer agents for the treatment of metastatic lung cancer. Their studies found that 

both DIM-C-pPh-OCH3 and DIM-C-pPhOH inhibit lung cancer cell and tumour growth 

in a metastasis model.10b Another study from the same laboratory reported that 1,1-bis (3′-

indolyl)-1-(p-biphenyl)methane (DIM-C-pPhC6H5) could be used alone or in combination 

with other drugs for the treatment of lung cancer.10c Many novel modified analogues of 

DIM-1 have been identified to exhibit improved anticancer activity than the natural 

counterpart. 

Biaryls/biphenyls are another class of compounds prominently known for their 

pharmacophoric properties, present in myriad natural products of both terrestrial and 

marine origin. Some of the representative molecules possessing biaryl motif are 

highlighted in figure 4.2B.11 A multi-substituted biaryl offers an opportunity to diversify 

its motif to various other scaffolds giving promising pharmacological properties. A study 

by Naik et al. showed that biaryl inserted noscapine analogues had a higher affinity to 

tubulin compared to the parent compound and that the biaryl substitution impacted their 

therapeutic potential towards multiple cancer types.12 Another study by Mcnulty et al. 

showed that biaryl analogues of colchicine and combretastatin A4 found to exhibit 

anticancer activity by initiating apoptosis via a mechanism involving inhibition of tubulin 

polymerization.13 The immense potential displayed by biaryl pharmacophore as 

anticancer agents justifies the choice of using the molecule to improve the anticancer 

activity of DIM-1. 
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Figure 4.2B. Representative biaryl structural motifs 

In this regard, we have recently reported a mild and expedient method to synthesize 

biaryl-2-carbaldehyde under metal-free conditions, wherein we have also demonstrated its 

conversion into an array of diverse molecules of which one of them was 1,1-bis(3′-

indolyl)-1-(o-biaryl)methane (DIM-ortho-biaryl, Figure 4.2C).14 The biological 

significance of indole heterocycle and biaryl as separate entities prompted us to combine 

them in a single molecule to explore the bioactivity of the resulting DIM-ortho-biaryl 

motif. Studies from Dr. Safe’s lab provide extensive evidence regarding the improved 

anticancer activity of many DIM derivatives.15 Interestingly, a considerable amount of 

studies were performed by Safe’s group on anticancer activity of DIM-para-biaryl 

derivatives, which showed the inhibition of MCF-7 breast cancer cells, various colon 

cancer cells, Panc-28 pancreatic cancer cells, bladder cancer cells, renal cell carcinoma, 

HEC1A endometrial cancer cells and A549 lung cancer cells.15g,15j Studies by Abdelrahim 

et al. 2008, Lee et al. 2011, and Shin et al. 2011, are some examples that advocate the 

anticancer activity of para-substituted derivatives of DIM.15g-15i DIM-para-biaryl 

derivatives have also been shown to exhibit anti-inflammatory, antimicrobial and 

antioxidant effects.16 However, DIM-meta-biaryls and DIM-ortho-biaryls were not 
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subjected to biological screenings against in vitro assays. Figure 4.2C shows the basic 

structural skeleton of DIM-biaryl motifs. Ortho-substituted biaryls/biphenyls exhibit 

atropisomerism due to the barrier of rotation between their rings. As a result, DIM-ortho-

biaryls with bulky substituted methane in the ortho-position with two 1H-indole units 

flanked on either side of the biaryl axis offer unique topological features compared to 

DIM-meta-biaryls and DIM-para-biaryls. The precedent set by DIM-para-biaryls as a 

new class of potential anticancer agents (vide supra) prompted us to explore the 

anticancer properties of DIM-ortho-biaryls for the first time owing to its interesting 

structural features. 

 

Figure 4.2C. Basic skeleton of DIM biaryl motifs 

One of the main reason responsible for mortality in women across the world is cancer. 

But the burden of cancer is progressively articulated on the low and middle-income 

countries due to the increasing life expectancy and the prevalence of risk factors 

associated with an economic transition. According to Torre et al. in 2017, the three most 

frequently diagnosed cancers in women are breast, colorectal, and lung cancers.17 They 

are also responsible for the three leading causes of cancer-related death in women, 

globally. But in developed countries, it is breast, cervical and lung cancer that ranks the 

highest. As indicated by Bray et al. 2018 and GLOBOCAN 2018 statistics, breast cancer 

accounts for 25% of cancer incidence and 15% of cancer-related deaths.18 In developing 

countries, cervical cancer is the second most commonly diagnosed cancer and the third 

leading cause of cancer-associated mortality. 

The current chapter deals with the study of synthetic derivatives of DIM that exhibited 

anticancer potential in two types of female cancers namely cervical and breast cancer. 
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4.3. Results and Discussion 

4.3.1. Synthesis of DIM-ortho-biaryls (DIM) 2a-2l 

We have synthesised a novel DIM-ortho-biaryl (DIM) 2a owing to the unique structural 

feature and unprecedented structural diversity. In our previous report, we have 

synthesized an array of polyfunctional biaryl-2-carbaldehydes under mild conditions.14 In 

the present study, these carbaldehydes were utilized in the synthesis of a library of DIM-

ortho-biaryls under standard conditions (Figure 4.3A).  

Figure4.3A. Structures of DIM-ortho-biaryls (DIM) 2a-2l 
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A series of synthetic analogues viz. DIM-2b-2g, 2i-2l of compound DIM-2a (Figure 

4.3A) were synthesized in one step by condensation of pertinent biaryl-2-carbaldehyde 

with two equivalents of 1H-indole in presence of a catalytic amount of p-TsOH. 

Variations in biaryl-2-carbaldehydes were achieved from utilizing differently substituted 

cinnamaldehydes in our methodology. DIM-2h (Figure 4.3A) with the monoindole unit 

was synthesised as the major product under the reaction conditions. The final products 

were purified by column chromatography, and structural confirmation was carried out by 

1H-, 13C-NMR, and HR-ESI-MS. 

4.3.2. Cytotoxic effects of DIM-2a-2l 

Initially, DIM-ortho-biaryls 2a-2l were screened for cytotoxicity studies using MTT 

assay in HeLa (cervical), MDA-MB-231 (breast) cancer cells and H9C2 cells (Table 

4.3A). Cells were exposed to varying concentrations of the DIM compounds (0, 2, 5, 10, 

20 and 50 µM) for 24 h and the percentage of growth inhibition for each compound was 

calculated. Table 4.3A shows the GI50 (concentration at which 50% of growth inhibition 

is achieved) values of all the 12 DIM compounds studied. The results indicated that the 

DIM-2a, 2d and 2h showed significant cytotoxicity towards HeLa and MDA-MB-231 

cells. GI50 value for DIM-2a, 2d and 2h were found to be 11.00±0.707 µM, 8.33±0.416 

µM, and 1.45±0.180 µM, respectively in HeLa cells and 9.8±0.219 µM, 8.7±0.523 µM, 

and 8.5±0.727 µM, respectively in the MDA-MB-231 cell line. The remaining DIMs 

exhibited values above 20 µM. Both DIM-2a and 2d were found to be non-toxic towards 

normal H9C2 cells, while DIM-2h induced toxicity at GI50 value of 10.00±0.265 µM 

making it unfavourable for further investigations. The standard anticancer drug cisplatin, 

used as the positive control for HeLa cells were able to induced toxicity in both HeLa and 

normal cells with a GI50 of 3.75±0.213 µM and 4.38±0.528 µM, respectively. Whereas, 

paclitaxel, the positive control was toxic towards both normal and MDA-MB-231 cells 

with a GI50 of 24.23±0.586 nM and 34.5±0.219 nM, respectively. 

 

 

 

 



 

168 
 

Table 4.3A. Evaluation of cytotoxicity of DIM-2a-2l in HeLa, MDA-MB-231 and H9C2 

Sl.No Compounds 
GI50 (µM) 

HeLa MDA-MB-231 H9C2 

1 DIM-2a 11.00±0.707 9.8±0.219 >50 

2 DIM-2b >20 >20 >50 

3 DIM-2c >20 >20 >50 

4 DIM-2d 8.33±0.416 8.7±0.523 >50 

5 DIM-2e >20 >20 >50 

6 DIM-2f >20 >20 >50 

7 DIM-2g >20 >20 >50 

8 DIM-2h 1.45±0.180 8.5±0.727 10.00±0.265 

9 DIM-2i >20 >20 >50 

10 DIM-2j >20 >20 >50 

11 DIM-2k >20 >20 >50 

12 DIM-2l >20 >20 >50 

Cells were treated with different concentrations of DIM-2a-2l for 24 h and the 

cytotoxicity was evaluated using MTT assay. Values represented are means, with 

standard deviations represented as ±. 

4.3.3. Morphological analysis by phase contrast microscopy 

The cells undergoing apoptosis exhibit significant morphological changes such as cell 

shrinkage, membrane blebbing and formation of apoptotic bodies. Morphological changes 

associated with HeLa and MDA-MB-231 cell lines upon treatment with or without 

cisplatin/paclitaxel, DIM-2a and 2d for 24 h were observed using a phase contrast 

microscope attached with the camera. Control cells exhibited normal morphology with 

ellipsoidal (HeLa) or spindle (MDA-MB-231) and a good amount of cytoplasm within 

intact membrane structure while the treated cells showed significant morphological 

changes such as rounding up of cells and membrane breakage. Similar changes were 

observed with the drug cisplatin/paclitaxel also. DIM-2a and 2d treatments did not induce 

any noticeable morphological changes in normal H9C2 cells. The results are given in 



 

169 
 

figure 4.3B and 4.3C. The morphological alterations such as cell shrinkage, alteration in 

shape, membrane breakage suggested apoptosis as the cause for cytotoxicity. 

Figure 4.3B. Morphology of HeLa and H9C2 cells treated with DIM-2a and 2d 

As a result, compound DIM-2a and 2d were considered as the optimal lead in the library 

and taken up further to check other anticancer screening parameters by Dr. Priya S. from 

APT division, CSIR-NIIST. Furthermore, their study on DIM-2a and 2d found that they 

induced caspase-dependent cellular apoptosis in a concentration-dependent manner, 

reduced mitochondrial membrane potential, inhibited the cell migration and 

downregulated the production of MMP-2 and MMP-9 in HeLa cells. 
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Figure 4.3C. Morphology of MDA-MB-231 and H9C2 cells treated with DIM-2a and 2d 

Inspired by the attractive anticancer properties of biaryl conjugated DIMs, we have 

designed and synthesized a diverse series of DIMs by conjugating with biaryls 3a-3o and 

diaryl ethers 4a-4p, and explored their therapeutic effects against breast cancer cells 

(Figure 4.3D). Our interest was mainly focused on the identification of the substituent 

effect on the indole moiety and the DIM conjugates (biaryl or diary ether), to support the 

biological activity and whose substructure optimization would efficiently produce 

molecules with high antitumor activities. The incorporation of biaryl or diaryls ether, a 

known pharmacophore, in a single molecule may enhance the biological activity of the 

DIM.  

Triple-negative breast cancer (TNBC) is one of the most clinically aggressive tumours 

that do not express the gene for estrogen, progesterone and human epidermal growth 

factor receptors, representing approximately 25% of breast cancers. Currently, there are 

no targeted therapies available for TNBC, and the available chemotherapy based 

treatment options exhibit poor therapeutic benefits and possess serious toxicity issues.19 
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The highly metastatic and poor prognosis challenges the treatment of TNBC, which 

necessitate the discovery of novel and safer drugs to treat this type of cancer. Recently, 

DIM has reported for its specific efficacy in regulating the development of breast cancer 

at different stages namely initiation, promotion, progression, and invasion and its 

derivatives display all the attributes needed for the successful attenuation of 

TNBC.2c,15d,20 Thus, we have investigated the cytotoxicity of our synthesized DIM 

conjugates 3a-3o and 4a-4p in TNBC cell line, MDA-MB-231 and compared with the 

activity of DIM-1. 

Figure 4.3D. Basic skeleton of the biaryl and diaryl ether conjugated DIMs 

4.3.4. Synthesis of diindolylmethane conjugates of biaryl/diaryl ethers 

The strategy for the synthesis of biaryl and diaryl ether conjugated DIM analogues 3a-3o, 

3aa and 4a-4p are depicted in Scheme 4.3.1 and 4.3.2. para-Hydroxy substitution in 

biaryl was sought in the design for further structural elaboration. Indoles with variable 

substitutions were used for the synthesis to get an insight on structure-activity 

relationship. Initially, 4-hydroxycinnamaldehyde 5 was synthesised from the 

commercially available trans-4-methoxycinnamaldehyde by methyl deprotection in 

presence of AlCl3 (6 equiv) in DCM at 50 C, followed by acetylation yielded 

cinnamaldehyde 6. Biaryl-2-carbaldehyde 7 was synthesised from carbaldehyde 6 using 

our previously reported one pot four-component reaction of dienaminodioate and 

allylamine mediated by trifluoroacetic acid at room temperature.14 Deacetylation of biaryl 

7 was performed using K2CO3 in ethanol, followed by condensation of biaryl 8 with 

pertinent indole in the presence of a catalytic amount of p-TsOH afforded DIM-3. The 

deacetylation attempt with K2CO3 in methanol yielded biaryl in which the ethyl group 

exchanged with methyl group. Encouraged by the previous results, additional functional 

group modifications for the indole ring was sought to synthesize 3b-3o (Figure 4.3E). On 

the other hand, improved metabolic property and enhancement of the pharmacokinetic 

and physiochemical properties of fluorinated drug molecules inspired us to choose a 
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fluoro-tertiary amine for the synthesis of diaryl ether conjugated DIMs 4.21 We used our 

own synthetic methodology to convert tertiary amines 10 to the corresponding diary 

ether-ortho-carbaldehyde 1122 using phenyliodine diacetate (PIDA) followed by 

condensation with indole furnished DIM-12. As primary amines shown to display potent 

biological activity, benzyl deprotection was performed by classic hydrogenolysis method 

with 10 % Pd/C in methanol affording DIMs 4a-4p (Figure 4.3F). All the DIMs were 

purified by column chromatography, and structural confirmation was carried out by 1H-, 

13C-NMR, and HR-ESI-MS. 

Scheme 4.3.1. Synthesis of biaryl conjugated DIMs 3a-3o and DIM-3aa 
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Figure 4.3E. Structures of biaryl conjugated DIMs 3a-3o 
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Scheme 4.3.2. Synthesis of diaryl ether conjugated DIMs 4a-4p 

 

4.3.5. Antiproliferative activity of DIM conjugates of biaryl/diaryl ethers 3a-3o and 4a-4p 

Antiproliferative activity of all the compounds in MDA-MB-231 cells was screened using 

MTT assay. The standard drug paclitaxel was used as the positive control. Results 

tabulated in table 4.3B indicated that MDA-MB-231 cells are more sensitive to the biaryl 

conjugated DIMs 3a-3o than diaryl ether conjugates 4a-4p. Biaryl conjugates 3g, 3i, 3j, 

and 3k reduced MDA-MB-231 cells proliferation in a concentration-dependent manner 

than DIM-1 and GI50 value was found to be in the range of 11-15 µM. The standard drug 

paclitaxel has a GI50 value of 34.5±0.219 nM in MDA-MB-231 cells. From the library 

inhand, it is very clear that the halo substitutions (3g, 3i, 3j, 3k) are found to be more 

active over other substituents. Unfortunately, the halo substituted derivatives 3g, 3i, 3j 

and 3k were toxic against normal cell line with GI50 values around 15 µM (Table 4.3C). 

Remaining derivatives exhibited GI50 values greater than 30µM. The results from MTT 

assay indicated that DIM conjugation with diaryl ether did not offer any significant 

improvement in the activity, while the biaryl conjugated compounds shows significant 

cytotoxicity towards normal cell line. 
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Figure 4.3F. Structures of diaryl ether conjugated DIMs 4a-4p. 
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Table 4.3B. Cytotoxic activity of DIM derivatives on MDA-MB-231 cell line 

Compound 
GI50 

 (MDA-MB-231) 
Compound 

GI50 

(MDA-MB-231) 

DIM-1 >50 DIM-4a 48.81 

DIM-3a 27.6±0.29 DIM-4b >50 

DIM-3b >50 DIM-4c >50 

DIM-3c 35.9±0.022 DIM-4d >50 

DIM-3d >50 DIM-4e >50 

DIM-3e >50 DIM-4f 49.25 

DIM-3f >50 DIM-4g >50 

DIM-3g 11.7±0.564 DIM-4h >50 

DIM-3h 37.7±0.858 DIM-4i >50 

DIM-3i 12.12±0.345 DIM-4j >50 

DIM-3j 13.66±0.276 DIM-4k 43.8±0.02 

DIM-3k 15.4±0.215 DIM-4l 48.1±0.14 

DIM-3l 30.6±0.43 DIM-4m >50 

DIM-3m 42.37±0.78 DIM-4n >50 

DIM-3n 30.5±0.55 DIM-4o 42.3±0.21 

DIM-3o >50 DIM-4p >50 

DIM-3aa 8.27±0.233 Paclitaxel 34.5±0.219 nM 

Cytotoxicity of cells treated with different concentrations of DIM 3a-3o, 3aa and 4a-4p 

for 24 h was evaluated using MTT assay. Values represented are means, with standard 

deviations represented as ±. 

It is known that the nitrogen atom can act as a good hydrogen bond acceptor or donor, 

properties essential to render biological activity. A free amine functionality can be 

appended using the free –OH of DIM 3. The free –OH of DIM-3a was subjected to 

alkylation with alkyl iodide to offer DIM-9, followed by the -Boc group deprotection led 

to the formation of the corresponding alkylated DIM biaryl 3aa (Scheme 4.3.1) with 

terminal primary amine. We hypothesised that the presence of amphiphilic and primary 

amine functionality of DIM-3aa could improve the biological activity and also improve 

solubility due to salt formation of the primary amine. Cytotoxicity of DIM-3aa was 

evaluated using MDA-MB-cell line, and the result showed better activity than the parent 

DIM-1 with a GI50 value of 8.27±0.233. Interestingly, DIM-3aa was found to be non-

toxic to normal cells up to 20 µM. Also, we have observed morphological changes 

associated with the cells upon treatment with DIM-3aa using phase contrast microscopy. 
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DIM-3aa caused significant morphological changes in the treated cell line, like rounding 

up of cells and membrane breakage, while untreated cells were seen spread and flattened. 

Similar changes were observed with the drug paclitaxel also. The results are given in 

figure 4.3G. 

Table 4.3C. Cytotoxic activity of DIM derivatives on L6 cell line 

Compound 
GI50 

 (L6) µM 
Compound 

GI50 

(L6) µM 

DIM-1 >50  DIM-4a 33.7±0.11 

DIM-3a >50 DIM-4b >50 

DIM-3b >50 DIM-4c >50 

DIM-3c >50 DIM-4d >50 

DIM-3d >50 DIM-4e 51.8±401 

DIM-3e >50 DIM-4f 37.0±0.407 

DIM-3f >50 DIM-4g 35.4±0.152 

DIM-3g 33.3±0.363 DIM-4h >50 

DIM-3h >50 DIM-4i 44.7±0.11 

DIM-3i 23.7±0.489 DIM-4j >50 

DIM-3j 17.8±0.954 DIM-4k >50 

DIM-3k 16.3±0.375 DIM-4l >50 

DIM-3l >50 DIM-4m >50 

DIM-3m >50 DIM-4n 39.3±0.308 

DIM-3n >50 DIM-4o 35.9±0.484 

DIM-3o >50 DIM-4p >50 

DIM-3aa 25.9±0.364   

Cells were treated with different concentrations of DIM 3a-3o, 3aa and 4a-4p for 24 h 

and the cytotoxicity was evaluated using MTT assay. Values represented are means, with 

standard deviations represented as ±. 
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Figure 4.3G. Morphology of MDA-MB-231 and L6 cells treated with DIM-3aa 

4.4. Conclusions 

We have designed and synthesized a new class of DIM-ortho-biaryl (DIM) hybrid motif 

and its derivatives and evaluated the anticancer activity against HeLa and MDA-MB-231 

cells. From the first library, DIM-2a and 2d induced a concentration-dependent 

cytotoxicity towards both HeLa and MDA-MB-231 cell lines with low GI50. Lower GI50 

values (below 10 µM) indicate a high toxicity potential. DIM biaryl conjugates 3a-3o 

with halo substitutions in the indole ring 3g, 3i, 3j and 3k showed significant cytotoxicity 

in MDA-MB-cells but they are found to be toxic against normal L6 cells. The DIM diaryl 

ether conjugates 4a-p were found to be not effective against MDA-MB-231 cells. 

Interestingly, the primary amine appended DIM-3aa exhibited significant cytotoxicity in 

MDA-MB-231 cells and was found to be non-toxic to L6 normal cells up to 20 µM, 

warranting further detailed pharmacological studies. Interestingly, DIM-2a, 2d and 3aa 

are more active than the parent DIM-1 in both HeLa and MDA-MB-231 cells. 

4.5. Experimental section  

4.5.1. General information  

Reagents and solvents were purchased as reagent grade and were used without further 

purification. Silica gel G-60 F254 aluminum TLC was used to monitor the reactions while 

short/long wavelength lamps and iodine staining technique catered to the visualization of 

compounds. Column chromatography was performed using silica gel 100-200 mesh and 

neutral alumina. 1H and 13C NMR were recorded on a Bruker Avance II spectrometer at 

500 and 125 MHz, respectively using CDCl3, CD3OD, (CD3)2CO or (CD3)2SO as 



 

179 
 

solvents. Data are reported as follows: chemical shift in ppm (δ), multiplicity (s = singlet, 

d = doublet, t = triplet, q = quartet, bs = broad singlet, m = multiplet), coupling constant 

(Hz) and integration. HR-ESI-MS analysis was recorded on a Thermo Scientific 

Exactive-LCMS instrument by electrospray ionization method with ions given in m/z 

using Orbitrap analyzer. 

4.5.2. Procedure for the synthesis of di(1H-indol-3-yl)methane (1)23 

Anhydrous InCl3 (66 mg, 0.3 mmol, 0.1 equiv) was added to a solution of indole (350 

mg, 3 mmol, 1 equiv) and hexamethylenetetramine (HMTA) (35 mg, 0.25 mmol, 0.08 

equiv) in dry i-PrOH (5 mL). The reaction mixture turned turbid after a few minutes and 

stirred at room temperature for 8 h. Water (10 mL) was added to the reaction mixture 

followed by heating at 80 C for 30 min, and extracted with CHCl3 (25 mL). The organic 

layer was dried over anhydrous Na2SO4 and the solvent removed to give a solid mass. 

Column chromatography of the residue over silica gel using increasing concentrations of 

chloroform in petroleum ether yielded 1 as a white solid. 

4.5.3. General procedure for the synthesis of biaryl conjugated DIM (2a-2l) 

To a solution of pertinent biaryl-2-carbaldehyde (1 equiv) in ethanol (1.5 mL) were added 

indole (2 equiv) and p-TsOH (cat.), and stirred at 80 C. After the complete conversion of 

the starting material, the reaction mixture was quenched with saturated aqueous NaHCO3 

(10 mL) and extracted with EtOAc (10 mL). The combined organic extracts were dried 

over anhydrous Na2SO4, concentrated and purified by column chromatography. 

4.5.4. General procedure for the synthesis of biaryl conjugated DIM (3a-3o) 

4.5.4A. 4-Hydroxycinnamaldehyde (5) 

Anhydrous AlCl3 (4.9 g, 37 mmol, 6 equiv) was added to a solution of 4-

methoxycinnamaldehyde (1 g, 6.16 mmol, 1 equiv) in dry DCM (8 mL) and stirred at 55 

C overnight. After completion of the starting material, as indicated by TLC, the reaction 

mixture was poured into ice-cold water, followed by extraction with EtOAc (50 mL x 3). 

The combined organic extracts were dried over anhydrous Na2SO4, concentrated and 

purified by column chromatography. 

4.5.4B. 4-Acetylcinnamaldehyde (6) 

To a solution of 4-hydroxycinnamaldehyde (0.75 g, 5.06 mmol) in pyridine (7 mL), was 

added acetic anhydride (3.5 mL), and stirred at room temperature. After overnight 

stirring, the reaction mixture was quenched with saturated aqueous NaHCO3 and 
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extracted with EtOAc (30 mL x 2). The combined EtOAc extracts were washed two times 

with water and dried over anhydrous Na2SO4, concentrated and purified by column 

chromatography. 

4.5.4C. Diethyl 4'-acetoxy-6-formyl-[1,1'-biphenyl]-2,4-dicarboxylate (7) 

To a solution of dienaminodiester (1 g, 3.95 mmol, 1 equiv) in CHCl3/MeCN (1:1) were 

added cinnamaldehyde 5 (2.25 g, 11.9 mmol, 3 equiv), allyl amine (0.9 mL, 11.9 mmol, 3 

equiv) and TFA (1 mL, 11.3 mmol, 3 equiv) in a sequential manner at room temperature. 

After immediate addition of TFA, the reaction mixture gives an intense red colour 

indicating the formation of trienamine. After complete consumption of the compound as 

visualized on TLC, the reaction mixture was quenched with saturated aqueous NaHCO3 

(20 mL) and extracted with DCM (1 x 20 mL). The organic layer was dried over 

anhydrous Na2SO4, concentrated and the crude mixture was subjected to flash column 

chromatography by eluting with DCM/hexane solvent system to afford the desired biaryl 

compound 7. 

4.5.4D. Diethyl 6-formyl-4'-hydroxy-[1,1'-biphenyl]-2,4-dicarboxylate (8) 

To a stirred solution of biaryl 7 in EtOH (2 mL) was added K2CO3 (1.5-2 equiv) at room 

temperature and the reaction mixture was stirred for 2-5 h. After complete conversion of 

the starting materials, the reaction mixture was diluted with EtOH. Filtration through a 

pad of activated Dowex resin, followed by removal of the solvents yielded the crude 

deacetylated biaryl compound 8. 

4.5.4E. Diethyl 6-(di(1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-dicarboxylate 

(3a-3o) 

To a solution of biaryl 8 (40 mg, 0.12 mmol, 1 equiv) in ethanol (1.5 mL) were added 

pertinent indole (0.24 mmol, 2 equiv) and p-TsOH (cat.), and stirred at room temperature. 

After complete conversion of the starting material, the reaction mixture was quenched 

with saturated aqueous NaHCO3 (10 mL) and extracted with EtOAc (10 mL x 1). The 

combined organic extracts were dried over anhydrous Na2SO4, concentrated and purified 

by column chromatography. 

4.5.5. Diethyl 4'-(2-((tert-butoxycarbonyl)amino)ethoxy)-6-(di(1H-indol-3-yl)methyl)-

[1,1'-biphenyl]-2,4-dicarboxylate (9) 

To a solution of DIM 3a (25 mg, 0.044, 1 equiv) in anhydrous DMF (1 mL), were added 

corresponding alkyl iodide (30 mg, 0.22 mmol, 5 equiv; synthesised from Boc-protected 

ethanolamine by reported procedure) and was stirred at room temperature until the 

conversion of the starting material was complete. The reaction mixture was quenched 
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with water and extracted with EtOAc (10 mL x 2). The combined organic layers was 

washed with water three times and dried over anhydrous Na2SO4. Filtration, evaporation, 

and purification by silica gel chromatography gave the alkylated DIM-9. 

4.5.6. Diethyl 4'-(2-aminoethoxy)-6-(di(1H-indol-3-yl)methyl)-[1,1'-biphenyl]-2,4-

dicarboxylate (3aa) 

To a stirred solution of DIM-9 (30 mg, 0.042 mmol, 1 equiv) in dry DCM (1 mL), was 

added TFA (0.42 mL, 0.42 mmol, 10 equiv) and stirred at room temperature overnight. 

After the full exhaustion of the starting material at room temperature, the solution was 

concentrated in vacuum and purified by silica gel chromatography. Elution with 

methanol/dichloromethane furnished the desired 3aa. 

4.5.7. N-benzyl-2-(2-(di(1H-indol-3-yl)methyl)phenoxy)-4-fluoroaniline (12) 

To a solution of diaryl ether 11 (35 mg, 0.11 mmol, 1 equiv; synthesised by reported 

procedure) in ethanol (1 mL) were added pertinent indole (0.22 equiv, 2 equiv), p-TsOH 

(cat.) and stirred at room temperature. After overnight reaction, the reaction mixture was 

quenched with saturated aqueous NaHCO3 (10 mL) and extracted with EtOAc (10 mL x 

1). The combined organic extracts were dried over anhydrous Na2SO4, concentrated and 

purified by column chromatography. 

4.5.8. 2-(2-(di(1H-indol-3-yl)methyl)phenoxy)-4-fluoroaniline (4) 

To a solution of compound 12 (45 mg, 0.04 mmol, 1 equiv) in EtOH (4 mL) was added 

35 mg of 10% Pd/C. H2 gas was purged into the reaction mixture for 2 min and was 

stirred overnight under an H2 atmosphere (balloon). After consumption of the starting 

material, the reaction mixture was diluted with MeOH (25 mL), filtered through a Celite 

pad, concentrated and purified by neutral alumina column chromatography. 

4.5.9. Cell Culture and Cytotoxicity Studies 

The constituents required for the cell culture namely, Dulbecco’s Modified Eagle 

Medium (DMEM), Fetal Bovine Serum (FBS), Trypsin-EDTA (10X), and Antibiotic and 

Antimycotic solution (100X) containing 100 µg/mL streptomycin and 100 units/L 

penicillin, were from HiMedia (Mumbai, India). Sterile cell culture flasks, multiwell 

plates, and cryo-vials were purchased from ThermoFisher Scientific (Waltham, MA, 

USA). Centrifuge tubes and microcentrifuge tubes were bought from Tarsons Product 

Pvt. Ltd. (Kolkata, India). 

Human cervical cancer cell (HeLa), Human breast cancer cells (MDA-MB-231) and rat 

skeletal myoblast cell line (L6) were from NCCS, Pune, India and rat cardiac 
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myofibroblasts (H9C2) was from ATCC. Cells were cultured in DMEM (Dulbecco’s 

modified Eagle’s medium) medium supplemented with 10 % FBS (fetal bovine serum), 

100 µg/mL streptomycin and 100 U/mL penicillin (Himedia, India), respectively and 

maintained in a humidified incubator supplied with 5% CO2 at 37°C. Cells were 

subcultured at regular time intervals (doubling time ~ 28 h). Monolayers of cells in 96 

well culture plates (1x104 cells/well) were used for cytotoxic studies using MTT 

(Himedia, India) assay.24 The samples were dissolved in DMSO (10 mM) and further 

diluted in the cell culture medium. Cells treated with different concentrations of DIMs 

and cisplatin/paclitaxel (positive control) for 24h were then used to compare the 

percentage of growth inhibition according to the following formula. 

% of growth inhibition = [1-absorbance of treated cells/absorbance of untreated cells] 

x100 

4.5.10. Morphological analysis by phase contrast microscopy 

Morphological changes associated with MDA-MB-231 cells upon treatment with or 

without cisplatin/paclitaxel and DIM derivatives for 24 h were observed using a phase 

contrast microscope attached to a camera (Nikon Eclipse TS-100, Nikon instruments Inc. 

Melville, USA). 
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4.5.11. Spectral details of products 

Figure 4.5A. 1H and 13C-NMR of DIM-1 
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Figure 4.5B. 1H and 13C-NMR of DIM-2a 
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Di(1H-indol-3-yl)methane (1) 

1H NMR (CDCl3, 500 MHz):  7.88 (bs, 2H), 7.64 (d, J = 8 Hz, 2H), 7.20 (t, J = 7.5 Hz, 

2H), 7.11 (d, J = 7.5 Hz, 2H), 6.93 (s, 2H), 4.26 (s, 2H); 13C NMR(CDCl3, 125 MHz):  

136.5, 127.6, 122.2, 121.9, 119.3, 119.2, 115.7, 111.1, 21.2; HR-ESI-MS: m/z calcd for 

C17H13N2
+: 245.1073 [M - H]+; found: 245.1081. 

Diethyl-6-(di(1H-indol-3-yl)methyl)biphenyl-2,4-dicarboxylate (2a) 

1H NMR (CDCl3, 500 MHz) δ 0.93 (t, 3H, J = 7 Hz), 1.38 (t, 3H, J = 7 Hz), 4.02 (q, 2H, 

J = 7 Hz), 4.36 (q, 2H, J = 7 Hz), 5.70 (s, 1H), 6.38 (s, 2H), 6.95 (t, 2H, J = 7 Hz), 7.07 

(d, 2H, J = 8 Hz), 7.16 (t, 4H, J = 6.5 Hz), 7.26 (m, 5H), 8.03 (s, 2H), 8.19 (s, 1H), 8.34 

(s, 1H); 13C NMR (CDCl3, 125 MHz) δ 13.6, 14.2, 36.3, 61.1, 61.5, 111.1, 118.9, 119.5, 

121.7, 124.2, 126.5, 127.5, 127.8, 128.1, 128.5, 129.2, 132.6, 133.3, 136.7, 138.6, 144.0, 

145.1, 166.5, 168.4; HR-ESI-MS: m/z calcd for C35H30N2O4Na: 565.2103 [M + Na]+; 

found: 565.2104. 

Diethyl-6-(di(1H-indol-3-yl)methyl)-4'-methylbiphenyl-2,4-dicarboxylate (2b) 

1H NMR (CDCl3, 500 MHz) δ 0.97 (t, 3H, J = 7 Hz), 1.36 (t, 3H, J = 7 Hz), 2.33 (s, 3H), 

4.05 (q, 2H, J = 7 Hz), 4.34 (q, 2H, J = 7 Hz), 5.75 (s, 1H), 6.45 (s, 2H), 6.94 (t, 2H, J = 7 

Hz), 7.06 (m, 4H), 7.08 (d, 2H, J = 8 Hz), 7.14 (t, 2H, J = 7 Hz), 7.28 (d, 2H, J = 7.5 Hz), 

8.04 (s, 2H), 8.17 (d, 1H, J = 2 Hz), 8.29 (d, 1H, J = 2 Hz); 13C NMR (CDCl3, 125 MHz) 

δ 13.6, 14.2, 21.3, 36.2, 61.1, 61.3, 111.1, 118.8, 119.0, 119.6, 121.7, 124.1, 126.5, 127.9, 

128.4, 128.5, 129.0, 132.6, 133.5, 135.5, 136.7, 137.2, 144.1, 145.2, 166.5, 168.5; HR-

ESI-MS: m/z calcd for C36H32N2O4Na: 579.2259 [M + Na]+; found: 579.2269. 
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Figure 4.5C. 1H and 13C-NMR of DIM-2d 
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Diethyl-2'-bromo-6-(di(1H-indol-3-yl)methyl)biphenyl-2,4-dicarboxylate (2c) 

1H NMR (CDCl3, 500 MHz) δ 1.02 (t, 3H, J = 7 Hz), 1.34 (t, 3H, J = 7 Hz), 4.08 (q, 2H, 

J = 7 Hz), 4.34 (q, 2H, J = 7.5 Hz), 5.58 (s, 1H), 6.47 (s, 2H), 6.82 (dd, 1H, J = 7, 1.5 

Hz), 6.93 (m, 3H), 7.09 (m, 2H), 7.13 (m, 2H), 7.31 (t, 2H, J = 8 Hz), 7.39 (d, 1H, J = 8 

Hz), 7.55 (d, 1H, J = 8 Hz), 7.92 (s, 1H), 8.08 (s, 1H), 8.22 (d, 1H, J = 2 Hz), 8.53 (d, 1H, 

J = 1.5 Hz); 13C NMR (CDCl3, 125 MHz) δ 13.6, 14.2, 36.6, 61.2, 61.5, 111.0, 111.1, 

117.4, 118.9, 119.0, 119.3, 119.5, 119.8, 121.7, 121.8, 123.1, 124.2, 124.9, 126.4, 126.5, 

126.6, 128.9, 129.2, 129.9, 130.5, 132.2, 132.3, 133.0, 136.5, 136.7, 139.3, 144.5, 144.6, 

166.5, 166.9; HR-ESI-MS: m/z calcd for C35H29BrN2O4Na: 643.1208 [M + Na]+; found: 

643.1223. 

Diethyl-4'-chloro-6-(di(1H-indol-3-yl)methyl)-2'-fluorobiphenyl-2,4-dicarboxylate 

(2d) 

1H NMR (CDCl3, 500 MHz) δ 1.09 (t, 3H, J = 7 Hz), 1.34 (t, 3H, J = 7 Hz), 4.13 (q, 2H, 

J = 7 Hz), 4.34 (q, 2H, J = 7.5 Hz), 5.60 (s, 1H), 6.42 (s, 1H), 6.44 (s, 1H), 6.76 (t, 1H, J 

= 8 Hz), 6.83 (dd, 1H, J = 8, 1.5 Hz), 6.95 (t, 2H, J = 7 Hz), 7.09 (m, 2H), 7.16 (m, 3H), 

7.30 (m, 2H), 7.89 (s, 1H), 8.06 (s, 1H), 8.16 (d, 1H, J = 1 Hz), 8.49 (d, 1H, J = 1.5 Hz); 

13C NMR (CDCl3, 125 MHz) δ 13.7, 14.3, 36.7, 61.3, 61.4, 111.0, 111.1, 117.7, 118.6, 

119.2, 119.3, 119.5, 121.9, 122.0, 124.1, 124.4, 126.4, 129.2, 130.4, 132.4, 132.9, 136.5, 

136.7, 138.4, 145.1, 166.1, 166.7; HR-ESI-MS: m/z calcd for C35H28ClFN2O4Na: 

617.1619 [M + Na]+; found: 617.1629. 

Diethyl-4'-cyano-6-(di(1H-indol-3-yl)methyl)biphenyl-2,4-dicarboxylate (2e) 

1H NMR (CDCl3, 500 MHz) δ 1.00 (t, 3H, J = 7 Hz), 1.37 (t, 3H, J = 7 Hz), 4.05 (q, 2H, 

J = 7 Hz), 4.37 (q, 2H, J = 7 Hz), 5.46 (s, 1H), 6.27 (d, 2H, J = 1.5 Hz), 6.96 (m, 4H), 

7.14 (t, 2H, J = 7.5 Hz), 7.21 (d, 2H, J = 8.5 Hz), 7.25 (d, 2H, J = 8 Hz), 7.48 (d, 2H, J = 

8 Hz), 8.06 (s, 2H), 8.16 (d, 1H, J = 1.5 Hz), 8.43 (d, 1H, J = 2 Hz); 13C NMR (CDCl3, 

125 MHz) δ 13.7, 14.2, 36.5, 61.4, 61.7, 111.3, 111.4, 118.2, 118.7, 119.0, 119.2, 122.0, 

124.2, 126.2, 128.9, 129.3, 130.2, 131.5, 132.1, 132.9, 136.6, 143.4, 144.0, 144.1, 166.2, 

167.1; HR-ESI-MS: m/z calcd for C36H29N3O4Na: 590.2055 [M + Na]+; found: 590.2066. 
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Diethyl-4-(5-bromothiophen-2-yl)-5-(di(1H-indol-3-yl)methyl)isophthalate (2f) 

1H NMR (CDCl3, 500 MHz) δ 1.12 (t, 3H, J = 7 Hz), 1.35 (t, 3H, J = 7 Hz), 4.17 (q, 2H, 

J = 7 Hz), 4.33 (q, 2H, J = 7 Hz), 5.90 (s, 1H), 6.31 (s, 2H), 6.50 (d, 1H, J = 3.5 Hz), 6.86 

(d, 1H, J = 3.5 Hz), 6.98 (t, 2H, J = 7.5 Hz), 7.15 (m, 4H), 7.27 (d, 2H, J =8 Hz), 8.03 (s, 

2H), 8.11 (d, 1H, J = 1.5 Hz), 8.28 (d, 1H, J = 1.5 Hz); 13C NMR (CDCl3, 125 MHz) δ 

13.7, 14.2, 36.5, 61.6, 61.7, 111.2, 112.8, 118.7, 119.1, 119.5, 121.9, 124.2, 126.4, 128.1, 

128.3, 129.6, 130.4, 132.5, 134.8, 136.7, 138.7, 139.8, 145.9, 166.1, 167.8; HR-ESI-MS: 

m/z calcd for C33H27BrN2O4SNa: 649.0772 [M + Na]+; found: 649.0800. 

Diethyl-6-(di(1H-indol-3-yl)methyl)-2'-ethynylbiphenyl-2,4-dicarboxylate (2g) 

1H NMR (CDCl3, 500 MHz) δ 0.97 (t, 3H, J = 7 Hz), 1.35 (t, 3H, J = 7 Hz), 2.96 (s, 1H), 

4.05 (m, 2H), 4.34 (q, 2H, J = 7 Hz), 5.54 (s, 1H), 6.21 (s, 1H), 6.38 (s, 1H), 6.78 (d, 1H, 

J = 7.5 Hz), 6.91 (m, 3H), 7.07 (m, 2H), 7.14 (m, 1H), 7.20 (m, 2H), 7.27 (d, 1H, J = 8 

Hz), 7.37 (d, 1H, J = 8 Hz), 7.51 (d, 1H, J = 8 Hz), 7.79 (s, 1H), 8.16 (s, 1H), 8.18 (d, 1H, 

J = 1.5 Hz), 8.50 (d, 1H, J = 1.5 Hz); 13C NMR (CDCl3, 125 MHz) δ 13.6, 14.3, 36.6, 

61.0, 61.4, 81.0, 82.3, 110.9, 111.1, 117.9, 118.7, 118.9, 119.4, 119.7, 119.9, 121.1, 

121.6, 121.7, 124.2, 124.6, 126.4, 126.5, 127.3, 127.8, 128.9, 129.0, 129.6, 132.5, 132.6, 

133.0, 136.5, 136.6, 141.7, 144.2, 144.5, 166.5, 167.2; HR-ESI-MS: m/z calcd for 

C37H30N2O4Na: 589.2103 [M + Na]+; found: 589.2116.   

Diethyl-9-(1H-indol-3-yl)-6,8-dimethoxy-9H-fluorene-2,4-dicarboxylate (2h) 

1H NMR (CDCl3, 500 MHz) δ 1.33 (t, 3H, J = 7 Hz), 1.50 (t, 3H, J = 7 Hz), 3.58 (s, 3H), 

3.91 (s, 3H), 4.32 (m, 2H), 4.55 (q, 2H, J = 7 Hz), 5.36 (s, 1H), 6.46 (d, 1H, J = 1.5 Hz), 

6.86 (m, 2H), 7.07 (t, 1H, J = 7.5 Hz), 7.12 (d, 1H, J = 1.5 Hz), 7.28 (d, 1H, J = 8.5 Hz), 

7.68 (d, 1H, J = 2 Hz), 8.00 (s, 1H), 8.09 (s, 1H), 8.41 (s, 1H); 13C NMR (CDCl3, 125 

MHz) δ 14.3, 14.4, 43.5, 55.5, 55.6, 61.2, 61.6, 110.9, 113.8, 119.2, 119.5, 121.7, 122.7, 

125.3, 126.4, 126.7, 128.5, 128.9, 129.5, 130.5, 136.4, 140.4, 149.1, 149.2, 151.2, 157.1, 

160.9, 167.9; HR-ESI-MS: m/z calcd for C29H28NO6: 486.1916 [M + H]+; found: 

486.1925. 
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Diethyl-5'-bromo-6-(di(1H-indol-3-yl)methyl)-2'-methoxybiphenyl-2,4-dicarboxylate 

(2i) 

1H NMR (CDCl3, 500 MHz) δ 1.03 (t, 3H, J = 7 Hz), 1.35 (t, 3H, J = 7 Hz), 3.56 (s, 3H), 

4.08 (m, 2H), 4.33 (m, 2H), 5.59 (s, 1H), 6.48 (s, 1H), 6.55 (s, 1H), 6.71 (d, 1H, J = 8.5 

Hz), 6.80 (d, 1H, J = 2.5 Hz), 6.95 (m, 2H), 7.12 (d, 1H, J = 8.5 Hz), 7.16 (m, 2H), 7.21 

(d, 1H, J = 8 Hz), 7.33 (m, 2H), 7.37 (m, 1H), 7.89 (s, 1H), 8.03 (s, 1H), 8.19 (d, 1H, J = 

1.5 Hz), 8.44 (d, 1H, J = 1.5 Hz); 13C NMR (CDCl3, 125 MHz) δ 13.7, 14.3, 36.9, 55.2, 

60.9, 61.2, 110.9, 111.0, 111.6, 112.2, 118.3, 118.7, 119.0, 119.3, 119.5, 121.7, 121.9, 

124.3, 126.4, 126.7, 127.6, 127.8, 128.4, 129.6, 129.8, 131.4, 132.5, 132.6, 132.7, 136.5, 

136.6, 141.1, 144.8, 155.5, 166.1, 167.2; HR-ESI-MS: m/z calcd for C36H31BrN2O5Na: 

673.1314 [M + Na]+; found: 673.1314. 

Diethyl-6-(di(1H-indol-3-yl)methyl)-2',6'-difluorobiphenyl-2,4-dicarboxylate (2j) 

1H NMR (CDCl3, 500 MHz) δ 1.08 (t, 3H, J = 7 Hz), 1.35 (t, 3H, J = 7 Hz), 4.15 (q, 2H, 

J = 7 Hz), 4.36 (q, 2H, J = 7 Hz), 5.71 (s, 1H), 6.37 (s, 2H), 6.72 (t, 2H, J = 7.5 Hz), 6.94 

(t, 2H, J = 7.5 Hz), 7.13 (t, 3H, J = 7.5 Hz), 7.21 (d, 2H, J = 7.5 Hz), 7.27 (d, 2H, J = 8 

Hz), 7.96 (s, 2H), 8.16 (d, 1H, J = 1.5 Hz), 8.59 (d, 1H, J = 2 Hz); 13C NMR (CDCl3, 125 

MHz) δ 13.7, 14.2, 36.9, 61.2, 61.4, 110.7, 110.9, 117.6, 119.0, 119.2, 121.7, 124.4, 

126.6, 129.5, 129.6, 130.7, 132.5, 132.8, 134.1, 136.5, 145.9, 158.7, 160.7, 166.1, 166.3; 

HR-ESI-MS: m/z calcd for C35H28F2N2O4Na: 601.1914 [M + Na]+; found: 601.1923. 

Diethyl-3'-bromo-6-(di(1H-indol-3-yl)methyl)-4'-hydroxy-5'-methoxybiphenyl-2,4-

dicarboxylate (2k) 

1H NMR (CDCl3, 500 MHz) δ 1.08 (t, 3H, J = 7 Hz), 1.36 (t, 3H, J = 7 Hz), 2.96 (s, 3H), 

4.12 (m, 2H), 4.34 (q, 2H, J = 7 Hz), 5.70 (s, 1H), 5.90 (bs, 1H), 6.35 (d, 1H, J = 1.5 Hz), 

6.50 (s, 1H), 6.59 (d, 1H, J = 1 Hz), 6.96 (m, 2H), 7.04 (m, 2H), 7.14 (m, 3H), 7.30 (m, 

2H), 7.92 (s, 1H), 8.16 (s, 2H), 8.29 (d, 1H, J = 1.5 Hz); 13C NMR (CDCl3, 125 MHz) δ 

13.9, 14.3, 36.4, 55.2, 61.4, 107.7, 111.0, 111.1, 118.6, 119.1, 119.4, 119.6, 122.3, 124.1, 

126.4, 129.6, 131.2, 132.2, 133.6, 136.6, 136.7, 142.6, 143.1, 144.4, 146.4, 166.1, 168.2; 

HR-ESI-MS: m/z calcd for C36H31BrN2O6Na: 689.1263 [M + Na]+; found: 689.1252. 
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Diethyl 5-(di(1H-indol-3-yl)methyl)-4-(5-iodofuran-2-yl)isophthalate (2l) 

1H NMR (CDCl3, 500 MHz) δ 1.22 (t, 3H, J = 7 Hz), 1.34 (t, 3H, J = 7 Hz), 4.24 (q, 2H, 

J = 7 Hz), 4.33 (q, 2H, J = 7 Hz), 6.01 (d, 2H, J = 3 Hz), 6.36 (s, 2H), 6.48 (d, 1H, J = 3.5 

Hz), 7.00 (t, 2H, J = 7.5 Hz), 7.16 (m, 4H), 7.29 (d, 2H, J = 8 Hz), 8.04 (s, 2H), 8.16 (d, 

1H, J = 1.5 Hz), 8.31 (d, 1H, J = 1.5 Hz); 13C NMR (CDCl3, 125 MHz) δ 14.1, 14.2, 36.4, 

61.5, 61.7, 88.2, 111.2, 114.0, 118.5, 119.2, 119.5, 121.9, 122.0, 124.0, 126.4, 128.5, 

130.3, 132.2, 132.9, 133.7, 136.7, 144.3, 154.5, 166.0, 168.0; HR-ESI-MS: m/z calcd for 

C33H27IN2O5Na: 681.0862 [M + Na]+; found: 681.0861. 

(E)-3-(4-hydroxyphenyl)acrylaldehyde (5) 

1H NMR (CDCl3, 500 MHz):  9.64 (d, J = 8 Hz, 1H), 7.49 (d, J = 8.5 Hz, 1H), 7.43 (d, J 

= 15.5 Hz, 1H), 6.90 (d, J = 9 Hz, 1H), 6.61 (dd, J = 16, 8 Hz, 1H), 5.89 (bs, 1H); 13C 

NMR (CDCl3, 125 MHz):  194.1, 158.7, 153.1, 130.7, 126.9, 126.4, 116.2; HR-ESI-MS: 

m/z calcd for C9H9O2: 149.0603 [M + H]+; found: 149.0604. 

(E)-4-(3-oxoprop-1-en-1-yl)phenyl acetate (6) 

1H NMR (CDCl3, 500 MHz):  9.70 (d, J = 7.5 Hz, 1H), 7.60 (d, J = 8.5 Hz, 2H), 7.47(d, 

J = 16 Hz, 1H), 7.18 (d, J = 8.5 Hz, 2H), 6.68 (dd, J = 16, 7.5 Hz, 1H), 2.33 (s, 3H); 13C 

NMR (CDCl3, 125 MHz):  193.6, 169.1, 152.8, 151.6, 131.7, 129.7, 128.7, 122.4, 21.2; 

HR-ESI-MS: m/z calcd for C11H9O3
+: 189.0546 [M - H]+; found: 189.0394. 

Diethyl 4'-acetoxy-6-formyl-[1,1'-biphenyl]-2,4-dicarboxylate (7) 

1H NMR (CDCl3, 500 MHz):  9.81 (s, 1H), 8.75 (d, J = 2 Hz, 1H), 8.69 (d, J = 2 Hz, 

1H), 7.30 (d, J = 8.5 Hz, 2H), 7.21 (d, J = 8.5 Hz, 2H), 4.45 (q, J = 7 Hz, 2H), 4.08 (q, J = 

7 Hz, 2H), 2.34 (s, 3H), 1.44 (t, J = 7 Hz, 3H), 1.02 (t, J = 7 Hz, 3H); 13C NMR (CDCl3, 

125 MHz):  190.6, 169.1, 166.7, 164.7, 151.0, 147.6, 135.1, 135.134.0, 132.7, 131.1, 

130.7, 130.5, 121.5, 61.8, 61.8, 21.2, 14.3, 13.6; HR-ESI-MS: m/z calcd for C21H20NaO7: 

407.1107 [M + Na]+; found: 407.1105. 
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Figure 4.5D. 1H and 13C-NMR of DIM-3a 
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Diethyl 6-formyl-4'-hydroxy-[1,1'-biphenyl]-2,4-dicarboxylate (8) 

1H NMR (CDCl3, 500 MHz):  9.81 (s, 1H), 8.72 (d, J = 2 Hz, 1H), 8.63 (d, J = 1.5 Hz, 

1H), 7.14 (d, J = 8 Hz, 2H), 6.89 (d, J = 8.5 Hz, 2H), 4.45 (q, J = 7 Hz, 2H), 4.14 (q, J = 7 

Hz, 2H), 2.34 (s, 3H), 1.43 (t, J = 7 Hz, 3H), 1.09 (t, J = 7 Hz, 3H); 13C NMR (CDCl3, 

125 MHz): 191.4, 167.3, 165.0, 156.6, 148.6, 135.3, 134.8, 134.1, 131.0, 130.9, 130.1, 

129.4, 126.8, 115.3, 61.9, 61.8, 14.3, 13.8; HR-ESI-MS: m/z calcd for C19H18NaO6: 

365.1001 [M + Na]+; found: 365.1001.  

Diethyl 6-(di(1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-dicarboxylate 

(3a) 

1H NMR (CDCl3, 500 MHz):  8.26 (d, J = 2 Hz, 1H), 8.13 (d, J = 2 Hz, 1H), 7.94 (d, J = 

1.5 Hz, 2H), 7.17 (d, J = 8 Hz, 2H), 7.11 (d, J = 7.5 Hz, 1H), 7.06 (d, J = 8 Hz, 2H), 6.93 

(m, 4H), 6.62 (d, J = 7.5 Hz, 2H), 6.13 (d, J = 1.5 Hz, 2H), 5.70 (s, 1H), 4.36 (q, J = 7 Hz, 

2H), 4.11 (q, J = 7 Hz, 2H), 1.37 (t, J = 7 Hz, 3H), 1.07 (t, J = 7 Hz, 3H); 13C NMR 

(CDCl3, 125 MHz):  169.2, 166.8, 155.6, 144.8, 144.3, 136.7, 133.8, 132.8, 130.2, 

129.9, 128.9, 127.6, 126.5, 124.3, 121.7, 119.6, 118.9, 114.9, 111.2, 61.6, 61.5, 36.2, 

14.3, 13.9; HR-ESI-MS: m/z calcd for C35H30N2NaO5: 581.2052 [M + Na]+; found: 

581.2049. 

Diethyl 6-(bis(1-methyl-1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-

dicarboxylate (3b) 

1H NMR (CDCl3, 500 MHz):  8.27 (d, J = 2 Hz, 1H), 8.22 (d, J = 1.5 Hz, 1H), 7.26 (d, J 

= 8 Hz, 2H), 7.17 (t, J = 7 Hz, 2H), 7.08 (d, J = 8 Hz, 2H), 7.03 (d, J = 8.5 Hz, 2H), 6.93 

(t, J = 7 Hz, 2H), 6.66 (d, J = 8.5 Hz, 2H), 1.89 (s, 2H), 5.79 (s, 1H), 4.33 (q, J = 7 Hz, 

2H), 4.07 (q, J = 7 Hz, 2H), 3.67 (s, 6H), 1.35 (t, J = 7 Hz, 3H), 1.03 (t, J = 7 Hz, 3H); 

13C NMR (CDCl3, 125 MHz):  168.9, 166.2, 155.4, 144.7, 144.6, 137.4, 133.6, 132.7, 

130.6, 130.0, 129.2, 128.7, 127.0, 121.5, 119.7, 118.6, 117.8, 114.9, 109.0, 61.3, 61.2, 

36.2, 32.7, 14.3, 13.8; HR-ESI-MS: m/z calcd for C37H34N2NaO5: 609.2365 [M + Na]+; 

found: 609.2359. 
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Diethyl 6-(bis(2-methyl-1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-

dicarboxylate (3c) 

1H NMR (CDCl3, 500 MHz):  8.33 (d, J = 1.5 Hz, 1H), 8.28 (d, J = 1.5 Hz, 1H), 7.74 (s, 

2H), 7.10 (d, J = 8 Hz, 2H), 6.98 (t, J = 7 Hz, 2H), 6.83 (m, 4H), 6.69 (d, J = 8.5 Hz, 2H), 

6.52 (d, J = 8.5 Hz, 2H), 5.72 (s, 1H), 4.29 (q, J = 7 Hz, 2H), 4.00 (q, J = 7 Hz, 2H), 1.70 

(s, 6H), 1.29 (t, J = 7 Hz, 3H), 0.98 (q, J = 7 Hz, 3H); 13C NMR (CDCl3, 125 MHz):  

168.6, 166.3, 155.1, 146.0, 144.6, 135.0, 133.6, 133.3, 132.3, 130.5, 129.5, 128.9,128.8, 

128.2, 120.5, 119.1, 118.8, 114.4, 112.5, 110.2, 61.3, 61.2, 37.2, 14.2, 13.8, 12.0; HR-

ESI-MS: m/z calcd for C37H34N2NaO5: 609.2365 [M + Na]+; found: 609.2361. 

Diethyl 6-(bis(5-methyl-1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-

dicarboxylate (3d) 

1H NMR (CDCl3, 500 MHz):  8.26 (d, J = 1.5 Hz, 1H), 8.15 (d, J = 1.5 Hz, 1H), 7.82 (s, 

2H), 7.08 (d, J = 8 Hz, 2H), 6.98 (d, J = 8.5 Hz, 1H), 6.93 (d, J = 8 Hz, 2H), 6.87 (s, 2H), 

6.65 (d, J = 8.5 Hz, 2H), 6.19 (s, 2H), 5.67 (s, 1H), 4.36 (q, J = 7 Hz, 2H), 4.11 (q, J = 7 

Hz, 2H), 2.31 (s, 6H), 1.37 (t, J = 7 Hz, 3H), 1.07 (t, J = 7 Hz, 3H); 13C NMR (CDCl3, 

125 MHz):  169.2, 166.7, 155.7, 144.7, 144.5, 135.0, 133.7, 133.0, 130.3, 130.0, 128.9, 

128.0, 127.6, 126.8, 124.4, 123.3, 119.3, 118.5, 114.9, 110.9, 61.6, 61.5, 36.2, 21.4, 14.3, 

13.9; HR-ESI-MS: m/z calcd for C37H34N2NaO5: 609.2365 [M + Na]+; found: 609.2282. 

Diethyl 6-(bis(6-methyl-1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-

dicarboxylate (3e) 

1H NMR ((CD3)2CO, 500 MHz):  9.89 (s, 2H), 8.51 (bs, 1H), 8.22 (d, J = 2 Hz, 1H), 

8.15 (d, J = 2 Hz, 1H), 7.17 (s, 2H), 7.05 (d, J = 8.5 Hz, 2H), 6.95 (d, J = 1.5 Hz, 1H), 

6.95 (d, J = 8 Hz, 2H), 6.78 (d, J = 9 Hz, 2H), 6.69 (dd, J = 8, 1 Hz, 2H), 6.64 (d, J = 2.5 

Hz, 2H), 5.81 (s, 1H), 4.27 (q, J = 7 Hz, 2H), 4.00 (q, J = 7 Hz, 2H), 2.35 (s, 6H), 1.28 (t, 

J = 7 Hz, 3H), 0.96 (t, J = 7 Hz, 3H); 13C NMR (CDCl3, 125 MHz):  169.2, 166.4, 

156.2, 144.8, 144.5, 137.2, 137.0, 133.7, 132.6, 131.4, 129.9, 128.9, 127.6, 124.5, 124.4, 

123.6, 123.4, 120.5, 119.2, 119.0, 118.9, 114.8, 111.0, 110.9, 61.2, 36.4, 21.6, 14.2, 13.7; 

HR-ESI-MS: m/z calcd for C37H34N2NaO5: 609.2365 [M + Na]+; found: 609.2284. 
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Diethyl 6-(bis(5-methoxy-1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-

dicarboxylate (3f) 

1H NMR (CDCl3, 500 MHz):  8.27 (d, J = 1.5 Hz, 1H), 8.17 (d, J = 2 Hz, 1H), 7.97 (d, J 

= 2 Hz, 2H), 7.09 (d, J = 9 Hz, 2H), 6.95 (d, J = 8.5 Hz, 2H), 6.76 (dd, J = 9, 2.5 Hz, 2H), 

6.64 (d, J = 8.5 Hz, 2H), 6.48 (d, J = 2.5 Hz, 2H), 6.33 (d, J = 1.5 Hz, 2H), 5.60 (s, 1H), 

4.35 (q, J = 7 Hz, 2H), 4.09 (q, J = 7 Hz, 2H), 3.65 (s, 6H), 1.36 (t, J = 7 Hz, 3H), 1.05 (t, 

J = 7 Hz, 3H); 13C NMR (CDCl3, 125 MHz):  169.0, 166.6, 155.7, 153.4, 144.7, 144.5, 

133.5, 132.8, 131.9, 130.3, 129.9,129.0, 127.8, 126.9, 125.0, 118.6, 114.9, 111.8, 111.7, 

101.5, 61.5, 61.4, 55.9, 36.2, 14.3, 13.8; HR-ESI-MS: m/z calcd for C37H34N2NaO7: 

641.2264 [M + Na]+; found: 641.2262. 

Diethyl 6-(bis(4-bromo-1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-

dicarboxylate(3g) 

1H NMR ((CD3)2CO, 500 MHz):  10.42 (s, 1H), 10.35 (s, 1H), 8.29 (bs, 1H), 8.15 (d, J 

= 2 Hz, 1H), 7.92 (d, J = 2 Hz, 1H), 7.41 (s, 2H), 7.21 (s, 1H), 7.07 (m, 3H), 6.94 (m, 

2H), 6.87 (m,1H), 6.70 (s, 1H), 6.69 (s, 1H), 6.44 (s, 1H), 6.26 (s, 1H), 4.25 (q, J = 6.5 

Hz, 2H), 3.95 (q, J = 7 Hz, 2H), 1.27 (t, J = 7 Hz, 3H), 0.90 (t, J = 7 Hz, 3H); 13C NMR 

((CD3)2CO, 125 MHz):  168.5, 165.4, 156.8, 146.5, 145.0, 135.3, 131.5, 129.6, 128.5, 

127.1, 122.3, 114.2, 113.7, 110.9, 60.7, 60.5, 37.0, 13.6, 13.1; HR-ESI-MS: m/z calcd for 

C35H28Br2N2NaO5: 737.0263 [M + Na]+; found: 737.0162. 

Diethyl 6-(bis(5-bromo-1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-

dicarboxylate (3h) 

1H NMR ((CD3)2CO, 500 MHz):  10.37 (s, 2H), 8.63 (s, 1H), 8.20 (q, J = 1.5 Hz, 2H), 

7.40 (d, J = 8.5 Hz, 2H), 7.30 (d, J = 1.5 Hz, 2H), 7.19 (dd, J = 9, 1.5 Hz, 2H), 7.05 (d, J 

= 9 Hz, 2H), 6.87 (d, J = 1.5 Hz, 2H), 6.84 (d, J = 8.5 Hz, 2H), 5.82 (s, 1H), 4.30 (q, J = 7 

Hz, 2H), 4.03 (q, J = 7 Hz, 2H), 1.31 (t, J = 7 Hz, 3H), 0.99 (t, J = 7.5 Hz, 3H); 13C NMR 

((CD3)2CO, 125 MHz):  167.9, 165.1, 157.3, 144.5, 144.0, 135.9, 134.6, 131.8, 129.9, 

129.3, 129.2, 128.4, 127.4, 125.9, 124.2, 117.9, 114.8, 113.4, 111.6, 60.8, 60.7, 36.2, 

13.6, 13.2; HR-ESI-MS: m/z calcd for C35H27Br2N2O5
+: 713.0281 [M - H]+; found: 

713.0305. 
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Diethyl 6-(bis(6-bromo-1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-

dicarboxylate (3i) 

1H NMR ((CD3)2CO, 500 MHz):  10.26 (s, 2H), 8.51 (bs, 1H), 8.18 (d, J = 2 Hz, 1H), 

8.15 (d, J = 2 Hz, 1H), 7.60 (s, 2H), 7.00 (m, 6H), 6.78 (m, 4H), 5.82 (s, 1H), 4.27 (q, J = 

7 Hz, 2H), 4.00 (q, J = 7 Hz, 2H), 2.35 (s, 6H), 1.28 (t, J = 7 Hz, 3H), 0.96 (t, J = 7 Hz, 

3H); 13C NMR ((CD3)2CO, 125 MHz):  168.7, 166.0, 158.0, 145.5, 145.1, 138.9, 135.4, 

132.6, 130.8, 130.3, 130.1, 128.2, 126.5, 126.2, 122.6, 121.4, 119.5, 115.6, 115.5, 115.2, 

61.7, 61.5, 37.2, 14.5, 14.1; HR-ESI-MS: m/z calcd for C35H28Br2N2NaO5: 737.0263 [M 

+ Na]+; found: 737.0155. 

Diethyl 6-(bis(5-fluoro-1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-

dicarboxylate (3j) 

1H NMR ((CD3)2CO, 500 MHz):  10.22 (s, 2H), 8.53 (s, 1H), 8.20 (dd, J = 12, 2 Hz, 

2H), 7.40 (dd, J = 9, 4.5 Hz, 2H), 7.05 (d, J = 8.5 Hz, 2H), 6.86 (m, 4H), 6.81 (d, J = 8.5 

Hz, 2H), 6.71 (dd, J = 9.5, 2 Hz, 2H), 5.78 (s, 1H), 4.28 (q, J = 7 Hz, 2H), 4.01 (q, J = 7 

Hz, 2H), 1.29 (t, J = 7 Hz, 3H), 0.97 (t, J = 7 Hz, 3H); 13C NMR ((CD3)2CO, 125 MHz): 

 167.9, 165.1, 158.1, 157.2, 156.3, 144.6, 144.3, 134.6, 133.8, 131.8, 129.9, 129.5, 

129.2, 127.3, 126.9, 126.8, 126.3, 118.4, 118.3, 114.7, 112.5, 112.9, 109.7, 109.4, 103.6, 

103.4, 60.8, 60.6, 36.5, 13.6, 13.2; HR-ESI-MS: m/z calcd for C35H28F2N2NaO5: 

617.1864 [M + Na]+; found: 617.1779. 

Diethyl 6-(bis(6-chloro-1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-

dicarboxylate (3k) 

1H NMR ((CD3)2CO, 500 MHz):  10.25 (s, 2H), 8.50 (bs, 1H), 8.17 (dd, J = 10.5, 1.5 

Hz, 2H), 7.44 (d, J = 1.5 Hz, 2H), 7.03 (m, 4H), 6.88 (dd, J = 8.5, 2 Hz, 2H), 6.79 (m, 

4H), 5.82 (s, 1H), 4.27 (q, J = 7 Hz, 2H), 4.01 (q, J = 7 Hz, 2H), 1.28 (t, J = 7 Hz, 3H), 

0.96 (t, J = 7 Hz, 3H) ; 13C NMR ((CD3)2CO, 125 MHz):  167.9, 165.1, 157.1, 144.7, 

144.3, 137.6, 134.5, 131.7, 129.9, 129.4, 129.2, 127.3, 126.9, 125.4, 125.3, 120.1, 119.2, 

118.6, 114.7, 111.3, 60.8, 60.6, 36.3, 13.6, 13.2; HR-ESI-MS: m/z calcd for 

C35H28Cl2N2NaO5: 649.1273 [M + Na]+; found: 649.1274. 
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Diethyl 6-(bis(5-iodo-1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-

dicarboxylate (3l) 

1H NMR ((CD3)2CO, 500 MHz):  10.34 (s, 2H), 8.64 (s, 1H), 8.18 (m, 2H), 7.44 (s, 2H), 

7.34 (dd, J = 8.5, 2 Hz, 2H), 7.28 (d, J = 8.5 Hz, 2H), 7.04 (d, J = 8.5 Hz, 2H), 6.86 (d, J 

= 9 Hz, 2H), 6.82 (s, 2H), 5.80 (s, 1H), 4.28 (q, J = 7 Hz, 2H), 4.02 (q, J = 7 Hz, 2H), 

1.29 (t, J = 7 Hz, 3H), 0.97 (t, J = 7 Hz, 3H); 13C NMR ((CD3)2CO, 125 MHz):  167.9, 

165.1, 157.4, 144.4, 144.1, 136.3, 134.6, 131.9, 129.9, 129.7, 129.4, 129.3, 127.7, 127.4, 

125.4, 117.7, 114.9, 113.9, 81.7, 60.9, 60.7, 36.1, 13.6, 13.2; HR-ESI-MS: m/z calcd for 

C35H28I2N2NaO5: 832.9985 [M + Na]+; found: 832.9880. 

Diethyl 6-(bis(5-hydroxy-1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-

dicarboxylate (3m) 

1H NMR ((CD3)2CO, 500 MHz):  9.79 (s, 2H), 8.50 (bs, 1H), 8.19 (d, J = 1.5 Hz, 1H), 

8.16 (d, J = 2 Hz, 1H), 7.54 (s, 2H), 7.21 (d, J = 8 Hz, 2H), 7.06 (d, J = 8.5 Hz, 2H), 6.77 

(d, J = 8.5 Hz, 2H), 6.66 (dd J = 8.7, 2 Hz, 2H), 6.62 (d, J = 2 Hz, 2H), 6.51 (d, J = 2 Hz, 

2H), 5.66 (s, 1H), 4.27 (q, J = 7 Hz, 2H), 4.00 (q, J = 7 Hz, 2H), 1.29 (t, J = 7 Hz, 3H), 

0.96 (t, J = 7 Hz, 3H); 13C NMR ((CD3)2CO, 125 MHz):  169.0, 166.1, 157.9, 151.3, 

145.8, 145.5, 135.3, 132.9, 132.8, 130.8, 130.5, 129.8, 128.3, 127.9, 125.7, 118.6, 115.4, 

112.6, 112.4, 104.1, 61.6, 61.4, 37.6, 14.5, 14.1; HR-ESI-MS: m/z calcd for 

C35H30N2NaO7: 613.1951 [M + Na]+; found: 613.1866. 

Diethyl 6-(bis(5-nitro-1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-

dicarboxylate (3n) 

1H NMR ((CD3)2CO, 500 MHz):  10.90 (s, 2H), 8.59 (bs, 1H), 8.22 (dd, J = 10.5, 2 Hz, 

2H), 8.13 (d, J = 2 Hz, 2H), 8.03 (dd, J = 9, 2.5 Hz, 2H), 7.62 (d, J = 9 Hz, 2H), 7.16 (s, 

2H), 7.11 (d, J = 8.5 Hz, 2H), 6.85 (d, J = 8.5 Hz, 2H), 6.08 (s, 1H), 4.29 (q, J = 7 Hz, 

2H), 4.05 (q, J = 7 Hz, 2H), 1.29 (t, J = 7 Hz, 3H), 1.00 (t, J = 7 Hz, 3H); 13C NMR 

((CD3)2CO, 125 MHz):  167.7, 164.9, 157.4, 144.7143.5, 141.2, 140.2, 134.7, 131.7, 

129.9, 129.5, 129.2, 128.1, 127.7, 125.8, 120.5, 117.0, 115.9, 114.9, 112.0, 60.9, 60.7, 

36.1, 13.6, 13.2; HR-ESI-MS: m/z calcd for C35H28N4NaO9: 671.1754 [M + Na]+; found: 

671.1661. 
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Figure 4.5E. 1H and 13C-NMR of DIM-3aa 
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Figure 4.5F. 1H and 13C-NMR of DIM-4a 
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Diethyl 6-(bis(2-phenyl-1H-indol-3-yl)methyl)-4'-hydroxy-[1,1'-biphenyl]-2,4-

dicarboxylate (3o) 

1H NMR ((CD3)2SO, 500 MHz):  10.85 (bs, 1H), 10.54 (bs, 1H), 8.69 (s, 1H), 7.84 (d, J 

= 2 Hz, 1H), 7.61 (d, J = 2 Hz, 1H), 6.90 (m, 6H), 6.75 (m, 4H), 6.56 (m, 4H), 6.39 (m, 

4H), 6.18 (m, 6H), 5.73 (m, 2H), 5.46 (s, 1H), 5.09 (bs, 1H), 3.77 (m, 2H), 3.38 (q, J = 7 

Hz, 2H), 0.74 (t, J = 7 Hz, 3H), 0.31 (t, J = 7 Hz, 3H); 13C NMR ((CD3)2CO, 125 MHz): 

 168.5, 166.0, 157.0, 146.7, 146.6, 135.7, 133.7, 129.7, 129.5, 129.1, 128.2, 119.7, 

114.5, 111.9, 61.4, 61.0, 39.4, 14.2, 13.8; HR-ESI-MS: m/z calcd for C47H38N2NaO5: 

733.2678 [M + Na]+; found: 733.2572. 

Diethyl 4'-(2-((tert-butoxycarbonyl)amino)ethoxy)-6-(di(1H-indol-3-yl)methyl)-[1,1'-

biphenyl]-2,4-dicarboxylate (9) 

1H NMR (CDCl3, 500 MHz):  8.28 (d, J = 1.5 Hz, 1H), 8.16 (d, J = 1.5 Hz, 1H), 8.00 

(bs, 2H), 7.30 (d, J = 8 Hz, 2H), 7.14 (d, J = 7.5 Hz, 2H), 7.07 (dd, J = 8, 2 Hz, 4H), 6.94 

(d, J = 7.5 Hz, 2H), 6.76 (d, J = 8.5 Hz, 2H), 6.50 (s, 2H), 5.74 (s, 1H), 4.99 (bs, 1H), 

4.32 (q, J = 7.5 Hz, 2H), 4.06 (q, J = 7 Hz, 2H), 3.96 (t, J = 4.5 Hz, 2H), 3.51 (q, J = 5 

Hz, 2H), 1.45 (s, 9H), 1.34 (t, J = 7 Hz, 3H), 1.02 (t, J = 7 Hz, 3H); 13C NMR (CDCl3, 

125 MHz):  168.5, 166.5, 158.0, 156.0, 144.7, 144.3, 136.7, 133.6, 132.6, 131.2, 129.9, 

129.1, 128.0, 126.5, 124.2, 121.8, 119.6, 119.1, 119.0, 113.9, 111.1, 79.6, 67.1, 61.4, 

61.2, 40.1, 36.3, 28.4, 14.3, 13.9; HR-ESI-MS: m/z calcd for C42H43N3NaO7: 724.2999 

[M + Na]+; found: 724.3009. 

Diethyl 4'-(2-aminoethoxy)-6-(di(1H-indol-3-yl)methyl)-[1,1'-biphenyl]-2,4-

dicarboxylate (3aa) 

1H NMR (CD3OD, 500 MHz):  8.20 (d, J = 2 Hz, 1H), 8.12 (d, J = 2 Hz, 1H), 7.31 (d, J 

= 8 Hz, 2H), 7.09 (d, J = 9 Hz, 2H), 7.03 (t, J = 8 Hz, 2H), 6.95 (d, J = 8 Hz, 2H), 6.90 (d, 

J = 9 Hz, 2H), 6.81 (t, J = 7.5 Hz, 2H), 6.55 (s, 2H), 5.68 (s, 1H), 4.62 (bs, 2H), 4.28 (q, J 

= 7 Hz, 2H), 4.15 (t, J = 4.5 Hz, 2H), 4.01 (q, J = 7 Hz, 2H), 3.28 (m, 2H), 1.29 (t, J = 7 

Hz, 3H), 0.98 (t, J = 7 Hz, 3H); 13C NMR (CD3OD, 125 MHz):  168.7, 165.9, 157.7, 

145.1, 144.4, 137.1, 133.6, 132.1, 131.8, 129.8, 129.0, 127.2, 126.4, 123.9, 121.0, 118.5, 

118.2, 118.1, 113.6, 110.9, 64.4, 61.0, 60.9, 39.0, 36.5, 13.1, 12.7; HR-ESI-MS: m/z calcd 

for C37H35N3NaO5: 624.2474 [M + Na]+; found: 624.2482. 
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2-(2-(Di(1H-indol-3-yl)methyl)phenoxy)-4-fluoroaniline (4a) 

1H NMR (CDCl3, 500 MHz):  7.92 (bs, 2H), 7.38 (d, J = 8 Hz, 2H), 7.34 (d, J = 8.5 Hz, 

2H), 7.26 (m, 1H), 7.17 (m, 3H), 6.99 (m, 3H), 6.89 (dd, J = 8, 1 Hz, 1H), 6.71 (s, 1H), 

6.70 (s, 1H), 6.60 (dd, J = 7, 1.5 Hz, 2H), 6.51 (td, J = 9.5, 1.5 Hz, 1H), 6.27 (s, 1H), 3.29 

(bs, 2H); 13C NMR (CDCl3, 125 MHz):  156.7, 154.8, 153.8, 144.2, 144.1, 136.7, 134.4, 

134.1, 134.0, 130.3, 127.6, 127.0, 123.7, 123.6, 122.0, 119.8, 119.3, 118.8, 117.4, 116.2, 

116.1, 111.0, 110.2, 110.0, 106.4, 106.2, 33.4; HR-ESI-MS: m/z calcd for C29H21FN3O
+: 

446.1663 [M - H]+; found: 446.1681. 

2-(2-(Bis(1-methyl-1H-indol-3-yl)methyl)-4-chlorophenoxy)-4-fluoroaniline (4b)  

1H NMR ((CD3)2CO, 500 MHz):  7.34 (m, 4H), 7.23 (m, 2H), 7.13 (t, J = 7.5 Hz, 2H), 

6.92 (m, 3H), 6.83 (m, 2H), 6.75 (m, 2H), 6.65 (td, J = 8.5, 2.5 Hz, 1H), 6.43 (dd, J = 9.5, 

2.5 Hz, 1H), 6.36 (s, 1H), 4.12 (bs, 2H), 3.75 (s, 6H); 13C NMR ((CD3)2CO, 125 MHz):  

153.2, 152.9, 137.6, 137.2, 129.4, 128.4, 128.3, 127.6, 127.3, 121.4, 121.2, 119.4, 119.2, 

119.1, 118.6, 116.3, 115.6, 110.5, 109.4, 106.6, 33.1, 31.9; HR-ESI-MS: m/z calcd for 

C31H26FN3NaO: 498.1957 [M + Na]+; found: 498.1960. 

2-(2-(Bis(5-methyl-1H-indol-3-yl)methyl)phenoxy)-4-fluoroaniline (4c) 

1H NMR ((CD3)2CO, 500 MHz):  9.89 (bs, 2H), 7.31 (d, J = 7.5 Hz, 1H), 7.26 (d, J = 

8.5 Hz, 2H), 7.21 (t, J = 7 Hz, 1H), 7.15 (s, 2H), 7.02 (t, J = 7.5 Hz, 1H), 6.89 (m, 3H), 

6.78 (m, 3H), 6.65 (td, J = 8.5, 3 Hz, 1H), 6.48 (dd, J = 10, 3 Hz, 1H), 6.29 (s, 1H), 4.15 

(bs, 2H), 2.27 (s, 6H); 13C NMR ((CD3)2CO, 125 MHz):  154.1, 136.0, 135.6, 135.5, 

130.3, 130.1, 127.3, 127.2, 127.1, 127.0, 124.0, 123.9, 123.2, 122.9,122.8, 118.8,118.0, 

117.7, 117.6, 117.5,115.6, 115.5, 111.0, 109.9, 109.8, 105.9, 105.7, 32.8, 20.7; HR-ESI-

MS: m/z calcd for C31H26FN3NaO: 498.1958 [M + Na]+; found: 498.1967. 

2-(2-(Bis(6-methyl-1H-indol-3-yl)methyl)phenoxy)-4-fluoroaniline (4d) 

1H NMR ((CD3)2CO, 500 MHz):  9.86 (bs, 2H), 7.30 (dd, J = 7.5, 3 Hz, 1H), 7.22 (d, J 

= 8 Hz, 2H), 7.18 (m, 3H), 7.00 (t, J = 7.5 Hz, 1H), 6.84 (d, J = 8Hz, 1H), 6.74 (m, 6H), 

6.64 (td, J = 8.5, 3 Hz, 1H), 6.46 (dd, J = 9.5, 2,5 Hz, 1H), 6.30 (s, 1H), 4.14 (bs, 2H), 

2.36 (s, 6H); 13C NMR ((CD3)2CO, 125 MHz):  155.6, 154.3, 153.8, 143.6, 143.5, 137.7, 

136.1, 135.2, 130.5, 130.1, 128.2, 127.2, 126.9, 125.1, 123.2, 123.0, 120.2, 119.1, 118.9, 



 

201 
 

118.0, 117.0, 115.6, 111.2, 110.1, 109.9, 106.3, 106.1, 33.2, 20.9; HR-ESI-MS: m/z calcd 

for C31H26FN3NaO: 498.1958 [M + Na]+; found: 498.1962. 

2-(2-(Bis(5-methoxy-1H-indol-3-yl)methyl)phenoxy)-4-fluoroaniline (4e) 

1H NMR ((CD3)2CO, 500 MHz):  9.90 (bs, 2H), 7.34 (dd, J = 8, 2 Hz, 1H), 7.28 (d, J = 

9 Hz, 2H), 7.22 (td, J = 7.5, 1.5 Hz, 1H), 7.04 (td, J = 7.5, 1 Hz, 1H), 6.90 (dd, J = 8, 1 

Hz, 1H), 6.85 (s, 2H), 6.81 (s, 1H), 6.80 (s, 1H), 6.78 (dd, J = 9, 6 Hz, 1H), 6.72 (dd, J = 

8.5, 2.5 Hz, 2H), 6.63 (td, J = 8.5, 2.5 Hz, 1H), 6.46 (dd, J = 10, 3 Hz, 1H), 6.24 (s, 1H), 

4.17 (bs, 2H), 3.61 (s, 6H); 13C NMR ((CD3)2CO, 125 MHz):  155.7, 154.1, 153.8, 

153.5, 143.9, 143.8, 135.9, 135.3, 132.3, 130.2, 127.4, 127.3, 124.7, 123.3, 117.7, 117.6, 

115.6, 111.9, 111.3, 109.9, 109.7, 105.7, 105.5, 101.1, 54.8, 33.2; HR-ESI-MS: m/z calcd 

for C31H26FN3NaO3: 530.1856 [M + Na]+; found: 530.1871. 

2-(2-(Bis(5-fluoro-1H-indol-3-yl)methyl)phenoxy)-4-fluoroaniline (4f) 

1H NMR ((CD3)2CO, 500 MHz):  10.19 (bs, 2H), 7.39 (dd, J = 8.5, 4.5 Hz, 2H), 7.30 

(dd, J = 7.5, 1.5 Hz, 1H), 7.04 (td, J = 7.5, 1 Hz, 1H), 6.99 (dd, J = 10, 2.5 Hz, 2H), 6.97 

(s, 2H), 6.86 (m, 3H), 6.77 (dd, J = 8.5, 5.5 Hz, 1H), 6.63 (d, J = 8.5, 3 Hz, 1H), 6.40 (dd, 

J = 9.5, 2.5 Hz, 1H), 6.28 (s, 1H), 4.23 (bs, 2H); 13C NMR ((CD3)2CO, 125 MHz):  

158.9, 157.1,  156.4, 155.2, 154.6, 144,3, 144.2, 136.9, 135.3, 134.6, 130.8, 130.7, 128.5, 

128.2, 128.1, 126.9, 126.8, 124.0, 118.7, 118.1, 116.5, 116.4, 113.2, 113.1, 113.0, 111.0, 

119.8, 110.3, 110.1, 107.0, 106.8, 104.8, 104.5, 34.0; HR-ESI-MS: m/z calcd for 

C29H19F3N3O
+: 482.1475 [M - H]+; found: 482.1492. 

2-(2-(Bis(6-chloro-1H-indol-3-yl)methyl)phenoxy)-4-fluoroaniline (4g) 

1H NMR ((CD3)2CO, 500 MHz):  10.23 (bs, 2H), 7.43 (s, 2H), 7.31 (d, J = 8.5 Hz, 2H), 

7.27 (d, J = 8 Hz, 1H), 7.22 (t, J = 8 Hz, 1H), 7.03 (d, J = 7.5 Hz, 1H), 6.88 (m, 5H), 6.76 

(dd, J = 8.5, 5.5 Hz, 1H), 6.63 (td, J = 3, 8.5 Hz, 1H), 6.40 (dd, J = 9.5, 2.5 Hz, 1H), 6.34 

(s, 1H), 4.19 (bs, 2H); 13C NMR ((CD3)2CO, 125 MHz):  154.3, 137.5, 136.1, 134.4, 

129.9, 127.6, 126.7, 125.8, 125.1, 123.2, 120.4, 119.0, 118.1, 117.2, 115.7, 115.6, 111.2, 

110.2, 110.0, 106.2, 106.0, 32.9; HR-ESI-MS: m/z calcd for C29H20Cl2FN3NaO: 538.0865 

[M + Na]+; found: 538.2076. 

  



 

202 
 

3,3'-((2-(2-Amino-5-fluorophenoxy)phenyl)methylene)bis(1H-indol-5-ol) (4h) 

1H NMR ((CD3)2CO, 500 MHz):  9.62 (bs, 2H), 7.40 (bs, 2H), 7.16 (dd, J = 7.5, 1.5 Hz, 

2H), 7.07 (d, J = 8.5 Hz, 2H), 7.04 (dd, J = 8.5, 2 Hz, 1H), 6.86 (td, J = 8, 1 Hz, 1H), 6.68 

(dd, J = 8.5, 1 Hz, 1H), 6.63 (m, 5H), 6.53 (dd, J = 8.5, 2 Hz, 2H), 6.50 (td, J = 8.5, 2.5 

Hz, 1H), 6.35 (d, J = 10, 3 Hz, 1H), 6.07 (s, 1H), 4.00 (bs, 2H); 13C NMR ((CD3)2CO, 

125 MHz):  155.6, 154.5, 150.4, 143.2, 136.3, 134.8, 132.0, 130.1, 127.9, 127.2, 124.5, 

122.8, 117.2, 116.4, 115.6, 111.6, 111.4, 110.2, 106.6, 103.5, 33.2; HR-ESI-MS: m/z 

calcd for C29H22FN3NaO3: 502.1543 [M + Na]+; found: 502.1544. 

2-(4-Chloro-2-(di(1H-indol-3-yl)methyl)phenoxy)-4-fluoroaniline (4i) 

1H NMR ((CD3)2CO, 500 MHz):  10.11 (bs, 2H), 7.41 (d, J = 8 Hz, 2H), 7.38 (d, J = 8 

Hz, 2H), 7.26 (d, J = 3 Hz, 1H), 7.21 (dd, J = 7.5, 2.5 Hz, 1H), 7.08 (t, J = 7.5 Hz, 2H), 

6.92 (t, J = 7.5 Hz, 2H), 6.92 (s, 2H), 6.83 (d, J = 8 .5Hz, 1H), 6.77 (dd, J = 8.5, 6.5 Hz, 

1H), 6.67 (td, J = 8.5, 3 Hz, 1H), 6.50 (dd, J = 9.5, 2.5 Hz, 1H), 6.40 (s, 1H), 4.15 (bs, 

2H); 13C NMR (CDCl3, 125 MHz):  156.6, 152.6, 143.6, 143.5, 136.7, 136.3, 134.2, 

130.0, 128.6, 127.6, 126.8, 123.7, 122.2, 119.6, 119.5, 118.4, 118.1, 116.5, 116.5, 111.1, 

110.8, 106.7, 106.5, 33.2; HR-ESI-MS: m/z calcd for C29H20ClFN3O
+: 480.1273 [M - 

H]+; found: 480.1295. 

2-(2-(Bis(1-methyl-1H-indol-3-yl)methyl)-4-chlorophenoxy)-4-fluoroaniline (4j) 

1H NMR ((CD3)2CO, 500 MHz):  7.36 (m, 4H), 7.25 (d, J = 2.5 Hz, 1H), 7.22 (dd, J = 

8.5, 2.5 Hz, 1H), 7.14 (t, J = 7.5 Hz, 2H), 6.93 (d, J = 7.5 Hz, 2H), 6.83 (m, 2H), 6.74 (m, 

2H), 6.65 (td, J = 8.5, 2.5 Hz, 1H), 6.43 (dd, J = 9.5, 2.5 Hz, 1H), 6.35 (s, 1H), 4.13 (bs, 

2H), 3.76 (s, 6H); 13C NMR ((CD3)2CO, 125 MHz):  137.6, 137.2, 129.4, 128.4, 128.3, 

127.2, 121.4, 121.2, 119.4, 119.2, 118.6, 118.4, 116.3, 115.7, 110.6, 110.5, 109.4, 106.5, 

33.1, 31.9; HR-ESI-MS: m/z calcd for C31H25ClFN3NaO: 532.1568 [M + Na]+; found: 

532.1574. 

2-(2-(Bis(5-methyl-1H-indol-3-yl)methyl)-4-chlorophenoxy)-4-fluoroaniline (4k) 

1H NMR ((CD3)2CO, 500 MHz):  9.93 (bs, 2H), 7.24 (m, 3H), 7.20 (m, 3H), 6.81 (m, 

3H), 6.75 (m, 3H), 6.68 (td, J = 8.5, 3 Hz, 1H), 6.51 (dd, J = 9.5, 3 Hz, 1H), 6.33 (s, 1H), 

4.14 (bs, 2H), 2.37 (s, 6H); 13C NMR ((CD3)2CO, 125 MHz):  155.6, 153.7, 153.4, 

142.7, 137.7, 136.4, 130.8, 129.5, 127.4, 127.1, 124.9, 123.4, 120.4, 118.9, 117.9, 117.2, 
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115.9, 111.3, 110.8, 106.8, 33.3, 20.9; HR-ESI-MS: m/z calcd for C31H25ClFN3NaO: 

532.1568 [M + Na]+; found: 532.1570. 

2-(2-(Bis(6-methyl-1H-indol-3-yl)methyl)-4-chlorophenoxy)-4-fluoroaniline (4l) 

1H NMR ((CD3)2CO, 500 MHz):  9.96 (bs, 2H), 7.28 (m, 3H), 7.22 (m, 3H), 6.91 (m, 

3H), 6.84 (m, 3H), 6.68 (td, J = 8.5, 3 Hz, 1H), 6.52 (dd, J = 9.5, 3 Hz, 1H), 6.33 (s, 1H), 

2.29 (s, 6H); 13C NMR ((CD3)2CO, 125 MHz):  155.5, 153.7, 153.2, 149.7, 137.6, 136.2, 

135.6, 129.6, 127.6, 127.4, 127.2, 124.1, 123.1, 118.7, 118.5, 116.9, 115.9, 111.2, 110.6, 

106.4, 32.9, 20.7; HR-ESI-MS: m/z calcd for C31H25ClFN3NaO: 532.1568 [M + Na]+; 

found: 532.1565. 

2-(2-(Bis(5-methoxy-1H-indol-3-yl)methyl)-4-chlorophenoxy)-4-fluoroaniline (4m) 

1H NMR ((CD3)2CO, 500 MHz):  9.98 (bs, 2H), 7.30 (d, J = 9 Hz, 2H), 7.29 (s, 1H), 

7.23 (dd, J = 9, 3 Hz, 1H), 6.92 (s, 1H), 6.91 (s, 1H), 6.87 (d, J = 8.5 Hz, 1H), 6.85 (s, 

1H), 6.84 (s, 1H), 6.79 (dd, J = 8.5, 5.5 Hz, 1H), 6.75 (dd, J = 8.5, 2.5 Hz, 2H), 6.68 (td, J 

= 8.5, 3 Hz, 1H), 6.50 (dd, J = 9.5, 2.5 Hz, 1H), 6.27 (s, 1H), 4.17 (bs, 2H), 3.64 (s, 6H); 

13C NMR ((CD3)2CO, 125 MHz):  155.6, 153.7, 153.7, 153.2, 143.0, 137.4, 136.2, 

132.3, 129.6, 127.7, 127.3, 127.2, 124.8, 118.6, 116.8, 115.9, 112.1, 111.5, 110.6, 106.2, 

101.0, 54.8, 33.4; HR-ESI-MS: m/z calcd for C31H25ClFN3NaO3: 564.1466 [M + Na]+; 

found: 564.1479. 

2-(2-(Bis(5-fluoro-1H-indol-3-yl)methyl)-4-chlorophenoxy)-4-fluoroaniline (4n) 

1H NMR ((CD3)2CO, 500 MHz):  10.25 (bs, 2H), 7.41 (dd, J = 9, 4.5 Hz, 2H), 7.24 (m, 

2H), 7.03 (m, 4H), 6.87 (m, 3H), 6.78 (dd, J = 8.5, 6 Hz, 1H), 6.66 (td, J = 8.5, 3 Hz, 1H), 

6.45(dd, J = 9.5, 2.5 Hz, 1H), 6.31 (s, 1H), 4.22 (bs, 2H); 13C NMR ((CD3)2CO, 125 

MHz):  158.2, 156.4, 153.4, 136.5, 136.3, 133.8, 129.5, 129.3, 127.5, 127.4, 127.3, 

127.2, 127.1, 126.6, 126.1, 118.7, 118.3, 117.2, 117.1, 115.9, 115.8, 112.5, 112.4, 110.9, 

110.8, 110.7, 109.6, 109.4, 106.7, 103.8, 103.6, 103.5, 33.2; HR-ESI-MS: m/z calcd for 

C29H18ClF3N3O
+: 516.1085 [M - H]+; found: 516.1075. 

2-(2-(Bis(6-chloro-1H-indol-3-yl)methyl)phenoxy)-4-fluoroaniline (4o) 

1H NMR ((CD3)2CO, 500 MHz):  10.30 (bs, 2H), 7.46 (s, 2H), 7.34 (d, J = 8.5 Hz, 2H), 

7.23 (dd, J = 8.5, 2.5 Hz, 1H), 7.20 (d, J = 2.5 Hz, 1H), 6.97 (s, 2H), 6.93 (dd, J = 8.5, 1.5 
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Hz, 2H), 6.84 (d, J = 8.5 Hz, 1H), 6.77 (dd, J = 8.5, 5.5 Hz, 1H), 6.67 (td, J = 8.5, 2.5 Hz, 

1H), 6.46 (dd, J = 9, 2.5 Hz, 1H), 6.37 (s, 1H), 4.19 (bs, 2H); 13C NMR ((CD3)2CO, 125 

MHz):  155.6, 153.7, 153.4, 142.6, 137.6, 136.4, 136.3, 129.3, 127.6, 127.5, 126.9, 

125.6, 125.2, 120.3, 119.2, 118.2, 117.3, 115.9, 111.3, 110.9, 106.6, 33.0; HR-ESI-MS: 

m/z calcd for C29H18Cl3FN3O
+: 548.0494 [M - H]+; found: 548.0496. 

3,3'-((2-(2-Amino-5-fluorophenoxy)-5-chlorophenyl)methylene)bis(1H-indol-5-ol) 

(4p) 

1H NMR ((CD3)2CO, 500 MHz):  9.84 (bs, 2H), 7.57(m, 2H), 7.21 (m, 4H), 6.78 (m, 

6H), 6.68 (m, 3H), 6.52 (dd, J = 8.5, 3 Hz, 1H), 6.20 (s, 1H), 4.13 (s, 1H); 13C NMR 

((CD3)2CO, 125 MHz):  153.7, 153.6, 150.7, 136.9, 136.5, 132.0, 129.5, 127.7, 127.2, 

127.0, 124.6, 117.5, 116.4, 116.0, 115.9, 111.8, 111.6, 111.4, 111.4, 111.0, 110.8, 107.2, 

107.0, 103.3, 33.3; HR-ESI-MS: m/z calcd for C29H20ClFN3O3
+: 512.1172 [M - H]+; 

found: 512.0988. 

4.6. References 

(1)  (a) Sharma, V.; Kumar, P.; Pathak, D. Biological importance of the indole nucleus 

in recent years: A comprehensive review. J. Heterocycl. Chem. 2010, 47, 491–502. 

(b) Lalit, K.; Shashi, B.; Kamal, J. The diverse pharmacological importance of 

indole derivatives : A review. Int. J. Res. Pharm. Sci. 2012, 2, 23–33. (c) Naim, M. 

J.; Alam, O.; Alam, J.; Bano, F.; Alam, P.; Shrivastava, N. Recent review on 

indole: A privileged scaffold structure. Int. J. Pharma Sci. Res. 2016, 7, 51–62. (d) 

Patil, R.; Patil, S. A.; Beaman, K. D.; Patil, S. A. Indole molecules as inhibitors of 

tubulin polymerization: potential new anticancer agents, an update (2013–2015). 

Future Med. Chem. 2016, 8, 1291–1316. (e) Sulthana, S.; Pandian, P. A review on 

indole and benzothiazole derivatives its importance. J. Drug Deliv. Ther. 2019, 9, 

505–509. 

(2)  (a) Aggarwal, B. B.; Ichikawa, H. Molecular targets and anticancer potential of 

indole-3-carbinol and its derivatives. Cell Cycle 2005, 4, 1201–1215. (b) 

Maruthanila, V. L.; Poornima, J.; Mirunalini, S. Attenuation of carcinogenesis and 

the mechanism underlying by the influence of indole-3-carbinol and its metabolite 

3,3′-diindolylmethane: a therapeutic marvel. Adv. Pharmacol. Sci. 2014, 2014, 1–

7. (c) Thomson, C. A.; Ho, E.; Strom, M. B. Chemopreventive properties of 3,3′-



 

205 
 

diindolylmethane in breast cancer: evidence from experimental and human studies. 

Nutr. Rev. 2016, 74, 432–443. (d) Kim, S. Cellular and molecular mechanisms of 

3,3′-diindolylmethane in gastrointestinal cancer. Int. J. Mol. Sci. 2016, 17, 1155–

1167. (e) Weiben, W.; Feng, Z.; Narod, S. A. Multiple therapeutic and preventive 

effects of 3,3-diindolylmethane on cancers including prostate cancer and high 

grade prostatic intraepithelial neoplasia. J. Biomed. Res. 2014, 28, 339–348. (f) 

Weng, J.-R.; Tsai, C.-H.; Kulp, S. K.; Chen, C.-S. Indole-3-carbinol as a 

chemopreventive and anti-cancer agent. Cancer Lett. 2008, 262, 153–163. (g) 

Bradlow, H. L. Indole-3-carbinol as a chemoprotective agent in breast and prostate 

cancer. in vivo. 2008, 22, 441–445. (h) Fujioka, N.; Fritz, V.; Upadhyaya, P.; 

Kassie, F.; Hecht, S. S. Research on cruciferous vegetables, indole-3-carbinol, and 

cancer prevention: a tribute to Lee W. Wattenberg. Mol. Nutr. Food Res. 2016, 60, 

1228–1238. 

(3)  (a) Murillo, G.; Mehta, R. G. Cruciferous vegetables and cancer prevention. Nutr. 

Cancer 2001, 41, 17–28. (b) Higdon, J. V; Delage, B.; Williams, D. E.; Dashwood, 

R. H. Cruciferous vegetables and human cancer risk: epidemiologic evidence and 

mechanistic basis. Pharmacol. Res. 2007, 55, 224–236. (c) Royston, K. J.; 

Tollefsbol, T. O. The epigenetic impact of cruciferous vegetables on cancer 

prevention. Curr. Pharmacol. Reports 2015, 1, 46–51. 

(4)  Wattenberg, L. W. Inhibition of polycyclic aromatic hydrocarbon-induced 

neoplasia by naturally occurring indoles. Cancer Res. 1978, 38, 1410–1413. 

(5)  https://www.diindolylmethane-dim.com. 

(6)  (a) Kassouf, W.; Chintharlapalli, S.; Abdelrahim, M.; Nelkin, G.; Safe, S.; Kamat, 

A. M. Inhibition of bladder tumor growth by 1,1-bis(3-indolyl)-1-(p-

substitutedphenyl) methanes : a new class of peroxisome proliferator-activated 

receptor γ agonists. Cancer Res. 2006, 66, 412–419. (b) Chintharlapalli, S.; Smith, 

R.; Samudio, I.; Zhang, W.; Safe, S. 1,1-Bis(3′-indolyl)-1-(p-

substitutedphenyl)methanes induce peroxisome proliferator-activated receptor γ-

mediated growth inhibition, transactivation, and differentiation markers in colon 

cancer cells. Cancer Res. 2004, 64, 5994–6001. (c) Qin, C.; Morrow, D.; Stewart, 

J.; Spencer, K.; Porter, W.; Smith, R.; Phillips, T.; Abdelrahim, M.; Samudio, I.; 



 

206 
 

Safe, S. A new class of peroxisome proliferator-activated receptor γ (PPAR γ) 

agonists that inhibit growth of breast cancer cells : 1,1-bis(3-indolyl)-1-(p-

substituted phenyl) methanes. Mol. Cancer Ther. 2004, 3, 247–260. 

(7)  Pal, C.; Dey, S.; Mahato, S. K.; Vinayagam, J.; Pradhan, P. K.; Giri, V. S.; 

Jaisankar, P.; Hossain, T.; Baruri, S.; Ray, D.; Biswas, S. M. Eco-friendly 

synthesis and study of new plant growth promoters: 3,3′-diindolylmethane and its 

derivatives. Bioorganic Med. Chem. Lett. 2007, 17, 4924–4928. 

(8)  Roy, A.; Chowdhury, S.; Sengupta, S.; Mandal, M.; Jaisankar, P.; D’Annessa, I.; 

Desideri, A.; Majumder, H. K. Development of derivatives of 3,3′-

diindolylmethane as potent Leishmania donovani bi-subunit topoisomerase IB 

poisons. PLoS One 2011, 6, e28493. 

(9)  (a) Roy, S.; Gajbhiye, R.; Mandal, M.; Pal, C.; Meyyapan, A.; Mukherjee, J.; 

Jaisankar, P. Synthesis and antibacterial evaluation of 3,3′-diindolylmethane 

derivatives. Med. Chem. Res. 2014, 23, 1371–1377. (b) Sung, W. S.; Lee, D. G. In 

vitro antimicrobial activity and the mode of action of indole-3-carbinol against 

human pathogenic microorganisms. Biol. Pharm. Bull. 2007, 30, 1865–1869. (c) 

Ko, M.-O.; Kim, M.-B.; Lim, S.-B. Relationship between chemical structure and 

antimicrobial activities of isothiocyanates from cruciferous vegetables against oral 

pathogens. J. Microbiol. Biotechnol. 2016, 26, 2036–2042. (d) Kumar, G. S. S.; 

Kumaresan, S.; Prabhu, A. A. M.; Bhuvanesh, N.; Seethalakshmi, P. G. An 

efficient one pot syntheses of aryl-3,3′-bis(indolyl)methanes and studies on their 

spectral characteristics, DPPH radical scavenging-, antimicrobial-, cytotoxicity-, 

and antituberculosis activity. Spectrochim. Acta - Part A Mol. Biomol. Spectrosc. 

2013, 101, 254–263. 

(10)  (a) Bhowmik, A.; Das, N.; Pal, U.; Mandal, M.; Bhattacharya, S.; Sarkar, M.; 

Jaisankar, P.; Maiti, N. C.; Ghosh, M. K. 2,2′-Diphenyl-3,3′-diindolylmethane: A 

potent compound induces apoptosis in breast cancer cells by inhibiting EGFR 

pathway. PLoS One 2013, 8, e59798. (b) Andey, T.; Patel, A.; Jackson, T.; Safe, 

S.; Singh, M. 1,1-Bis(3′-indolyl)-1-(p-substitutedphenyl)methane compounds 

inhibit lung cancer cell and tumor growth in a metastasis model. Eur. J. Pharm. 

Sci. 2013, 50, 227–241. (c) Ichite, N.; Chougule, M.; Patel, A. R.; Jackson, T.; 

Safe, S.; Singh, M. Inhalation delivery of a novel diindolylmethane derivative for 



 

207 
 

the treatment of lung cancer. Mol. Cancer Ther. 2010, 9, 3003–3015. 

(11)  (a) Bringmann, G.; Menche, D.; Bezabih, M.; Abegaz, B. M.; Kaminsky, R. 

Antiplasmodial activity of knipholone and related natural phenylanthraquinones. 

Planta Med. 1999, 65, 757–758. (b) Goa, K. L.; Wagstaff, A. J. Losartan 

potassium a review of its pharmacology, clinical efficacy and tolerability in the 

management of hypertension. Drugs 1996, 51, 820–845. (c) Bringmann, G.; 

Gulder, T.; Gulder, T. A. M.; Breuning, M. Atroposelective total synthesis of 

axially chiral biaryl natural products. Chem. Rev. 2011, 111, 563–639. 

(12)  Santoshi, S.; Manchukonda, N. K.; Suri, C.; Sharma, M.; Sridhar, B.; Joseph, S.; 

Lopus, M.; Kantevari, S.; Baitharu, I.; Naik, P. K. Rational design of biaryl 

pharmacophore inserted noscapine derivatives as potent tubulin binding anticancer 

agents. J. Comput. Aided. Mol. Des. 2015, 29, 249–270. 

(13)  McNulty, J.; van den Berg, S.; Ma, D.; Tarade, D.; Joshi, S.; Church, J.; Pandey, S. 

Antimitotic activity of structurally simplified biaryl analogs of the anticancer 

agents colchicine and combretastatin A4. Bioorg. Med. Chem. Lett. 2015, 25, 117–

121. 

(14)  Challa, C.; Vellekkatt, J.; Ravindran, J.; Lankalapalli, R. S. A metal-free one-pot 

cascade synthesis of highly functionalized biaryl-2-carbaldehydes. Org. Biomol. 

Chem. 2014, 12, 8588–8592. 

(15)  (a) Patel, A. R.; Doddapaneni, R.; Andey, T.; Wilson, H.; Safe, S.; Singh, M. 

Evaluation of self-emulsified DIM-14 in dogs for oral bioavailability and in Nu/nu 

mice bearing stem cell lung tumor models for anticancer activity. J. Control. 

Release 2015, 213, 18–26. (b) Goldberg, A. A.; Draz, H.; Montes-Grajales, D.; 

Olivero-Verbél, J.; Safe, S. H.; Sanderson, J. T. 3,3-Diindolylmethane (DIM) and 

its ring-substituted halogenated analogs (ring-DIMs) induce differential 

mechanisms of survival and death in androgen-dependent and -independent 

prostate cancer cells. Genes Cancer 2015, 6, 265–280. (c) Draz, H.; Goldberg, A. 

A.; Titorenko, V. I.; Tomlinson Guns, E. S.; Safe, S. H.; Sanderson, J. T. 

Diindolylmethane and its halogenated derivatives induce protective autophagy in 

human prostate cancer cells via induction of the oncogenic protein AEG-1 and 

activation of AMP-dependent kinase (AMPK). Cell. Signal. 2017, 40, 172–182. (d) 



 

208 
 

Godugu, C.; Doddapaneni, R.; Safe, S. H.; Singh, M. Novel diindolylmethane 

derivatives based NLC formulations to improve the oral bioavailability and 

anticancer effects in triple negative breast cancer. Eur. J. Pharm. Biopharm. 2016, 

108, 168–179. (e) Afzali, M. F.; Popichak, K. A.; Burton, L. H.; Klochak, A. L.; 

Wilson, W. J.; Safe, S.; Tjalkens, R. B.; Legare, M. E. A novel diindolylmethane 

analog, 1,1-bis(3-indolyl)-1-(p-chlorophenyl)methane, inhibits the tumor necrosis 

factor-induced inflammatory response in primary murine synovial fibroblasts 

through a Nurr1-dependent mechanism. Mol. Immunol. 2018, 101, 46–54. (f) Kim, 

K.; Li, X.; Lee, S. NR4A orphan receptors and cancer. Nucl. Recept. Signal. 2011, 

9, e002. (g) Abdelrahim, M.; Newman, K.; Vanderlaag, K.; Samudio, I.; Safe, S. 

3,3′-Diindolylmethane (DIM) and its derivatives induce apoptosis in pancreatic 

cancer cells through endoplasmic reticulum stress-dependent upregulation of DR5. 

Carcinogenesis 2006, 27, 717–728. (h) Lee, S.; Li, X.; Khan, S.; Safe, S. Targeting 

NR4A1 (TR3) in cancer cells and tumors. Expert Opin. Ther. Targets 2011, 15, 

195–206. (i) Shin, J.; Shim, J.; Choi, E.; Leem, D.; Han, K.; Lee, S.; Safe, S.; Cho, 

N.; Cho, S. Chemopreventive effects of synthetic C-substituted diindolylmethanes 

originating from cruciferous vegetables in human oral cancer cells. Eur. J. Cancer 

Prev. 2011, 20, 417–425. (j) Safe, S.; Papineni, S.; Chintharlapalli, S. Cancer 

chemotherapy with indole-3-carbinol, bis(3′-indolyl)methane and synthetic 

analogs. Cancer Lett. 2008, 269, 326–338. 

(16)  (a) Calabrò, P.; Samudio, I.; Safe, S. H.; Willerson, J. T.; Yeh, E. T. H. Inhibition 

of tumor-necrosis-α induced endothelial cell activation by a new class of PPAR-γ 

agonists. J. Vasc. Res. 2005, 42, 509–516. (b) Praveen, C.; DheenKumar, P.; 

Muralidharan, D.; Perumal, P. T. Synthesis, antimicrobial and antioxidant 

evaluation of quinolines and bis(indolyl)methanes. Bioorg. Med. Chem. Lett. 2010, 

20, 7292–7296. 

(17)  Torre, L. A.; Islami, F.; Siegel, R. L.; Ward, E. M.; Jemal, A. Global cancer in 

women: burden and trends. Cancer Epidemiol. Biomarkers Prev. 2017, 26, 444–

457. 

(18)  Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R. L.; Torre, L. A.; Jemal, A. Global 

cancer statistics 2018: GLOBOCAN estimates of incidence and mortality 

worldwide for 36 cancers in 185 countries. CA. Cancer J. Clin. 2018, 68, 394–424. 



 

209 
 

(19)  (a) Jhan, J.; Andrechek, E. R. Triple-negative breast cancer and the potential for 

targeted therapy. Pharmacogenomics 2017, 18, 1595–1609. (b) Mayer, E. L.; 

Burstein, H. J. Chemotherapy for triple-negative breast cancer: is more better? J. 

Clin. Oncol. 2016, 34, 3369–3371. (c) OToole, S. A.; Beith, J. M.; Millar, E. K. 

A.; West, R.; McLean, A.; Cazet, A.; Swarbrick, A.; Oakes, S. R. Therapeutic 

targets in triple negative breast cancer. J. Clin. Pathol. 2013, 66, 530–542. (d) 

Marotti, J. D.; de Abreu, F. B.; Wells, W. A.; Tsongalis, G. J. Triple negative 

breast cancer: next generation sequencing for target identification. Am. J. Pathol. 

2017, 187, 2133–2138. 

(20)  Chakraborty, S.; Ghosh, S.; Banerjee, B.; Santra, A.; Adhikary, A.; Misra, A. K.; 

Sen, P. C. Phemindole, a synthetic di-indole derivative maneuvers the store 

operated calcium entry (SOCE) to induce potent anti-carcinogenic activity in 

human triple negative breast cancer cells. Front. Pharmacol. 2016, 7, 1–21. 

(21)  (a) Gillis, E. P.; Eastman, K. J.; Hill, M. D.; Donnelly, D. J.; Meanwell, N. A. 

Applications of fluorine in medicinal chemistry. J. Med. Chem. 2015, 58, 8315–

8359. (b) Purser, S.; Moore, P. R.; Swallow, S.; Gouverneur, V. Fluorine in 

medicinal chemistry. Chem. Soc. Rev. 2008, 37, 320–330. (c) Maienfisch, P.; Hall, 

R. G. The importance of fluorine in the life science industry. Chimia. 2004, 58, 93–

99. (d) Shah, P.; Westwell, A. D. The role of fluorine in medicinal chemistry. J. 

Enzyme Inhib. Med. Chem. 2007, 22, 527–540. 

(22)  Jamsheena, V.; Mahesha, C. K.; Joy, M. N.; Lankalapalli, R. S. Metal-free diaryl 

etherification of tertiary amines by ortho -C(sp2)–H functionalization for synthesis 

of dibenzoxazepines and -ones. Org. Lett. 2017, 19, 6614–6617. 

(23)  Pradhan, P. K.; Dey, S.; Giri, V. S.; Jaisankar, P. InCl3-HMTA as a methylene 

donor: one-pot synthesis of diindolylmethane (DIM) and its derivatives. Synthesis. 

2005, 2005, 1779–1782. 

(24)  Mosmann, T. Rapid colorimetric assay for cellular growth and survival: application 

to proliferation and cytotoxicity assays. J. Immunol. Methods 1983, 65, 55–63. 

 

 



 

210 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

211 
 

Summary and conclusion 

Chapter 1 gives an overview of heterocycles and their importance in drug 

discovery along with a brief history of 1,2-dihydropyridines (DHPs), dibenzoxazepines 

and diindolylmethanes (DIMs). 1,2-DHPs are widely used as precursor scaffold for the 

preperation of many biologically active compounds. Cyclization reactions (Hantzsch ring 

closure), reduction or nucleophilic addition of pyridinium ions and pericyclic reactions 

are commonly employed for the synthesis of 1,2-DHPs. Dibenzoxazepine and 

dibenzoxazepinones belong to a class of seven-member heterocyclic compounds fused 

with two benzene rings. They possess a broad range of biological activities such as anti-

HIV, antitumor, antioxidant, oral contraceptive, TRPA1 agonist, sodium channel blocker, 

CNS depressant, etc. Researchers have extensively studied the pharmacological 

properties of various dibenzoxazepine derivatives and over the years, various approaches 

have been developed for the synthesis of dibenzoxazepine core skeleton. Base promoted 

nucleophilic aromatic substitution (SNAr) is a classical method employed for the 

construction of the seven-membered ring via Smiles rearrangement of suitable substrates 

by a domino C-O and C-N bond formation. 3,3-Diindolylmethane (DIM) is an active 

metabolite of indole-3-carbinol, a glucosinolate conjugate present in various Brassica 

vegetables such as cabbage, broccoli, brussels, sprouts, etc. DIM compounds have been 

reported extensively as promising anticancer agents due to its low toxicity and cytotoxic 

ability to inhibit the growth of a multitude of cancer cell types both in vitro and in vivo. 

They have garnered considerable medicinal interest due to their potential therapeutic 

effect against different cancers. 

Chapter 2 comprise design, synthesis and application of new 1,2-dihydropyridine 

(1,2-DHP) based fluorophores. Small molecule based organic fluorophores are of primary 

interest which can be used for sensing and bio-imaging due to their selectivity, high 

sensitivity, fast response and the validity of quantitative information on the subcellular 

distribution for the molecules of interest. Even though a number of fluorophores, 

particularly heterocyclic scaffolds are reported, only a few exhibit optimal performance 

while majority of them suffer from various limitations for advanced applications in 

biology. A four-component condensation reaction using dienaminodioate, aldehyde, an in 

situ generated hydrazone in presence of trifluoroacetic acid, modification of our previous 

report, was employed for the synthesis. The design offers various sites for appendage to 

bioactives or functionalities required for conjugation. The photophysical properties of 
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1,2-DHPs were studied in detail, which led to the design of 1,2-DHP 2h as an optimal 

fluorophore suitable for its potential application as a small-molecule probe in aqueous 

medium. 1,2-DHP 2h exhibited six fold enhanced emission intensity than its 

phosphorylated analogue 2h in long wavelength region (em~600 nm) which makes 1,2-

DHP 2h meet the requirement as a bioprobe for protein tyrosine phosphatases (Figure 

2.1). 

Figure 2.1 Design and synthesis of new 1,2-DHP fluorophores 

 

Chapter 3 focuses on the development of an unprecedented one-pot method for 

the synthesis of dibenzoxazepines from tertiary amines mediated by HIR. 

Dibenzoxazepines and dibenzoxazepinones are privileged structural motifs of 

pharmaceutical relevance. Owing to its wide pharmaceutical significance, many synthetic 

approaches have been developed for the preparation of dibenzoxazepine skeleton. Base-

promoted nucleophilic aromatic substitution (SNAr) is a classic method to construct the 

seven-membered ring of dibenzoxazepines via Smiles rearrangement. Apart from this, 

several metal catalyzed and metal-free reaction methodologies were also reported. 

Dibenzoxazepines have also been used as valuable synthetic intermediates in 

development of more complex hetereocyclic structures. Hypervalent iodine reagents 

(HIR) have been considered as a mild alternative to toxic metal oxidants for the 

construction of several C–C and C–heteroatom bonds. In this chapter, a phenyliodine(III) 

diacetate mediated umpolung reactivity of the tertiary amines with suitably substituted 

ortho-hydroxybenzyl and phenyl groups is exploited to facilitate ortho-C(sp2)−H 

functionalization to afford diaryl ethers. The presence of an ortho-CHO and secondary 

amine functionalities in the resulting diaryl ether, generated in situ, were utilized for 

synthesis of dibenzoxazepines and dibenzoxazepinones (Figure 3.1). Mild conditions and 

relative broad substrate scope, and potential for further diversification of the diaryl ethers 

are highlights of this methodology. 
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Figure 3.1 One-pot synthesis of dibenzoxazepine and dibenzoxazepinone. 

 

Chapter 4 deals with structure activity relationship study of diindolylmethane 

derivatives. The design and synthesis of three libraries of DIM was based on the 

conjugation of DIM with biaryl and diaryl ethers. (Figure 4.1) The synthesized 

compounds were explored for their preliminary anticancer (HeLa, MDA MB 231) and 

antimicrobial properties. Our interest was mainly focused on the identification of the 

effect of substituents both on the indole moiety and biaryl, and the DIM conjugates 

(biaryl or diary ether), which would support biological activity and whose substructure 

optimization would efficiently produce molecules with better activity. The incorporation 

of biaryl or diaryl ether, a known pharmacophore, in a single molecule enhanced the 

biological activity of the DIM. The compound with primary amine in its structure DIM 

3aa showed a better cytotoxicity when compared to simple DIM.  

 

Figure 4.1 Library of DIM derivatives 
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