Chapter 1

Synthesis and Applications of Some Main Class of Nitrogen
Containing Organic Compounds

Nitrogen is a naturally occurring element that is essential for growth and reproduction
in both plants and animals. It is found in amino acids that is building blocks of proteins, in
nucleic acids, that comprise the hereditary material and life’s blueprint for all cells and in
several other organic and inorganic compounds. Additionally, most of the organic
compounds containing nitrogen are key building blocks used to develop compounds of
biological or medicinal interest to organic chemists. A vast number of nitrogen containing
heterocyclic compounds have applications in pharmaceutical research, agriculture science,
and drug discovery.

In nature, nitrogen present in the form of functional groups in organic moieties, some

of the main functional groups are like amines (1.1), imines (1.2), amides (1.3), oximes (1.4),
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Figure 1.1: Nitrogen containing some main class of organic compounds.
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cyanides (1.5), isocyanides (1.6) and nitrogen containing some main class of heterocyclic
compounds are pyridine (1.7), indole (1.8), pyrrole (1.9), quinoxaline (1.10), oxazine (1.11)

and thiazine (1.12) (Figure 1.1).

1.1 Amines

Amines are the organic compounds that are derived from ammonia by replacing one,
two or all the three protons by different carbon derivatives. These compounds are important
in a variety of industries including agrochemicals, dyes, drugs, surfactants and plastics; as
auxiliaries for the rubber, textile, paper industries, as anticorrosion agents and process
chemicals for gas scrubbing (Roose et al. 2015). Since amines are the basic building units of
proteins which involved in creations of amino acids and it shows that they are very important
in survival of living beings. Besides this, amines are also used in the synthesis of many drugs
like Clopidogrel is an antithrombotic drug and used as an inhibitor of platelet aggregation,
Aripiprazole is an antipsychotic agent, Demerol is an analgesics used to control moderate to
severe pain, Salmeterol is used in treatment of asthma and chronic obstructive pulmonary

disease and Novocaine is commonly used as anesthetics in oral surgery (Figure 1.2).

Primary amines are mainly prepared by the reduction of cyanides (Haddenham et al.
2009, Bagal et al. 2015), amides (Volkov et al. 2016), aliphatic and aromatic nitro compounds

(Orlandi et al. 2016) and azides (Maiti et al. 1986, Ahammed et al. 2011) by using different
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reducing agents (Scheme 1.1). Primary amines are also synthesized by Gabriel synthesis
method (Sheehan et al. 1950) which involves the initial alkylation of potassium phthalimide
to form N-alkyl phthalimide, which on hydrolysis provides corresponding primary amine as

final product.

Secondary and tertiary amines are prepared by the nucleophilic substitution of
primary and secondary amines with the alkyl halides to give corresponding secondary and
tertiary amines respectively (Ruiz-Castillo et al. 2016) (Scheme 1.2). They are also prepared
by reductive amination of aldehydes or ketones with primary and secondary amines (Tripathi

et al. 2008).
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Figure 1.2: Some biological active drugs containing amine functional group.
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Scheme 1.2: Synthesis of secondary and tertiary amines.
1.2 Imines

Imines or azomethines are compounds that are represented by the general formula
R3R2C=NR;. The substituents R1, R2 and Rs may be alkyl, aryl, heteroaryl or hydrogen. Imine

was first of all discovered by Hugo Schiff by condensation of carbonyl compounds with
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primary amines in 1864 and in his respect it is also referred as Schiff bases. Imines are stable
under anhydrous conditions or in anhydrous organic solvents but in aqueous medium they
are easily hydrolyzed to the initial amine and the carbonyl compound. Imine hydrolysis is

fast under acid catalysis and relatively slow under neutral or alkaline conditions.

Imines are generally prepared by condensation of aldehyde and ketone with amines
(Qin et al. 2013) but there are some other methods for their synthesis e.g. the rearrangement
of trityl N-haloamines in the Stieglitz rearrangement (Stieglitz et al. 1914, Li 2003) which
involves a PCls catalyzed rearrangement reaction of a trityl hydroxylamine (ArsCNHOH) to
atriaryl imine, by dehydration of hemiaminals (Middleton et al. 1970), by reaction of alkenes
with hydrazoic acid (Lang et al. 2006) as well as by the reaction of nitriles with arenes in the

presence of hydrochloric acid (Gulati et al. 1935).
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Scheme 1.3: Synthesis of imines.

1.3 Amides

Amides (carboxamide, sulphonamide, phosphoramide) are the compounds having
general formula RmE(O)nNR2 where E may be C, S or P and depending on E, the
corresponding amides are known as carboxamides (E=C, m=1 and n=1), sulfonamides (E=S,
m=1 and n=2) and phosphoramides (E=P, m=2 and n=1). Amides represent an important
class of compounds in the pharmaceutical industry, materials science, agrochemicals and
chemical biology. Among them, carboxamide is very commonly found in nature.
Carboxamide functional groups are found in many drugs, natural products, and polymers. It
is estimated that more than 25% of all drugs contain at least one amide bond. Some examples
are shown in Figure 1.3. Their broad utility in many fields is closely tied to the structure of
the amidic moiety which confers unique features upon these compounds. Therefore,
formation of amide bonds is one of the most important and studied reactions in organic

chemistry.
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Figure 1.3: Examples of some drugs containing amide group.

The amide functionality is considered to be the most robust and resistant of the

carboxylic acid derivatives. The high stability of amides is attributed to resonance

delocalization of the nitrogen lone pair and carbonyl n electrons across the amidic bond

(Figure 1.4).
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Figure 1.4: Resonance stability of amide.

Department of Chemistry 11T (BHU), Varanasi



Chapter 1

Traditionally, amides were synthesized by condensation of organic acids with
primary and secondary amines in the presence of some dehydrating agents (Montalbetti et al.
2005). In general, this reaction is thermodynamically favorable; however, it suffers from high
activation energy, which reduces its reactivity and often requires high temperatures.
Therefore, for shifting the equilibrium to the right, there is need of activation of carboxylic
acid to a better electrophile such as esters, acid chlorides and anhydride (Valeur et al. 2009).
Some other important methods for amide synthesis like Beckmann rearrangement which
involves acid catalyzed rearrangement of an oxime functional group to substituted amides
(Beckmann 1886, Gawley 2004), “Ritter reaction”, a chemical transformation of a nitrile into
an N-alkyl amide using various electrophilic alkylating reagents (mainly alkenes) in presence
of strong acids like H>SOg , reaction of carbonyl compounds with azide to give an amide
“Schimdt reaction” (Wolff 2004). Multicomponent reaction between carbonyl compound,
amine, isocyanide and carboxylic acid to give bis-amide, Ugi reaction” (Ugi 1959) ,
conversion of one amide to other by its reaction with an amine i.e. “transamidation” (Acosta-
Guzmén et al. 2018), oxidative amidation of aldehydes or alcohols with amines (de

Figueiredo et al. 2016) and by Umpolung reaction of amines with a-halo nitro alkanes (Shen

et al. 2010) (Scheme 1.4).
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1.4 Oximes

The name oxime is an abbreviation of oxy-imine, >C=N-OH. Two structures (A)
and (B) (Figure 1.5) were proposed for the oxime group but on the basis of neutron
diffraction work on dimethylglyoxime, the presence of —OH bond was established which
favors the structure (A). In solid state, oximes are found to be associated by H-bonding
O-H-----N. The presence of slightly basic nitrogen atom and mild acidic hydroxyl group

makes the oxime group as an amphoteric in nature.

OH OH
(o) - -
AN AN e | N
C=NOH C=N |
(A) (B) (C) Aldoxime (D) Ketoxime

Figure 1.5: Structure (A & B) and classifications (C & D) of oximes.

Oximes are found extensive applications in different fields such as an antidotes for
nerve agents e.g. Pralidoxime , Obidoxime, Methoxime, HI-6, Hlo-7, and TMB-4 (Figure
1.6). Methyl ethyl ketoximeis a skin-preventing additive in many oil-based paints.
Perillartine, the oxime of perillaldehyde, is used as an artificial sweetener in Japan, it is 2000
times sweeter than sucrose. Buccoxime and 5-methyl-3-heptanone oxime (“'Stemone") are

commercial fragrances.

Department of Chemistry 11T (BHU), Varanasi Page 10


https://en.wikipedia.org/wiki/Pralidoxime
https://en.wikipedia.org/wiki/Obidoxime
https://en.wikipedia.org/w/index.php?title=Methoxime&action=edit&redlink=1
https://en.wikipedia.org/wiki/HI-6
https://en.wikipedia.org/w/index.php?title=Hlo-7&action=edit&redlink=1
https://en.wikipedia.org/wiki/Trimedoxime_bromide
https://en.wikipedia.org/wiki/Methyl_ethyl_ketoxime
https://en.wikipedia.org/wiki/Perillartine
https://en.wikipedia.org/wiki/Perillaldehyde
https://en.wikipedia.org/wiki/Sucrose

Chapter 1

OH - -
7

N
| A
X _OH " | N _
9’ HO-y~ | X = | N 2X ﬁ/ _N-onl x
+ + |
o N N N CH,
o @ ] \
PHCCC Trimedoxime (TMB-4 Pralidoxime (2-PAM)

Figure 1.6: Examples of some drugs containing oxime group.

Oximes are mainly synthesized by the reaction of carbonyl compounds with
hydroxylamine hydrochloride using different catalysts under different experimental
conditions. Other than this, oximes are also prepared by amines, nitriles, nitrones and imines
(Figure 1.7) (Abele et al. 2000, Bolotin et al. 2017). Oximes are highly reactive and undergo
reaction very easily to synthesize functionalized oximes, heterocyclic compounds and

carboxamides (Figure 1.7) (Freeman 1973, Bolotin et al. 2017).
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Figure 1.7: Synthesis and reactivity of oximes.
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1.5 Cyanides

Nitrile functional groups are present in many useful materials e.g. methyl
cyanoacrylate, used in super glue, nitrile rubber, a nitrile-containing polymer used in latex-
free laboratory and medical gloves. Nitrile rubber is also widely used as automotive and other

seals since it is resistant to fuels and oils.

First synthesized cyanide was hydrogen cyanide by C. W. Scheele in 1782. Around
1832, benzonitrile was prepared by Friedrich Wohler and Justus von Liebig, but due to
minimum yield of the product neither physical nor chemical properties were determined. The
synthesis of benzonitrile by Hermann Fehling in 1844 by heating ammonium benzoate was
the first method to provide enough of the substance for chemical research. Fehling
determined the structure by comparing his results to the already known synthesis of hydrogen
cyanide by heating ammonium formate and named it “nitrile”. Industrial method for cyanide
synthesis involves the ammoxidation reaction using alkene, ammonia and oxygen (Pollak et
al. 2000). This is an important method for production of acrylonitrile. The other methods for
nitrile synthesis are hydrocyanation, in which HCN react with alkenes or alkynes to give
nitrile (Rajanbabu 2004). Nitriles can also be prepared by organic halides and cyanide salts
known as Kolbe nitrile synthesis (Friedman et al. 1960), by dehydration of amides & oximes

(Kuo et al. 2007) and also by aryl diazonium salt “Sandmeyer reaction” (Clarke et al. 2003).
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Allyl isocyanides were first synthesized by using silver cyanide route from the

reaction of allyl iodide and silver cyanide. Some other methods for isocyanides synthesis are

by dehydration of formamides with p-toluenesulfonyl chloride, phosphorus oxychloride,

phosgene, diphosgene, or Burgess reagent and from carbylamine reaction (Hofmann

isocyanide synthesis) by the reaction of amine with chloroform and potassium hydroxide

(Nenajdenko 2012, Bode et al. 2016).
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Scheme 1.6: Synthesis of isocyanides.
1.7 Pyridine

Pyridine derivatives are an important class of azaheterocycle found in many natural
products, active pharmaceuticals and used in the in vitro synthesis of DNA (Katritzky et al.
1996, Henry 2004, Joule et al. 2008, Michael 2008, Altaf et al. 2015). Diploclidine
(Jayasinghe et al. 2003) and Nakinadine A (Kubota et al. 2007) are two examples of
recently isolated and structurally diverse natural products containing the pyridine core
(Figure 1.8). Pyridine-derived pharmaceuticals include Atazanavir (anti-HIV) (Harrison et
al. 2005), Imatinib mesylate (prescribed for chronic myelogenous leukemia) (Deininger et
al. 2003), Aulfapyridine (anti-bacterial), Tripelennamine & Mepyramine (antihistaminic
drugs) etc. (Figure 1.8). Pyridine derivatives are also incorporated into polymers such as
polyvinyl pyridine (PVP) (Raje et al. 2006). Many pyridine-based alkaloid natural products
are derivatives of nicotinic acid. Some nicotinic acid originated alkaloids are Nicotine and

Anabasine (Figure 1.8) (Hill 2010).
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Figure 1.8: Representative compounds containing pyridine substructure.

Pyridine was discovered by Thomas Anderson in 1849 from bone oil. However, due
to increasing demand of pyridine some other methods have been developed like

from acetaldehyde and ammonia. It is most economical method for pyridine synthesis and
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more than 20,000 tonnes pyridine are manufactured worldwide per year. Also, some other
methods have been used for pyridine synthesis such as by the reaction of a,B-unsaturated
carbonyl compounds (synthesized by condensation reaction between aldehyde and ketone)
and ammonia or ammonia derivatives known as “Chichibabin synthesis” (Tschitschibabin
1924, Mcgill et al. 1988) and by Hantzsch pyridine synthesis which involves the reaction of
B-keto acid (often acetoacetate), formaldehyde, and ammonia in (2:1:1) ratio to give
hydrogenated pyridine which further oxidizes to give pyridine (Petri 1881, Knoevenagel et

al. 1898, Saini et al. 2008).
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Scheme 1.7: Synthesis of pyridine and its derivatives.
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1.8 Pyrrole

Pyrroles are privileged scaffold with assorted nature of biological activities. Many
active compounds have been developed by amalgamation of different pharmacophores in a
pyrrole ring system. Pyrroles are an active component of complex macrocycles, including
the porphyrins of heme, chlorins, bacteriochlorins, chlorophyll, porphyrinogens (Nakano et
al. 1966). Pyrrole and its derivatives are widely used as intermediates in synthesis of
pharmaceuticals, agrochemicals, dyes, photographic chemicals, perfumes and other organic
compounds. The pyrrole skeleton is an imperative structural framework found in extensive
range of biologically active natural products and pharmaceutically active molecules. They
are an element of polymers, indigoid dyes and large aromatic rings. Pyrroles are utilized as a
catalyst for polymerization process, corrosion inhibitor, preservative, solvent for resins and
terpenes. It is functional in various metallurgical process, luminescence chemistry,
spectrochemical analysis and transition metal complex catalyst for uniform polymerization
(Rani et al. 2017). Furthermore, some of the compounds are useful intermediates in the
synthesis of biologically important naturally occurring alkaloids and synthetic heterocyclic
derivatives. They exhibit wide range of biological activities such as antibacterial, anti-fungal,
anti-viral, anti-inflammatory (Wilkerson et al. 1994), anticancer and antioxidant activity (Lee

et al. 2001) (Figure 1.9).
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Figure 1.9: Few biologically active compounds containing pyrrole moieties.

Pyrroles are synthesizing by different methods such as by the reaction of B-ketoesters,
ammonia and o-haloketones to give substituted pyrroles known as “Hantzsch pyrrole
synthesis”, a-amino ketone with an active methylene compound “Knorr pyrrole synthesis”,
from 1,4-dicarbonyl compound and ammonia or a primary amine “Paal-Knorr synthesis”, by
the reaction involving aldehyde, hydrazine hydrate and benzoyl chloride “Piloty—Robinson
pyrrole synthesis” (D Joshi et al. 2013, Rani et al. 2017), and most importantly from the
reaction of oxime with alkynes “Trofimov reaction” (Petrova et al. 1997, Schmidt et al. 2005)

(Scheme 1.8).
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Scheme 1.8: Synthesis of pyrrole derivatives.

1.9 Indole

Indole derivatives show diverse biological activities and are widely present in many
important alkaloids e.qg., tryptophan and auxins (Kaushik et al. 2013). Indole chemistry began

to develop with the study of the indigo dye. Indigo can be converted to isatin and then to
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oxindole. Adolf von Baeyer in 1866 have reduced oxindole to indole using zinc dust. Figure

1.10 represents some examples of pharmacologically active indole derivatives.

5HT2C Receptor agonist 2,3 diaryl-indole
(Antiobesity) (Anticancer)

Delavirdine
(Anti-HIV)

Figure 1.10: Examples of pharmacologically active indole derivatives.

Indoles and its derivatives were prepared by different methods such as by the reaction
of phenylhydrazine and an aldehyde or ketone under acidic conditions known as “Fischer
indole synthesis”, by the reaction of a-bromo-acetophenone and excess aniline to give 2-aryl-
indole “Bischler—Mo6hlau indole synthesis”, by addition of an aniline and a ketone bearing a
thioether substituent “Gassman indole synthesis”, from an ortho-iodoaniline and a
disubstituted alkyne using palladium catalyst “Larock indole synthesis”, by thermal
decomposition of 3-aryl-2-azido-propenoic ester into an indole-2-carboxylic ester
“Hemetsberger indole synthesis”, from substituted ortho-nitrocinnamic acid and iron powder
in strongly basic solution “Baeyer—-Emmerling indole synthesis” (Gribble 2003, Humphrey

et al. 2006, Patil et al. 2009, Taber et al. 2011) (Scheme 1.9).
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Scheme 1.9: Synthesis of indole and its derivatives.
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1.10 Quinoxalines

Quinoxaline derivatives are a very important class of nitrogen-containing
heterocycles, as they constitute useful intermediates in organic synthesis. This substructure
plays an important role as a basic skeleton for the design of a number of heterocyclic
compounds with different biological and pharmaceuticals activities like antitumor,
anticonvulsant, antimalarial, anti-inflammatory, antiamoebic, antioxidant, antidepressant,
antiprotozoal, antibacterial, and anti-HIV agents (Figure 1.11) and also in synthesis of
fluorescent dying agents, electroluminescent materials, chemical switches, cavitands, and

semiconductors (Mamedov 2016).
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Figure 1.11: Few examples of quinoxaline containing drugs.
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Quinoxalines are generally prepared by condensation of 1,2-diketones and 1,2-
diamines but other than this they are also formed by using different synthons like epoxides,

a-ketonic acids, a-haloketones, a-carbonyl alcohols and alkynes with 1,2-diamines

(Mamedov et al. 2012, Mamedov 2016, Ramalakshmi et al. 2017).

<89 e

Scheme 1.10: Synthesis of quinoxalines.

1.11 Oxazines

Oxazines are heterocyclic compounds containing one oxygen and one nitrogen

atom in a six-membered ring. Depending upon the position of nitrogen and oxygen, oxazines
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are classified as 1,2-oxazines, 1,3-oxazines and 1,4-oxazines. Benzo[1,4]oxazines are an
important class of heterocycles which are found in many natural products as well as in several
biologically active and medicinally important molecules. Natural products such as Blepharin,
Cephalandole A, C-1027-chr and other pharmaceuticals incorporating 2H-1,4-benzoxazine-
3(4H)one key scaffolds exhibit a wide range of biological activities such as potential activity
against several diseases including heart disease, an inhibitor of bacterial histidine protein
kinase, serotonin-3(5-HT3) receptor antagonists, neurodegenerative agents, antihypertensive
agents, inflammatory agents, analgesic, D2 receptor antagonists, antimycobacterial and

antifungal agents (Figure 1.12) (Didwagh et al. 2013, Sindhu et al. 2013, Jaiswal et al. 2017).
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Figure 1.12: Structures of pharmaceutically active compounds possessing 1, 4-benzoxazine
scaffolds.

A number of synthetic approaches for the synthesis of benzo[1,4]oxazines have been
reported over the past few decades. Scheme 1.11 shows general procedures for the synthesis

of benzo[1,4]oxazine moiety (Didwagh et al. 2013, Jaiswal et al. 2017).
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Scheme 1.11: Synthesis of benzo[1,4]oxazines.
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1.12 Thiazines

1,4-Benzothiazines has gained considerable attention due to its wide range of
biological and pharmacological activities such as antibacterial, anti-tubercular, antidiabetic,
antifungal, antiarrhythmic, antitumor, antipsychotic, and neurodegenerative diseases. It is
noteworthy that 1,4-benzothiazine is the pharmacophore of phenothiazines, which are well
established as antipsychotic drugs namely Chlorpromazine, Fluphenazine and Mesoridazine
used as antipsychotic drugs in many clinics (Figure 1.13) (Didwagh et al. 2013, Balwe et al.

2016).

e e ?
T oo CC

Chlorpromazine Fluphenazine Mesoridazine

\
/ Yo

:<//o

Figure 1.13: Examples of biologically active 1,4-benzothiazine derivatives.

Thiazines are mainly synthesized by the reaction of 1,2-aminothiophenol with 1,2-
dicarbonyl compounds (Jadamus et al. 1964, Roth et al. 1976), 1,3-dicarbonyl compounds
(Bhattacharya et al. 2017), phenacyl bromide (Yang et al. 2013), chalcones (Lin et al. 2016),
maleic anhydride (Kaul 1974, Jangir et al. 2015) etc. and some other methods were also
reported for their synthesis involving the sulphur insertion (Charrier et al. 2001, Majumdar

et al. 2014).
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Scheme 1.12: Synthesis of benzo-1,4-thiazines.

In view of the importance of above nitrogen containing organic compounds it is our
interest to explore the synthesis, reactivity and structural characterization of O-vinyl oximes,
carboxamides, quinoxalines, oxazines and thiazines, and the studies described in the

subsequent chapters 2-6, were undertaken.
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