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Abstract:

Chemistry plays important role for the betterment of the society. It helps in the better
knowledge for selection of substance which is used by the society for its day by day activity.
Chemical nature of the food material, agriculture and its related material, medicine, building
construction material, cloths forming materials help in effectiveness of these materials toward
better health of the society. The research in the field of medicine helps in development of many
drugs and medicine for helping the society to be healthy and disease free. The chemistry of
pyridine, as we understand it today, could be attributed in part to a number of discoveries made
in the latter half of the 19th century. Pyridine derivatives are very important chemicals with
tremendous biological application therefore they are very helpful in maintain the good health of
society by fighting against a no of disease. In medicinal applications these compounds share an
important part they are the part of many drugs.
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Introduction:

Pyridine derivatives are very important chemicals with tremendous biological application
therefore they are very helpful in maintain the good health of society by fighting against a no of
disease. The chemistry of pyridine, as we understand it today, could be attributed in part to a
number of discoveries made in the latter half of the 19th century. Now days there are many
methods for synthesis of pyridine and derivatives. As pyridine and there derivatives shows good
biological activity they may be used as drugs. They helps the society in fighting against a no of
disease therefore are very helpful for the betterment of the society in terms of health and related
iSsues.

DISCUSSION:
1.1. Pyridines and their biological activity.

The chemistry of pyridine, as we understand it today, could be attributed in part to a
number of discoveries made in the latter half of the 19th century. Thomas Anderson isolated the
first pyridine base, picoline, in 1846 from bone oil [1]. In 1869 the chemistry of pyridine started
to be rationalized when Wilhelm Kdérner and James Dewar (1871) independently formulated a
mono-aza-analogue of benzene [2].Following structural understanding a number of synthetic
processes were developed, starting with Baeyer who reported the synthesis of 2-picoline (2),
albeit in low yield [3,4] from the reaction of acrolein (1) with aqgueous ammonia (Scheme 1).
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Scheme 1: Synthesis of 2-picoline (2) from acrolein (1) and ammonia.

In 1876 Ramsey discovered the original laboratory synthesis of pyridine (3) [5]. Reacting a
mixture of acetylene and hydrogen cyanide in a red-hot tube gave the parent heterocycle (3)
(Scheme 2) [5], although large quantities of pyridine were more reliably obtained from natural

sources via coal tar distillation.
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Scheme 2: Synthesis of pyridine (3) from acetylene and HCN.

Koehn and Elvehjem were able to isolate nicotinamide (4) and nicotinic acid (5) from vitamin
B2 in the 1930s (Figure 1) [6] Their discovery provided a new treatment for human pellagra, a
vitamin deficiency causing dermatitis and dementia. From that date, researchers started to pay

closer attention to the synthesis and properties of pyridine derivatives.
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Figure 1: Structures of nicotinamide (4) and nicotinic acid (5).
The chemistry of pyridine provided fundamental understanding of the chemistry and properties
of biological systems, since this heterocycle plays an important role in both biological and
chemical coordination. The pyridine ring system is one of the most common heterocyclic motifs
that is found to modulate the enzymes of living organisms. For example, nicotinamide adenine
dinucleotide phosphate, NADP+ (6) (Figure 2), is intimately involved in various oxidation—
reduction processes in biology [7].

NADP™ (6)

Figure 2: Structure of nicotinamide adenine dinucleotide phosphate, NADP+ (6).
The pyridine moiety can be found in over 7000 pharmaceutical drugs such as the anti-
tuberculosis drug (7), the HIV inhibitor L-754,394 (8), agrochemicals (9-11) (Figure 3) [8] and a
large number of natural products [9-11].
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Figure 3: Structures of some pyridine containing pharmaceutical drugs and agrochemicals.
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The presence of the pyridine motif in a wide range of molecules makes it a very important
heterocyclic class in chemistry. In modern pharmaceuticals the motif is very common, with over
one hundred currently marketed drugs containing this vital unit [12]. Thepyridine motif is
common in nature and is present in a number of biologically active natural products. In
biological systems the potency of pyridines is well demonstrated by the essential vitamins niacin
(5) (vitamin B3) and pyridoxine (12) (vitamin B6) as well as the toxic alkaloid nicotine (13)
(Figure 4) [13].

HO
Q H
NOH HO™ ™Y, O X ril
o ~ ~
N N N

5 12 13

Figure 4: The pyridine motif is present in a number of biologically active molecules.
As well as natural products, the pyridine structure is commonly found in pharmaceutical agents.
Sulfapyridine (14) was one of the first antibiotics, used to treat Winston Churchill’s bacterial
pneumonia in 1942. Currently marketed drugs containing the pyridine unit include the
blockbuster drugs Omeprazole (15) (Nexium)® and loratadine (16) (Claritin)® (Figure 5) [12].
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Figure 5: The pyridine structure is found in pharmaceutical agents.

Pyridines have also found applications as ligands in organic and inorganic chemistry. 2,2’-
Bipyridine (bipy) is a bidentate chelating ligand that is used in the rhenium catalyzed reduction
of carbon dioxide [14]. Additionally, bipy has been incorporated into metal organic frameworks
as a heterogenous catalyst for the epoxidation of alkenes [15]. In synthetic organic chemistry,
with potential for biological applications, pyridines have found use as nucleophilic catalysts in
organic transformations. For example, 4-dimethylaminopyridine (DMAP) (17) has been widely
used in a range of transformations including acylation and esterification reactions [16,17]. With
this wide range of applications, methods for pyridine synthesis are an ever-present focus of new
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research, with reviews even focusing on the most recent advances in the synthesis of pyridine
derivatives [18].

1.2. Aminopyridines and their biological activity.

There is a wide array of different substituents and possible substitution patterns of pyridine
derivatives and of these, 2-aminopyridines have featured prominently in recent times as they
have been incorporated into new cancer treatments[19]. Amongst many other applications, 2-
aminopyridines are important as nitric oxide synthase inhibitors[20] intermediates in the
industrial synthesis of zolpidem (Ambien)[21] and also as ligands in organic and inorganic
chemistry [22].Aminopyridines are important compounds biologically, able to elicit a wide range
of biological responses in a number of different organisms. Sulfapyridine (14) was one of the
first effective antibiotics but their therapeutic application is just as relevant today[23]. 4-
Aminopyridine (Fampridine) has been used for the symptomatic treatment of multiple sclerosis
[24]. Furthermore, a 2-aminopyridine has recently been approved as a new anaplastic lymphoma
kinase (ALK) inhibitor (18) for treatment of non-small cell lung cancer (Figure 6) [19].
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Figure 6: 2-Aminopyridines are important in the pharmaceutical industry.

Pyridine Based DurgsAnd Their Utility
1. Niacin (nicotinic acid):itis prepared by the following methods

@ The molecule 2-methyl-5-ethylpyridine (1.11) can be prepared directly by the
condensation between acetaldehyde molecule and ammonia. In this reaction nitric acid
mediated oxidation then converts this to nicotinic acid (1.12). Although the initial
pyridine formation is high yielding but the process is not without environmental issues as
it produced the large excess of nitric acid and high temperatures combined with the
liberation of large amounts of gases such as nitric oxides and carbon dioxide which must
be scrubbed from the system (Scheme 1).this will help in protection of environment and
this will help in maintain the good health of society. Interestingly, despite these
considerations this method of synthesis is currently still run by the specialty chemicals
company Lonza but now as a continuous flow process at their main plant in Visp,
Switzerland.
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1.11, up to 90% 1.14

Scheme-1

(b)  There is another alternative process is based on the availability of 3-picoline (1.15) which
IS generated as a major side product in the synthesis of pyridine, prepared from the
reaction between formaldehyde, acetaldehyde and ammonia in a gas phase. (Scheme 3)
[25]. The 3-picoline can be readily oxidised via another gas-phase protocol route using a
fixed-bed reactor charged with vanadium pentoxide on high surface titanium dioxide (5—
50 wt % vanadium). A modification of the sequence utilizes a dehydrativeamminolys to
furnish the corresponding 3-cyanopyridine, which can then be subsequently hydrolyses to
nicotinic acid. The catalyst systems most commonly used in this high temperature
ammoxidation are based on vanadium, molybdenum or antimony oxides supported on
silica or alumina in solid phase.

V205 on TIOZ (j)\ O/L
240 290 °C
(gas phase)
0 1.16 1.12, >90% vyield
)J\ NH3, HCHO | = | from picoline
H tep 1 g
step
11 1.15, up to 40 % NHa, O,, 9 0
| aoc (j/CN NOH o @)LNH
V/Mo/Sh-oxides N/ N/
onAkOzorSi0; 4 4o 1.12, up to 88% yield 1.18
from picoline

Use:

Niacin is used to prevent and treat niacin deficiency known as pellagra. Niacin deficienc
results from certain medical conditions like alcohol abuse, malabsorption syndrome, Hartnup
disease etc.), poor diet, or long-term use of certain medications like isoniazid .Therefore niacin is
a good chemical to protect the health of the society.

2. Clarinex (Desloratadine): It is synthesized by following method.
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n-Buli (2 equiv), POC|3 heat
THF, then
3-CIPhCH,CI

1.24

i) MgCl cl
1 2 CF3SO3H or CICO,E,
_PPA__ then KOH, H;0_
THF

) HCI, H;0

1.28 1.22, clarinex

Uses:
Desloratadine is a medicinal molecule which act as an antihistamine used to relieve allergy

symptoms such as  watery eyes, runny  nose, itching eyes,eatcing  nose, sneezing, hives,
and itching in whole body. It works by blocking a certain natural substance (histamine) that the

human body makes during an allergic reaction.

3. Rosiglitazone.lt is synthesized by the following methods

H CHO
N POCI M on /©/
N0 NT cl 150 °C N7 NSO NaH, DMF,
H | 80 °C
1.42 1.43, quant. 1.45, 63%
ON-NH Oy—NH
/EO \FO
ZS S
N 148 Mg, MeOH
NHHOAc (‘j\ | =
1.49 NP~ O NZ SN
toluene reflux | |
1.47, 48% 1.50, 95% 1.40, rosiglitazone, 62%

Used:
Rosiglitazone is a very sensitive drug and is used with a proper diet and

exercise program to control high blood sugar in people suffering from type 2 diabetes.
Controlling the high blood sugar level in blood helps prevent kidney damage, blindness,
nerve problems, loss of limbs, and sexual problems in humans. Proper controls
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4.

Uses

of diabetes also lessen your risk of a heart attack or stroke. Rosiglitazone belongs to the
class of drugs known as glitziness. It also help in lowering blood sugar to restore your
body's proper response to insulin. Thus this medicine is very helpful for maintain the
good health of diabetic person.

Pioglitazone : It is synthesized by the following methods

0

H
J\ HCHO, 150 °C,
o o NH,0Ac, H,0 autoclave /\]jj\/\ 1.46
/]\O)\ K,COs3, toluene,

90 °C, 14 h

172 111 530/0 1.70, 23“/0

) A

}\/3 1.68
T @A“ m
N/ o J MeOH, piperidine, S‘\<
1.7

65 °C, 14 h,
ii) NaBHj, CoCl,, 1.41, pioglitazone, 13% ( 4steps

MeOH/H,0

Pioglitazone is also a diabetes drug .it is a thiazolidinedione-type drug. This is also used

along with a proper diet and exercise program to control high blood sugar level in blood in

patie

conc.,

nts with type 2 diabetes. It works by helping to restore the body's proper response to insulin
thereby lowering blood sugar level in blood .Controlling high blood sugar in the blood

helps prevent kidney damage, blindness, nerve problems, loss of limbs, and sexual function
problems in peoples. Proper control of diabetes with the help of this medivine may also lessen

your

risk of a heart attack or stroke. Pioglitazone is used either alone or in combination with

other diabetes medications like metformin or a sulfonylurea such as glyburide.
5. Etoricoxib: It is prepared by the following method
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SO,Me SO,Me
x i) TMPMgCI-LICI, 0 °C, 1 h HCl/dioxane,
| A ii) ZnCl,, —40 °C, 15 min ‘ X , 24 h i x
| iii) Pda(dba)s (1 mol %), i~
o7P(NMez2)2 RuPHOS (2 mol %), N" 9 N O
pMeSO,CeHaBr o7 P(NMez),
1.91 1.92, 88% 1.93, 95%
o MesSn N S0O;Me
i) HCI conc., KCIO3, 2Me 1.95 | P Cl x
50 °C, 30 min, cl N |
~ - p ™
ii) POCl, | Pd(PPhs)s N
N~ Cl NF
1.94, ~90% 1.90, etoricoxib

Used:

Etoricoxib is a medicine comes under the non-steroidal anti-inflammatory drug. It is also
known as an 'NSAID. Etoricoxib helps in easing pain and swelling (inflammation) in conditions
like osteoarthritis, rheumatoid arthritis and ankylosing, spondylitis and related.

6. Isoniazid: It is prepared by the following method

O._ OEt O~ NHNH, c
NH,NH, H,0 Ag.NaOH/1h/Reflux N
A X = A
| | NH,NH, H,O |
bz ~ ~
N N N
Isoniazid synthesis

Uses:

Isoniazidis a complimentary medicine wused with other medicationsto treat
active tuberculosis (TB) infections in peoples suffering from it. Sometimes It is also used alone
to prevent active TB infections in people who may be infected with the bacteria. Isoniazid also
work is an antibiotic. It works by stopping the growth of bacteria.This antibiotic treats
only bacterial infections and it will not work for viral infections like common cold, flu.

Conclusion:

Pyridine derivatives are very important chemicals with tremendous biological
application therefore they are very helpful in maintain the good health of society by fighting
against a no of disease. In medicinal applications these compounds share an important part they
Page | 244



https://www.webmd.com/drugs/2/drug-8665/isoniazid+oral/details
https://www.webmd.com/drugs/index-drugs.aspx
https://www.webmd.com/lung/understanding-tuberculosis-basics
https://www.webmd.com/a-to-z-guides/bacterial-and-viral-infections
https://www.webmd.com/a-to-z-guides/bacterial-and-viral-infections
https://www.webmd.com/cold-and-flu/default.htm
https://www.webmd.com/cold-and-flu/default.htm

Think India (Quarterly Journal)

@ ISSN: 0971-1260 Vol-22, Special Issue-08
IE\ /ll in collaboration with

o ]

EDUINDEX

Indira Gandhi Government Post Graduate College,

Bangarmau, Unnao-209868, Uttar Pradesh, India

are the part of many drugs. With changing substituents on the pyridine ring, the biological targets
vary from microbial diseased to viral diseases and variety of cancerous cells and much other
disease.
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