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General Remarks

10.

11.

GENERAL REMARKS

Melting points were recorded by open capillary method and are uncorrected.
IR spectra were recorded on Shimadzu FT IR-8400 (Diffuse reflectance
attachment) using KBr. Spectra were calibrated against the polystyrene
absorption at 1610 cm™.

'H & C NMR spectra were recorded on Bruker Avance 11 400 MHz NMR
spectrometer. Making a solution of samples in DMSO dg¢ and CDCl3 solvents
using tetramethylsilane (TMS) as the internal standard unless otherwise
mentioned and are given in the & ppm

Mass spectra were recorded on Shimadzu GC MS-QP 2010 spectrometer
operating at 70 eV using direct injection probe technique.

Analytical thin layer chromatography (TLC) was performed on Merck
precoated silica gel-G Fjs4 aluminium plates. Visualization of the spots on
TLC plates was achieved either by exposure to iodine vapor or UV light.

The chemicals used for the synthesis of intermediates and end products were
purchased from Spectrochem, Sisco Research Laboratories (SRL), Thomas
Baker, Sd fine chemicals, Loba chemie and SU-Lab.

Samsung MW83Y Microwave Oven have been used which was locally
modified for carrying out chemical reactions.

Evaporation of solvents was carried out on Heidolph OROTA-400-efficient
under reduced pressure.

% Yield reported are isolated yields of material judged homogeneous by TLC
and before recrystallization.

The structures and names of all compounds given in the experimental section
and in physical data table were generated from ChemBio Draw Ultra 10.0.

Elemental analysis was carried out on Vario EL Carlo Erba 1108.
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ABBREVIATIONS

'H NMR "H Nuclear Magnetic Resonance spectroscopy
A Angstrom

AcOH Acetic Acid

-Ar Aryl

Ar Aromatic

ASA Acetylsalicylic acid

Asym Asymmetric

BuLi Butyllithium

CAN Ceric ammonium nitrate

CBB Coomassie Brilliant Blue

CDCI3 Deuterated chloroform
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HMO Huckel Molecular Orbital
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Hz Hertz
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Chapter-1 Synthesis, Characterization and X-Ray Crystallographic Studies of 2, 4- Dimethyl Benzopyrylium Salts

1.1 INTRODUCTION

In the chemistry of heterocycles, compounds having an oxygen as a hetero atom are
referred to as oxygen heterocycles, which include several groups of compounds, viz.,
furans, benzofurans, pyrans, benzopyrans, chromenes, flavenes, chromenones,
flavenones, chromenols, flavenols, coumarins, benzopyrylium salts, flavylium salts,

xanthylium salts, etc. (Figure 1.1 & 1.2)

Figure 1.1

Furan Benzo Furan 2H-Pyran 4H-Pyran

2H-Benzopyran/ 4H-Benzopyran/

2H-Chromene 4H-Chromene 2H-Flavene 4H-Flavene
Figure 1.2
H OH R R OH
X X
| OH || | OH |
O H 0) O 'Ph (@) Ph

2H-2-Chromenol 4H-4-Chromenol 2H-2-Flavenol 4H-4-Flavennol

0] 0]
jeaioellealive!
@) 0] O @) O” "Ph O” 'Ph
Chromenone Chromenone Flavenone Flavenone
p-quinonoide 0-quinonoide p-quinonoide 0-quinonoide

R R R
X X O X O X o
X X ®
®/ ®/ — X
@) @) (@] R (@] Ph O

Coumarin Benzopyrylium salt ~ Flavylium salt ~ Xanthylium salt
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Chapter-1 Synthesis, Characterization and X-Ray Crystallographic Studies of 2, 4- Dimethyl Benzopyrylium Salts

All of these are well known for their occurrence in nature, biological activity and
wide applications in various fields. Because of wide occurrences in nature, important
applications in many cases and their inter-convertibility, a number of researchers have
been attracted to the chemistry of chromenes (flavenes), chromenols (flavenols) and

benzopyrylium salts. Several monographs have been devoted to this field. [1-8]

The chromene moiety, known as 2H-benzopyran appears as an important structural
component in both biologically active and natural compounds such as, alkaloids,
flavonoids, vitamin E family (tocopherols and tocotrienes) and anthocyanins.
Moreover, functionally substituted chromenes have played increasing roles in
synthetic approaches to promising compounds in the field of medicinal chemistry. [9]
Chromenes (2H-1-benzopyran derivatives) have also serve as the framework of a
range of tannins, which are becoming increasingly important because of their health-

promoting effects found in teas, vegetables, fruits, fruit juices and red wines. [10]

Benzopyrylium salts often known as chromylium salts (E1), were firstly prepared by
Decker and Fellenberg [11] and Perkin and Robinson, [12,13] which differ from other
heteocycles due to its aromatic character. The chromylium cation is best represented
in terms of the theory of resonance as resonance hybrid (E2), (Figure 1.3). No single
atom in the conjugated system carries all the charges; this charge is shared out over
the atoms in the ring, but for general practice the charge is shown on oxygen atom.
The structure of these salts is stabilized by resonance. The presence of hetero-atom
and of a positive charge makes the heterocyclic ring extremely susceptible to attack

by nucleophilic reagents, but it is relatively inert to attack by electrophilic reagents.

Figure 1.3
O
N O
@/X
(E1)
®
0] 0
Y Oy — L)
= = @
(E2)
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Chapter-1 Synthesis, Characterization and X-Ray Crystallographic Studies of 2, 4- Dimethyl Benzopyrylium Salts

1.2 LITERATURE REVIEW

Various methods have been employed for the synthesis of chromenes (flavenes),
chromenols (flavenols) and benzopyrylium salts. Some of them are summarized as

under.

Jie-Fei Cheng et al. [14] has shown Knoevenagel condensation of an appropriately
substituted 2-hydroxyl acetophenone with aryladehyde in the presence of piperidine
and acetic acid provides benzopyrone products in fair to good yields. When R;=H, the
condensation is carried out using lithium hexamethyldisilylamide as a base. Reduction
of the benzopyrone with NaBH4 followed by acid-promoted dehydration of the

resultant alcohol intermediate give the desired chromene derivatives.

Scheme 1.1
0o 0]
R R R R i
X T Ar-CHO AN 1 I) NaBH4, MeOH, rt R R
| T | P = \ AN 1
ZNOH Piperidine/ 0~ “Ar I) HCI | %
AcOH o A
THF

Nicos A. Petasis ef al. [15] carried out the one-step reaction of salicylaldehydes with
amines and alkenyl boronic acids or alkenyl trifluoroborates to form 2H-chromenes
(2H-1-benzopyrans) has been investigated in more detail and new suitable conditions
have been identified, including the use of tertiary amines and protic solvents including

water. This process was applied to a concise synthesis of a tocopherol analog.

Scheme 1.2
(HO),B H
OH 2 Ph N Ph
Br O + Ph —— » P
KF3B H,O Br
\u 80°C, 3h
Ph 82-90%
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Chapter-1 Synthesis, Characterization and X-Ray Crystallographic Studies of 2, 4- Dimethyl Benzopyrylium Salts

Bender et al. [16] prepared some chroman and chromene compounds having
pharmacological activity such as central nervous system depressant activity. A
preferred compound is 4-cyclohexyl-7(1,2-dimethylheptyl)-5-hydroxy-2,2-dimethyl-

2H-chromene.

Scheme 1.3

V Ya Sosnovskikh et al. [17] reported synthesis and reactions of some halogen-

containing chromones.

Scheme 1.4
Cl Br 4-RCgH,0H Cl O
»=CH-CHO —— >:CH_/< e =
cl uv cl O—CgH4R
AICI3 _ NaOH
X
R— -H, -CHj

Sukbok Chang et al. [10] gave a highly efficient and practical synthesis of chromene
derivatives using ring-closing olefin metathesis. (Condition A: 1 (2 mol %), CH,Cl,
(0.2 M), rt (2 h); condition B: 1 (6 mol %), C¢Hg (0.2 M), 60 °C (2 h); condition C: 1
(5 mol %), CH,Cl, (0.2 M), rt (10 h) and R;, Ry, R3 and R4 = different substituent’s
like methyl, methoxy, nitro etc.)

Department of Chemistry, Saurashtra University, Rajkot-360005. (INDIA) Page 4



Chapter-1 Synthesis, Characterization and X-Ray Crystallographic Studies of 2, 4- Dimethyl Benzopyrylium Salts

Scheme 1.5

X\)J\R:g

OH i) K,CO3, Acetone

(@]
TN Reflux, 2h /\”/
R = Rs > R~

4 ii) PPh3CH3Br, NaH

o THF, rt, 2-10 h R,

HO\/Q R,
OH

X R, O)W
Rii- >
7 R4 DEAD, PPh, R1~©/\‘/
THF, rt, 2-6 h

O R4
Scheme 1.6
R,
Rs3

N O/\\W RCM A0 R

R - R
Condition A, Bor C R3

R4 R4

Robin Doodeman et al. [18] reported synthesis of 2-substituted chromenes, which
were obtained via combination of ring-closing metathesis of allylic acetals to the
corresponding cyclic acetals, followed by lewis acid-mediated functionalization of the

resulting stable 1-benzopyrylium ion with suitable nucleophiles.

Scheme 1.7
C OB
ﬁ CHCl 1t 0. 0Bn
Pd(OAc)2 R =
R4 dppp, EtzN PhCH 80°C R
MeCN, rt, 1h !

Masato Matsugia et al. [19] have synthesized a variety of 5,4-disubstituted flavones,
which are anticipated to be androgen receptor antagonists to treat diseases mediated
by the androgen receptor, were synthesized. It was found that an intramolecular ipso-

substitution reaction via cesium enolate using 2-fluoro-6-hydroxyacetophenone and

Department of Chemistry, Saurashtra University, Rajkot-360005. (INDIA) Page 5



Chapter-1 Synthesis, Characterization and X-Ray Crystallographic Studies of 2, 4- Dimethyl Benzopyrylium Salts

various benzoyl chlorides were effective in the preparation of 5-hydroxy-4-

alkylflavones.
Scheme 1.8
O o 22
Acetone, relux
5-24 h

Where R= -Cl, -CF3, -NO,, -CN, etc.

Besides these, various chromene derivatives have been reported. [20-33]

The various methods have been reported for the synthesis of benzopyrylium salts
which mainly synthesized from phenols, 2-hydroxybenzaldehydes, 2-hydroxyphenyl

ketones and from heterocycles. Some of them are discussed here.

Bulow’s et al. [34] first reported this method, which consists of condensation of
polyhydric phenols with B-diketones using HCI in acetic acid media. Use of formic
acid as a solvent is uncertain as it may enter into the reaction giving the xanthylium
salts. Several B-diketones such as acetyl acetone, methylacetylacetone, [35,36]
dibenzoylmethane, [37] benzoyl acetone [38] and benzoylanisoylmethane [39,40]

have been used.

Scheme 1.9

\©/ HO O\ R o
® Cl
AcOH 4

R

Phenols when treated with o,B-unsaturated ketones (e.g., chalcones) in presence of an
oxidizing agent and HCI give benzopyrylium salts. Chloranil, FeCls, P,Os and I, have
been found to be the best oxidizing agents. Many ketones such as 2-
benzoylcoumarone, dibenzylideneacetone, dibenzylideneacetophenone, tetralone,

coumaran-3-one, chromanone and 2-chlorovinylketone have been used. [41-44]

Department of Chemistry, Saurashtra University, Rajkot-360005. (INDIA) Page 6



Chapter-1 Synthesis, Characterization and X-Ray Crystallographic Studies of 2, 4- Dimethyl Benzopyrylium Salts

Scheme 1.10

0] Ph
HO OH
©/ _ HCI
+ - >
Oxidizing agent
OMe OMe

Johnson and Melhuish [45] have reported the condensation of phenols with acetylic
ketones in the presence of an acid in acetic acid or ether, which results in the
formation of benzopyrylium salts. Unlike in the case of a,} -unsaturated ketones, no
oxidizing agent is required here. In this condensation less reactive phenol like phenol
itself condense in presence of HClO4 or FeCls; and HCI while for polyhydric phenols
like resorcinol, concentrated sulphuric acid in acetic acid, is the best reagent but HCI
in ether also serves well. The main drawback of this synthesis is that it cannot be used

for the synthesis of 3-substituted flavylium salts or anthocyanins.

Scheme 1.11

HO
OH O- Ph " HO O\ Ph o
+ J— . @ CI
_ =
HC™”
OH OH

Earlier Richard Otter et al. [46] reported condensation of salicaldehyde (I) with a-
substituted acetophenones (II) in absolute ether in the presence of hydrogen chloride
and perchloric acid produced the substituted flavylium perchlorates. These may be
represented by the allylic cationic resonance structures, III to IV as far as their

chemical properties indicate.

Scheme 1.12

C6H4 09 C6H4 C6H4
©:CHO CeHs HCIO4 C6H5 CeHs
CIO

0] (1) (1 (V)

G= -CH3 and -OCHj in 0-, m- and p- positions
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Chapter-1 Synthesis, Characterization and X-Ray Crystallographic Studies of 2, 4- Dimethyl Benzopyrylium Salts

Synthesis of benzopyrylium salts starting from 2-hydroxybenzaldehydes comprises of
its condensation with ketones, aldehyde and a-substituted B-ketoeters, it is general
method for the synthesis of benzopyrylium salts in which 2-hydroxybenzaldehydes
are condensed with o-ketone (containing a —CH,-CO- group) in the presence of an
acid. Several ketones and various 2-hydroxybenzaldehydes as well as 2-
hydroxynaphthaldehydes have been used in this reaction. Polyhydroxy benzaldehydes

do not condense easily but their acetyl derivatives give good results.

Le Fevre et al. [47] described that treatment of a mixture of 2-hydroxybenzaldehyde
and acetophenone in ether and 70% HClO4 with HCI at 0 °C is the best procedure for
large scale production of flavylium salts. B-diketones like acetyl acetone may be used

in this condensation which gives 2-substituted -3-acylbenzopyrylium salts. [48]

Scheme 1.13
o
HO OH HCI HO O\ Ph o
* > ® Cl
CHO Z

Acetophenones have also been reported to form flavylium salts when treated with

HCIO,. [49]

Scheme 1.14
OH 0)
. HCIO, OsPh o
— ® ClO,
7
(@]

R. L. Shriner et al. [50] reported one of the general methods for preparing 1-
benzopyrylium salts (II) consists in treating coumarin (I) (or substituted coumarins)
with one mole of the Grignard reagent under conditions such that 1,2 addition to the
carbonyl group occurs and then reaction of the adduct or the pyranol with a strong
acid as shown by the following. 1-Phenyl-2-benzopyrylium perchlorate was produced
by the action of phenyl magnesium bromide on isocoumarin followed by treatment

with perchloric acid.

Department of Chemistry, Saurashtra University, Rajkot-360005. (INDIA) Page 8



Chapter-1 Synthesis, Characterization and X-Ray Crystallographic Studies of 2, 4- Dimethyl Benzopyrylium Salts

Scheme 1.15

() (I

Peter Czerney et al. [51] developed preparation of 3,2'-bridged flavylium salts as laser

dyes and dye intermediates.

Scheme 1.16

0.0 Me,N OH Me:N
ST

Cl

N. L. Olenovich et al. [52] reported synthesis and properties of some o-
dihydroxychromenols. Condensation of pyrogallol with PhCOCH,COR in AcOH to

obtained desired product which can be used for photometric determination of

polyvalentions.
Scheme 1.17
O O OH OH ®
HO OH HO O.__Ph
+ HCI X
- S
J cl

V. I. Dulenko et al. [53] described formation of carbene in reactions of salts of 4-

aryloxymethyl-7-hydroxyflavylium with triphenylphosphine.

Scheme 1.18
Ph
®
HO OH HO Og_Ph
+ — S
o ~ clo,
O\Ph OPh
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Chapter-1 Synthesis, Characterization and X-Ray Crystallographic Studies of 2, 4- Dimethyl Benzopyrylium Salts

I. M. Gavrilyuk et al. [54] synthesized symmetric flavylocyanines from methoxy-

substituted 4-methylflavylium salts.

Scheme 1.19
(0] @]
MeO OH P h
©)UJ\ n e \©/ HCIO, MeO O« P@
e
=~ ClO,

M. M. Evstifeev et al. [55] observed the polarographic study of some cations of the

pyrylium series. Substituted pyrylium perchlorates were determined by single-sweep
polarography. The peak potentials in 2N H,SO4 supporting electrolyte were: 2,4,6-
trimethylpyrylium, 2,4,7-trimethyl-benzopyrylium and 7-hydroxy-2,4-dimethl-

benzopyrylium. The effect of adsorption on the electrochemical processes was also

discussed.
Figure 1.4
HO o, o ®
Q S O
~ cio, ~ cio, o s
= = _ 4

Dorofeenko G. N. et al. [56] reported synthesis of pyrylium salts from compounds
with a tertiary carbon atom, like in a solution of cumene in acetic acid, 70% HClO4
was added dropwise and heated upto half an hour. After dilution with ether, an oil,
which heated with C¢Hg, then taken up in acetone and ppts with ether, gave 6.7% 2,6-
dimethyl-4-phenylpyrylium perchlorate, which with NH4OH gave 2,6-dimethyl-4-
phenylpyridine. ~ Similarly, cumic acid gave 5%  2,6-dimethyl-4-p-
carboxyphenylpyrylium perchlorate. p-Cymene gave 1.55% 2,6-dimethyl-4-
ptolylpyrylium perchlorate also formed from p-MeC¢H4CMe,OH and acetic
anhydride in the presence of 70% HClO4. p-MeOCcH4sCMe,OH gave 2.5% 2,6-
dimethyl-4-p-anisylpyrylium perchlorate, p-Me,NC¢sHsCMe,OH gave 12% 2,6-
dimethyl-4-p-dimethylaminophenylpyrylium diperchlorate. = Pulegone gave 58%
2,4,7-trimethyl-5,6,7,8-tetrahydrobenzopyrylium perchlorate. Menthone gave 21%
2,4,7-trimethylbenzopyrylium perchlorate. Me,BuCOH and acetic anhydride with
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70% HCIO4 gave an oil which with NH4OH gave 61.5% mixed 2,6-dimethyl-4-butyl
and 2.,4,6-trimethyl-3-propylpyridines. C¢H;3CMe,OH gave similarly after treatment
with NH4OH 64% mixed 2,6-dimethyl-4-hexyl- and 2,4,6-trimethyl-3-amylpyridines.

Kojima Akio et al. [57(a)] reported some 2-[(Nitro)-9-fluorenylidene-methyl]-
benzopyrylium salts. Narkevich A. N. ef al. [57(b)] studied comparative cytogenetic

activity of some pyrylium salts.

Nesmeyanov, A. N. et al. [58] had studied absorption spectra of various pyrylium
salts, like 2-methylbenzopyrylium ferrichloride, 2,6-dimethylbenzopyrylium
ferrichloride,  6-hydroxy-2-methylbenzopyrylium  ferrichloride, = 7-hydroxy-2-
methylbenzopyrylium ferrichloride, flavylium ferrichloride, 6-methylflavylium
ferrichloride, 4',6-dimethylflavylium ferrichloride, 4'-bromo-6-methylflavylium
ferrichloride,  6-hydroxyflavylium ferrichloride, 4'-bromo-6-hydroxyflavylium
ferrichloride,  7-hydroxyflavylium ferrichloride, 4'-bromo-7-hydroxyflavylium

ferrichloride and 7-hydroxy-4-methoxyflavylium ferrichloride.

Scheme 1.20

R
OH o ® o
@ . FeCl;HCI Oy, Feci,
7z
CH;COOH /
cl ’ R

&
O

R
o) ©
OH FeCl,HCI N FeCl,
Tz
CH3;COOH ‘ Z >R
cl

In recent years, chemistry of thiopyrylium salts, [59] selenopyrylium salts and

telluropyrylium salts also have received considerable attention due to their various
applications as biologically active substances, medicinal preparations, valuable dyes,
indicators and sensitizers. Haruki Sashida studied preparations and reactions of 1-

benzoselenopyrylium salts and 1-benzotelluropyrylium salts. [60]
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Scheme 1.21
O
- H d\ NaHSe ©\)Jj\
Br  BusSn—— NaHTe
OH
NaBH4 |
o ® O
Se¢ R pn.cer, X
| — — LA
M R
M R S)
BF,
Where M=Se/Te m
DIBAL-H M R
Haruki Sashida also demonstrated X-ray crystallographic study of 1-

benzoselenopyrylium and 1-benzotelluropyrylium salt.

Figure 1.5
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Many references are found related to benzopyrylium chloride, perchlorate and some
are related to ferrichloride, but less attention has been devoted to benzopyrylium

sulphate salts. Maria J. Melo et al. [61] demonstrated synthetic approach for 7,4’-
dihydroxy-5-methoxyflavylium/dracoflavylium.

Scheme 1.22

HO OH Et,0 HO OH CH;COOH
Zn(CN) H30,  HoO
—» —>

ZnCI2

CHO ¢
OMe  Hcl (g) OMe >’®/OH

Beside these, much work has been carried out in the field of pyrylium, benzopyrylium
and isobenzopyrylium salts. [62-95]
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1.3 APPLICATIONS

1.3.1 Synthetic Applications

The vigorous development of the chemistry of pyrylium salts observed in recent years
is associated not only with the enormous theoretical interest in the reactions of the
carboxonium cation but also with the possibility of using such salts for the synthesis
of many aliphatic, aromatic and heterocyclic compounds, which sometimes cannot be
obtained by other procedures. In this sense, the cyclization reactions of pyrylium salts
under the influence of nitrogen-containing nucleophiles are of particular interest.
They lead to compounds among which effective biologically active substances, dyes,

metal corrosion inhibitors, emulsifying agents, etc. have been found. [96,97]

Benzopyrylium salts are true salts in which the presence of the hetero-atom and of a
positive charge makes the heterocyclic ring extremely susceptible to attack by
nucleophilic reagents, but relatively inert to attack by electrophilic reagents. Recently,
the reactivity indexes of flavylium salts have been calculated by HMO, [98] in which
they are shown to be most susceptible to electrophilic attack at Cs, C3 and C¢ and

nucleophilic attack at C4 and Cs.

Various synthetic applications of pyrylium salts are reported, some of them are

demonstrated here.

1) Interaction of pyrylium salts with ammonia and the simplest amines

In recent years the interaction of pyrylium salts with ammonia led to the synthesis of
new compounds of the pyridine series otherwise difficult to obtain. 2-Benzopyrylium
as well as pyrylium salts condensed with -N, -O, -S, and Se-containing heterocycles
react with ammonia to give respectively isoquinoline bases of pyridines condensed
with heterocycles. [99] 1-Benzopyrylium and xanthylium salts cannot be converted
into quinolines and acridines by treatment with ammonia, [100] but naphtha(b)
pyrylium salts have been converted into benzoquinoline derivatives in satisfactory

yield by reaction with ammonia. [101]

Department of Chemistry, Saurashtra University, Rajkot-360005. (INDIA) Page 14



Chapter-1 Synthesis, Characterization and X-Ray Crystallographic Studies of 2, 4- Dimethyl Benzopyrylium Salts

Scheme 1.23

©
g §
O R NH; N R
_—
= O =

R1 R1

2) Reaction with compounds containing the S=N, C=N and N3 groups

The reaction of 4-methylflavylium perchlorate with diphenyl formamidine leads to an

aminovinylpyrylium salt. [102]

Scheme 1.24

@ @
O._Ph Oy Ph
N Ph-N=CH-NH-Ph
_ o > = C|O4
Ciog PN, CH=CH-NH-Ph
Me il
3) Interaction with amines containing other functional groups

Flavylium salts with the free 4-position are attacked by hydrazine exclusively in the
2-position. The addition product then isomerises with the opening of the pyran ring

and cyclises to 4,5-dihydro-/H-pyrazole. [103]

Scheme 1.25

R
NHzNH, o of O R"
_—
]
HN-N

1-Benzopyrylium pyrylia[2,3-c]indole salts react with phenyl hydrazine to form

pyrazolines. [104,105]
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Scheme 1.26
Ph
®
O._Ph \
s Ph-NH-NH, [ °N
=z 0 ——*> N
clo, Ph
R OH

While in case of 1-Aryl-2-benzopyrylium salts react with hydrazine and are converted

into SH-2,3-benzodiazepines. [106]

Scheme 1.27
Et
MeO b Et
f®  NHyNH, MeO N\
-0 o N
Ar
Ar

4) Hydrolysis of benzopyrylium salts

The products obtained by the hydrolysis of benzopyrylium salts depend on the
substituents present in the molecule, the hydrolyzing agent and the conditions of

hydrolysis. Benzopyrylium salts with mild base yield chromenol and flavenols. [107]
Scheme 1.28

Oo._ R

®\ o Hydrolysis 0 gH O R

Z X mild base _ OR |
(6]

H
R R

5) Grignard reaction of benzopyrylium salts

Grignard reagents attack benzopyrylium salts at C, and C4 and give chromenes or
flavenes depending upon the substituents present in the pyran ring. Flavylium chloride
and 3-phenyl flavylium ferrichloride with phenyl magnesium bromide give 4-phenyl-
2-flavene derivatives, whereas 4-phenyl flavylium ferrichloride gives 2,4-diphenyl-3-

flavene. [107]
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1.3.2 Pharmacological & Industrial Applications

Chromenes and its derivatives are key structural units of a variety of biologically
important compounds, many of which are pharmaceutically significant. Their basic
structural framework for example is a common feature of many types of tannin and
polyphenols found in teas, fruits, vegetables and red wines and these compounds have
become increasingly important as a result of their health-promoting effects. Many

pharmaceutical activities are associated with the derivatives of chromenes. [108]

The 2H-benzopyran, daurichromenic acid is known to exhibit anti-HIV properties,
[109] while coutareagenin possesses antidiabetic activity. [110] Derivatives of 3,4-
diphenylchromans are known to have estrogenic activity. [111] Numerous derivatives
of 2H-benzopyrans are useful for treatment of proliferative skin disorder and

microbial infections [112] and show potent antifungal activity. [113]

Salts of pyrilium, thiopyrilium and selenopyrilium derivatives are studied for their
effect on the catalytic activity of acetyl cholinesterase of human blood erythrocytes
and butyryl cholinesterase of horse blood serum which is measured by the method of
potentiometric titration. All enumerated salts are established to be strong reversible
inhibitors of mixed-type cholinesterases. [114] Pyrilium salts like 2,4,6-
trimethylpyrilium, 2-methyl-5,6,7,8-tetrahydrochromylium, 1,3-dimethyl-5,6,7,8-
tetrahydro-isochromylium and symoctahydro-xanthylium perchlorates are also

reported as effective mutagens. [115]

Benzopyrylium salts are widely applicable in industry. They are found to be very
useful as surface dyeing of leather, wool, cotton and polyamide textiles.
Hydroxybenzopyrylium salts containing methyl radicals in a or y position of the
heterocycles are readily condensed via these methyl groups with aldehydes, ketones,
acid anhydrides, nitroso compounds and formic acid and its derivatives. The resulting
new compounds have a tanning effect because of their phenolic hydroxy groups and
they are valuable dyes for dyeing leather. [116,117] They are also applicable as

tanning developers. [118]

Benzopyrylium salts are also applicable for the photometric determination of

Germanium in dusts and intermediate products of non-ferrous metallurgy. [119] They
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are also found useful for the colorimetric determination of Zirconium and Hafnium.

[120]

4-Amino benzopyrylium, 4-amino benzothiopyrylium as well as several pyrylium,
benzopyrylium and benzothiopyrylium perchlorates are useful sensitizers for
conventional organic photoconductors. [121,122] Pyrylium salts are useful as
sensitizing agent for electrophotographic material with panchromatic sensitivity in the

visible spectrum region. [123]

7,8-Dihydroxy-2,4-dimethylchromylium chloride can be used as the developing
agent, [124,125] while amino substituted 2-(3-coumaryl) chromylium salts are useful

in electrography. [126]

Above evidences revealed that these salts can be useful as biologically active
substances, medicinal preparations, valuable dyes, indicators, tanning agents and
sensitizers. The specific distribution of the electron density of a heteroatom over the
aromatic ring system and the specific crystal structure provide transport of both

electrons and ions in compounds of this type. [127]
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1.4 AIM OF CURRENT WORK

The present work is an off-shoot of the work being carried out on Pechmann
condensation. [128,129] The Pechmann condensation [130,131] is between phenols
and B-ketonic esters while in this case 1,3-diketone has been condensed with phenols

to furnish some benzopyrylium salts.

The aim of current work is to prepare a small series of chromene derivatives,
especially benzopyrylium salts by a simple and efficient method in good yield for the

biological interest.
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1.5 REACTION SCHEME

1.5.1 Preparation of 2, 4-Dimethylchromenylium Perchlorate Salts (MNP-001 to

013)
Ry
0 @
OH Re ©
X 70% HCIO, N °
| > Cl04
R + Dry HCI =
G R3
O
Ry

Where R=-OH, -CH3, -OCHj3, Allyl etc.
Ry, Ry, R3 & R4=-OH, -CH3, -OCH3;, Allyl etc.

1.5.2 Preparation of 2, 4-Dimethylchromenylium Sulphate Salt (MNP-014 to 017)

A 80% H,SO,
—_—

Where R=-OH, di OH or 7, 8-benzo
Ry, Ry, R3 & Ry=-H, -OH or 7, 8-benzo
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1.6 PLAUSIBLE REACTION MECHANISM
H HOG‘)) OH (o(%
. ©) ©) 2
Ny gy wging 4
— 4+ — Y O
N\
O O 0 HO
©) S) )
® ® ®
X 0 X0 0
@@ — Xy~ ]
= NS bi
H
HOY

Where X= ClO4 or HSO4
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1.7 EXPERIMENTAL

1.7.1 Analysis Protocols

Melting points were determined in open capillary tubes and are uncorrected.
Formation of the compounds was routinely checked by TLC on silica gel-G plates of
0.5 mm thickness and spots were located by iodine and UV. IR spectra were recorded
in Shimadzu FT-IR-8400 instrument using KBr Powder method. Mass spectra were
recorded on Shimadzu GC-MS-QP-2010 model using Direct Injection Probe
technique. '"H NMR was determined in CDCls/ DMSO-ds/MeOD/TFA solution on a
Bruker Avance I1 400 MHz NMR spectrometer. UV analysis was carried out using
Shimadzu UV-Visible Spectrophotometer Pharmaspec-1700. Elemental analysis of
the all the synthesized compounds was carried out on Elemental Vario EL III Carlo

Erba 1108 model. All the results are in agreements with the structures assigned.

1.7.2 Preparation of substituted-2,4-Dimethylchromenylium Perchlorate Salts

(General procedure)

To a mixture of substituted phenol (0.05 mole) and acetyl acetone (0.05 mole),
perchloric acid (70%; 7.5 mL) was added drop-wise with external cooling at 5-10 °C
temperature. After addition of perchloric acid, the reaction mixture was further
allowed to cool at 5-10 °C and dry hydrogen chloride gas was bubbled through the
reaction mixture for 1 hour. Reaction mixture became reddish in colour and was kept
overnight at room temperature. Then reaction mixture diluted with excess of dry ether
and coloured precipitates were obtained, which was filtered and thoroughly washed

with dry ether. Crude product was recrystallized from glacial acetic acid.

1.7.3 Preparation of substituted-2,4-Dimethylchromenylium Sulphate Salts

(General procedure)

To a mixture of substituted phenol (0.05 mole) and acetyl acetone (0.05 mole),

sulphuric acid (2.5 mL) was added drop-wise with external cooling at 5-10 °C
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temperature. Reaction mixture was kept overnight at room temperature. Then reaction
mixture was diluted with the mixture of dry ether and ethanol (70:30) and coloured
precipitates were obtained, which was filtered and thoroughly washed with dry ether.

Crude product was recrystallized from ethanol.

The physical data of newly synthesized compounds are given in Table No. 1.9.1.

1.8 PROPERTIES

All 2,4-dimethylbenzopyrylium salts (Perchlorate & Sulphate) are crystalline solids,
soluble in polar solvents like methanol, ethanol, acetic acid and acids; insoluble in
non-polar solvents like benzene, diethyl ether and hexane. All the salts are less stable
with respect to temperature, moisture and also sometimes light sensitive. 7,8-
dihydroxy-2,4-dimethyl benzopyrylium salt, 5,7-dihydroxy benzopyrylium salt and
tetra methyl benzopyrylium salts are more stable in comparison with other salts. With
base (aqueous sodium bicarbonate, sodium carbonate, sodium hydroxide and sodium

acetate) they yield corresponding chromenols or anhydro bases.
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1.9

1.9.1 Physical Data Table of 2, 4-Dimethylchromenylium Salts

PHYSICAL DATA

Ry
Ry X
X
@
" F
R4
Where X = ClIO, or HSO,

Sr. Sample Substitution Molecular MP | Yield

No. Code R, R, R; Ry Formula A °C % Colour
1 MNP-001* H OH H C1H;,0, ClOy4 274 164 90 Yellow
2 MNP-002* H H CH; H C,H50 ClOy4 272 160 45 Pale Yellow
3 MNP-003* H CH; H C,H 50 ClOy4 272 180 85 Pale Yellow
4 MNP-004 CH; H CH; H Cy3H50 ClOy4 286 163 70 Pale Green
5 MNP-005 CH; CH; H H Cy3H50 ClOy4 286 219 85 Pale Yellow
6 MNP-006 H CH; H CH; Cy3H50 ClOy4 286 251 75 Pale Yellow
7 MNP-007 H OCH; H H C1,H150,Cl104 288 190 80 Reddish
8 MNP-008 H CH; CH; H Cy3H50 ClOy4 286 206 70 Pale Yellow
9 MNP-009 Benzo H H Cy5H50 ClOy4 308 208 60 Green
10 MNP-010 H H Benzo CsH30 ClO, 308 219 58 Brown
11 MNP-011%* OH OH H H C1H,,0; ClO4 290 166 90 Orange
12 MNP-012%* H OH H OH C1H,0; ClO4 290 240 85 Yellow
13 MNP-013 OCH; H H Allyl CisH,0, ClO4 328 172 70 Yellow
14 MNP-014 H OH H H C1H;,0,HSO, 272 174 78 Yellow
15 MNP-015 OH OH H H C1H10; HSO, 288 212 85 Orange
16 MNP-016 H OH H OH C1H10; HSO, 288 213 82 Yellow
17 MNP-017 Benzo H H C,5H,50 HSO, 306 335 60 Green

NB: “*’ Indicating the compounds are reported. Ref. No. [55, 56, 57(a, b)]
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1.10 SPECTRAL DISCUSSION

1.10.1 UV Spectra

UV analysis of the synthesized compounds was recorded on Shimadzu UV-Visible
Spectrophotometer Pharmaspec-1700. In the present case ultra-violet absorption
spectra of 2,4-dimethylbenzopyrylium perchlorates and 2,4-dimethylbenzopyrylium

sulphates have been studied and obtained data are demonstrated here.

Sr. Sample M L) A3 Ay ds
No. Code log &; log &, log &; log &4 log &5
U | MNP0t e 05T | 0067 063
2| MNP0z | o : :
3| MNP003 | k0 : :
I Il o YT R : :
S| MNP00s e : :
6 | MNP-006 ot oass T o.5% :
7| MNP-007 1%61528 0%3?963 0?;)669 -(l).302020 0%17 §6
8| MNP-008 0T oaso | 0.855 :
9 | MNP-009 327(5);88 2%289 0%21 ? 6 0%? 767 :
10| MNP-010 | 28— 2 S o :
I I S S T Y 055
12| MNPOL2 | s | oar | onr | s
13| MNP013 006 | 0019 G0
14| MNP0 |0 i | o 376
15 | wnpors 2L 6 |- L M6 |4k
16| MNP-0I6 | 5s o sie | 000 | 0022 | 006
17| MNP0 |5 e |05 | boi |
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1.10.2 IR Spectra

IR spectra of the synthesized compounds were recorded on Shimadzu FT-IR 8400
model using KBr powder method. Various functional groups present were identified

by characteristic frequency obtained for them.

The characteristic bands of OH group showed in the region of 3650-3550 cm™ with
the deformation due to in plane bending at 1200-1000 cm™. Aromatic C-H stretching
and bending vibrations showed at 3070-3030 cm™ and 1400-600 cm™ respectively. C-
H stretching and bending frequencies for methyl group were obtained near 2950-2850
cm™ and 1450-1375 respectively. Characteristic frequency of C-O stretching and

bending vibration showed near 1250 cm™and 1050 cm™ respectively.

1.10.3 Mass Spectra

Mass spectra of the synthesized compounds were recorded on Shimadzu GC-MS QP-
2010 model using direct injection probe technique. The base peak was found in

agreement with molecular weight of the respective compound.

1.10.4 "H NMR Spectra

"H NMR spectra of the synthesized compounds were recorded on Bruker Avance II
400 MHz NMR spectrometer by making a solution of samples in CDCIl3/ DMSO-
ds/MeOD/TFA solvent using tetramethylsilane (TMS) as the internal standard unless
otherwise mentioned. Number of protons identified from 'H NMR spectra and their
chemical shift (6 ppm) were in the agreement of the structure of the molecule. J
values were calculated to identify o-, m- and p- coupling. In some cases, aromatic
protons were obtained as multiplet. Interpretation of representative spectrum is

discussed as follows.
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1.10.4.1 "H NMR of 2,4,7,8-Tetramethylchromenylium Perchlorate (MNP-005)

1. Proton no. 3 and 4 of total 6H of —CHj3 group gave a singlet at 2.69 ¢ ppm.

2. Proton no. 1 of total 3H gave a singlet at 3.08 6 ppm.

3. Proton no. 2 of total 3H gave a singlet at 3.13 6 ppm.

4. Proton no. 5 of 1H gave a singlet at 7.80 6 ppm, which was merged with
proton no. 6.

5. Proton no. 6 of 1H gave a doublet at 7.83 & ppm- 7.84 & ppm and J value of
this proton is 5.92 Hz which suggest ortho coupling.

6. Proton no. 7 of 1H gave a doublet at 8.116 ppm- 8.13 & ppm and J value of
this proton is 8.52 Hz which suggest ortho coupling.

Thus, by observing and assigning the signals in the NMR spectrum and by the
calculation of the J values for above proton, we can clearly suggest that the proposed
structure for compound MNP-005 has been confirmed. The spectrum is given on page

no. 35.
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1.10.5 ®C NMR Spectra

BC NMR spectra of the synthesized compounds were recorded on Bruker Avance II
400 MHz NMR Spectrometer by making a solution of samples in CDCl;/ DMSO-
ds/MeOD/TFA solvent using tetramethylsilane (TMS) as the internal standard unless
otherwise mentioned. Types of carbons identified from NMR spectrum and their

chemical shifts (6 ppm) were in the agreement with the structure of the molecule.

1.10.6 Elemental Analysis

Elemental analysis of the synthesized compounds was carried out on Vario EL Carlo
Erba 1108 which showed calculated and found percentage values of Carbon,

Hydrogen and Nitrogen in support of the structure of synthesized compounds.

The analytical data for individual compounds synthesized in this chapter is mentioned

here.

e ——
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1.11 ANALYTICAL DATA

1) 7-Hydroxy-2,4-dimethylchromenylium Perchlorate (MNP-001)

Yield: 90 % IR (cm™): 3640-3600 (O-H str.), 3045-3030 (Ar C=C-H str.), 2980
(Asym C-H str. -CHs), 2920 (Sym C-H str. -CH3), 1545, 1500, 1400 (Ar C=C str.),
1345 (C-H bend —CH3), 1410-1310 (O-H bend), 1330 (C-OH), 800-750 (C-H oop
def); MS: m/z: 274.02, 175.08 (BP); "H NMR (MeOD) ¢ ppm: 3.80-3.85 (d, 6H),
8.33-8.34 (d, 1H, J=2.8), 8.38-8.41 (m, 2H), 9.11-9.14 (d, 1H, J=12); “C NMR
(CDCl3)0 ppm: 21.9, 23.34, 105.96, 111.67, 115.43, 119.18, 121.39, 122.30, 122.93,
125.06, 131.77, 170.93, 174.78181.25; Anal. Calculated for C;1H;,0, ClO4, C, 48.10;
H, 4.04; CI, 12.91; O, 34.95; Found: C, 48.25; H, 3.93.

2) 2,4,6-Trimethylchromenylium Perchlorate (MNP-002)

Yield: 45 % IR (cm™): 3045-3030 (Ar C=C-H str.), 2980 (Asym C-H str. -CH3), 2920
(Sym C-H str. -CHj3), 1545, 1500, 1400 (Ar C=C str.), 1345 (C-H bend —CH3), 1120-
1000 (C-O str), 800-750 (C-H oop def); MS: m/z: 272.05, 173.23 (BP); '"H NMR
(CDCl3) 0 ppm: 2.66 (s, 3H), 3.09 (s, 3H), 3.14 (s, 3H), 8.055-8.058 (d, 2H, J=1.08,),
8.12-8.14 (s, 2H, J=0.48, J=5.48); Anal. Calculated for C;pH;;0 ClO,, C, 52.86; H,
4.81; Cl, 13.00; O, 29.34: Found: C, 52.94; H, 4.73.

3) 24,7-Trimethylchromenylium Perchlorate (MNP-003)

Yield: 85 % IR (cm™): 3045-3030 (Ar C=C-H str.), 2980 (Asym C-H str. -CH3), 2920
(Sym C-H str. -CHs), 1545, 1500, 1400 (Ar C=C str.), 1345 (C-H bend —CH3), 1120-
1000 (C-O str), 800-750 (C-H oop def); MS: m/z: 272.05, 173.23 (BP); Anal.
Calculated for C;,H;,0 ClOy4, C, 52.86; H, 4.81; Cl, 13.00; O, 29.34: Found: C, 52.73;
H, 4.78.

4) 24,6,8-Tetramethylchromenylium Perchlorate (MNP-004)

Yield: 70 % IR (cm™): 3045-3030 (Ar C=C-H str.), 2980 (Asym C-H str. -CH3), 2920
(Sym C-H str. -CHj3), 1545, 1500, 1400 (Ar C=C str.), 1345 (C-H bend CH3), 1120-
1000 (C-O str), 800-750 (C-H oop def); MS: m/z: 286.06, 186.14 (BP); Anal.
Calculated for C;5H;50 ClOy, C, 54.46; H, 5.27; Cl, 12.37; O, 27.90: Found: C, 54.55;
H, 5.14.
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5) 2,4,7,8-Tetramethylchromenylium Perchlorate (MNP-005)

Yield: 85 % IR (cm™): 3045-3030 (Ar C=C-H str.), 2980 (Asym C-H str. -CHs), 2920
(Sym C-H str. -CHj), 1545, 1500, 1400 (Ar C=C str.), 1345 (C-H bend —~CH), 1120-
1000 (C-O str), 800-750 (C-H oop def); MS: m/z: 286.06, 186.14 (BP); '"H NMR
(CDCls) & ppm: 2.69 (s, 6H), 3.08 (s, 3H), 3.13 (s, 3H), 7.80 (s, 1H), 7.83-7.84 (d, 1H,
J=5.92), 8.11-8.13 (d, 1H, J=8.52); 13C NMR (CDCls) § ppm: 23.70, 23.98, 26.83,
29.17, 112.04, 115.80, 119.55, 120.46, 123.31, 125.45, 126.11, 138.57, 143.97,
157.18, 162.10, 178.38, 182.10; Anal. Calculated for Ci3H;sO ClOy, C, 54.46; H,
5.27; Cl, 12.37; 0, 27.90: Found: C, 54.52; H, 5.36.

6) 2,4,5,7-Tetramethylchromenylium Perchlorate (MNP-006)

Yield: 75 % IR (cm™): 3045-3030 (Ar C=C-H str.), 2980 (Asym C-H str. -CH3), 2920
(Sym C-H str. -CHs), 1545, 1500, 1400 (Ar C=C str.), 1345 (C-H bend —CH3), 1120-
1000 (C-O str), 800-750 (C-H oop def); MS: m/z: 286.06, 186.14 (BP); MS: m/z:
286.06, 186.14 (BP); 'H NMR (TFA) 6 ppm: 3.46 (s, 3H), 3.78-3.81 (s, 6H), 4.00-
4.03 (s, 3H), 8.44 (s, 1H), 8.51 (s, 1H), 8.61 (s, 1H); *C NMR (CDCls) 6 ppm: 23.70,
23.98, 26.83, 29.17, 112.04, 115.80, 119.55, 120.46, 123.31, 125.45, 126.11, 138.57,
143.97, 157.18, 162.10, 178.38, 182.10; Anal. Calculated for C;3H;50 ClO4, C, 54.46;
H, 5.27; Cl, 12.37; O, 27.90: Found: C, 54.39; H, 5.21.

7) 7-Methoxy-2,4-dimethylchromenylium Perchlorate (MNP-007)

Yield: 80 % IR (cm™): 3045-3030 (Ar C=C-H str.), 2980 (Asym C-H str. -CH3), 2920
(Sym C-H str. -CHj3), 1545, 1500, 1400 (Ar C=C str.), 1345 (C-H bend —CH3), 1260-
1200 (Ar-O-Al str), 1120-1000 (C-O str), 800-750 (C-H oop def); MS: m/z: 288.68,
189.09 (BP); "H NMR (DMSO) 6 ppm: 3.07 (s, 6H), 4.14 (s, 3H), 7.53-7.56 (m, 2H),
7.87 (s, 1H), 8.32-8.35 (d, 1H, J=6.12); Anal. Calculated for C,H;30 ClO4, C, 49.93;
H, 4.54; Cl, 12.28; O, 33.25: Found: C, 49.88; H, 4.61.

8) 2,4,6,7-Tetramethylchromenylium Perchlorate (MNP-008)

Yield: 70 % IR (cm™): 3045-3030 (Ar C=C-H str.), 2980 (Asym C-H str. -CHs), 2920
(Sym C-H str. -CHj), 1545, 1500, 1400 (Ar C=C str.), 1345 (C-H bend —~CHs), 1120-
1000 (C-O str), 800-750 (C-H oop def); MS: m/z: 286.06, 186.14 MS: m/z: 287.06,
186.14 (BP); "H NMR (TFA) & ppm: 3.35 (s, 3H), 3.42 (s, 3H), 3.81-3.83 (d, 6H),
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8.53 (s, 1H), 8.71 (s, 1H), 8.89 (s, 1H); *C NMR § ppm: 21.36, 22.18, 22.82, 23.83,
111.70, 115.45, 119.21, 121.67, 122.96, 123.60, 125.79, 128.07, 145.49, 157.86,
159.12, 175.79, 182.68; Anal. Calculated for Ci3H;5s0 ClO,, C, 54.46; H, 5.27; Cl,
12.37; O, 27.90: Found: C, 54.41; H, 5.30.

9) 2,4-Dimethylbenzo[h|chromen-1-ium Perchlorate (MNP-009)

Yield: 60 % IR (cm™): 3045-3030 (Ar C=C-H str.), 2980 (Asym C-H str. -CH3), 2920
(Sym C-H str. -CHs), 1545, 1500, 1400 (Ar C=C str.), 1345 (C-H bend —CH3), 1120-
1000 (C-O str), 800-750 (C-H oop def); MS: m/z: 308.71, 209.26 (BP); Anal.
Calculated for C;5H;30 ClOy4, C, 58.36; H, 4.24; Cl, 11.48; O, 25.91: Found: C, 58.42;
H, 4.19.

10) 1,3-Dimethylbenzo[f]chromen-4-ium Perchlorate (MNP-010)

Yield: 58 % IR (cm™): 3045-3030 (Ar C=C-H str.), 2980 (Asym C-H str. -CH3), 2920
(Sym C-H str. -CHs), 1545, 1500, 1400 (Ar C=C str.), 1345 (C-H bend —CH3), 1120-
1000 (C-O str), 800-750 (C-H oop def); MS: m/z: 308.71, 209.26 (BP); "H NMR
(CDCl3) 0 ppm: 3.10 (s, 3H), 3.47 (s, 3H), 7.93-7.97 (t, 1H), 8.01-8.06 (m, 3H), 8.21-
8.23 (dd, 1H, J=1.28, J=6.72), 8.62-8.64 (d, 1H, J=9.16), 8.84-8.86 (d, 1H, J=8.56);
Anal. Calculated for C;5H;30 ClOy, C, 58.36; H, 4.24; Cl, 11.48; O, 25.91: Found: C,
58.30; H, 4.28.

11) 7,8-Dihydroxy-2,4-dimethylchromenylium Perchlorate (MNP-011)

Yield: 90 % IR (cm™): 3600-3640 (O-H str), 3045-3030 (Ar C=C-H str.), 2980
(Asym C-H str. -CHj3), 2920 (Sym C-H str. -CHj3), 1545, 1500, 1400 (Ar C=C str.),
1345 (C-H bend —CH3), 1410-1310 (O-H bend), 1330 (C-OH), 800-750 (C-H oop
def); MS: m/z: 290.65, 191.20 (BP); "H NMR (CDCl3) § ppm: 2.99-3.028 (d, 6H),
7.52-7.55 (d, 1H, J=9.16), 7.66-7.67 (s, 1H), 7.81-7.83 (d, 1H, J=9.16); Anal.
Calculated for C,;H;,0 ClOy4, C, 45.46; H, 3.81; Cl, 12.20; O, 38.53: Found: C, 45.53;
H, 3.76.

12) 5,7-Dihydroxy-2,4-dimethylchromenylium Perchlorate (MNP-012)

Yield: 85 % IR (cm’): 3600-3640 (O-H str), 3045-3030 (Ar C=C-H str.), 2980
(Asym C-H str. -CHj), 2920 (Sym C-H str. -CHj), 1545, 1500, 1400 (Ar C=C str.),
1345 (C-H bend —CHs), 1410-1310 (OH bend), 1330 (C-OH), 800-750 (C-H oop def);
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MS: m/z: 290.65, 191.20 (BP); Anal. Calculated for C;1H;;0 CIO4, C, 45.46; H, 3.81;
Cl, 12.20; O, 38.53: Found: C, 45.39; H, 3.87.

13) 6-Allyl-8-methoxy-2,4-dimethylchromenylium Perchlorate (MNP-013):

Yield: 70 % IR (cm™): 3045-3030 (Ar C=C-H str.), 2980 (Asym C-H str. -CH3),
2920 (Sym C-H str. -CHj3), 1545, 1500, 1400 (Ar C=C str.), 1345 (C-H bend —CH3),
1260-1200 (Ar-O-Al str), 1120-1000 (C-O str), 800-750 (C-H oop def); MS: m/z:
328.74, 229.29 (BP); '"H NMR (CDCl3) 6 ppm: ;Anal. Calculated for C;;H;;0 ClO4,
C, 54.80; H, 5.21; Cl, 10.78; O, 29.20: Found: C, 54.74; H, 5.34.

14) 7-Hydroxy-2,4-dimethylchromenylium sulphate (MNP-014)

Yield: 78 % IR (cm™): 3600-3640 (O-H str), 3045-3030 (Ar C=C-H str.), 2980
(Asym C-H str. -CHs), 2920 (Sym C-H str. -CHj3), 1545, 1500, 1400 (Ar C=C str.),
1345 (C-H bend —CH3), 1410-1310 (O-H bend), 1330 (C-OH), 800-750 (C-H oop
def); MS: m/z: 272.27, 175.20 (BP); Anal. Calculated for C;1H;;0, HSO4, C, 48.52;
H, 4.44; O, 35.26; S, 11.78: Found: C, 48.46; H, 4.50; S, 11.71.

15) 7,8-Dihydroxy-2,4-dimethylchromenylium Sulphate (MNP-015)

Yield: 85 % IR (cm™): 3600-3640 (O-H str), 3045-3030 (Ar C=C-H str.), 2980
(Asym C-H str. -CH3), 2920 (Sym C-H str. -CH3), 1545, 1500, 1400 (Ar C=C str.),
1345 (C-H bend —CH3), 1410-1310 (O-H bend), 1330 (C-OH), 800-750 (C-H oop
def); MS: m/z: 288.27, 191.20 (BP); Anal. Calculated for C;;H;;03; HSO4, C, 45.83;
H, 4.20; O, 38.85; S, 11.12: Found: C, 45.72; H, 4.31; S, 11.08.

16) 5,7-Dihydroxy-2,4-dimethylchromenylium Sulphate (MNP-016)

Yield: 82 % IR (cm™): 3600-3640 (O-H str), 3045-3030 (Ar C=C-H str.), 2980
(Asym C-H str. -CHj3), 2920 (Sym C-H str. -CHj3), 1545, 1500, 1400 (Ar C=C str.),
1345 (C-H bend —CH3), 1410-1310 (O-H bend), 1330 (C-OH), 800-750 (C-H oop
def); MS: m/z: 288.27, 191.20 (BP); Anal. Calculated for C;;H;;03 HSO,, C, 45.83;
H, 4.20; O, 38.85; S, 11.12: Found: C, 45.76; H, 4.30; S, 11.19.

17) 2,4-Dimethylbenzo[h]chromen-1-ium Sulphate (MNP-017)

Yield: 60 % IR (cm’™): 3045-3030 (Ar C=C-H str.), 2980 (Asym C-H str. -CHz), 2920
(Sym C-H str. -CHj), 1545, 1500, 1400 (Ar C=C str.), 1345 (C-H bend —CHj), 1120-
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1000 (C-O str), 800-750 (C-H oop def); MS: m/z: 306.33, 209.26 (BP); Anal.
Calculated for C;sH;30 HSOy, C, 58.81; H, 4.61; O, 26.11; S, 10.47: Found: C, 58.87;
H, 4.58; S, 10.39.
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1.12 REPRESENTATIVE SPECTRA
1.12.1 IR Spectrum of MNP-005

Synthesis, Characterization and X-Ray Crystallographic Studies of 2, 4- Dimethyl Benzopyrylium Salts
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1.12.3 "H NMR Spectrum of MNP-005
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1.12.5 Expanded '"H NMR Spectrum of MNP-005
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1.12.7 IR Spectrum of MNP-008
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1.12.9 'H NMR Spectrum of MNP-008
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1.12.11 *C NMR Spectrum of MNP-008
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1.13 X-RAY CRYSTALLOGRAPHIC STUDY

1.13.1 EXPERIMENTAL

1.13.1.1 Preparation of substituted-2,4-Dimethylchromenylium Perchlorate Salts

(General procedure)

To a mixture of substituted phenol (0.05 mole) and acetyl acetone (0.05 mole),
perchloric acid (70%; 7.5 mL) was added drop-wise with external cooling at 5-10 °C
temperature. After addition of perchloric acid, the reaction mixture was further
allowed to cool at 5-10 °C and dry hydrogen chloride gas was bubbled through the
reaction mixture for 1 hour. Reaction mixture became reddish in colour and was kept
overnight at room temperature. Then reaction mixture diluted with excess of dry ether
and coloured precipitates were obtained, which was filtered and thoroughly washed

with dry ether. Crude product was recrystallized from glacial acetic acid.

1.13.1.2 Preparation of Single Crystals of substituted-2,4-Dimehyl

Benzopyrylium Perchlorate Salts

Pure substituted Chromylium Perchlorate Salt (1.0 g) was taken in 25-35 mL glacial
acetic acid and heated to 50 °C for 10-15 minutes till it dissolved. 0.5 g Charcoal was
added and further it was heated upto 50 °C for 5 minutes. The hot solution was filtered
through wattmann 41 filter paper. The solution was allowed to cool gradually and
kept in a stoppered conical flask slightly opened. The crystals were grown up due to

thin layer evaporation.
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1.13.2 X-RAY CRYSTALLOGRAPHIC STUDY OF MNP-003

The compound C;,H;3ClOs, crystallizes in monoclinic crystal class in space group
P2,/c with cell parameters a=8.0400(5) A, b=11.8590(11) A, c=13.3490(13) A,
B=102.325(6)°, V=1243.44(18)A> and Z=4. The final residual factor R1=0.0617. The
structure exhibits both intra and inter-molecular hydrogen bonding of the type C-
H...O.

Tha value of Ry and Rgigma are 0.0217 and 0.00334 respectively. 2000 phase sets were
refined with the best phase set having a CFOM of 0.0703. Using the normalized
structure factors with these phases, a total of 1070 phases were generated. The final
RE value, equals 21.5%. The non-hydrogen atoms were recognized from the electron
density peaks using PLATON and refined using SHELXL-97. All non-hydrogen

atoms were refined anisotropically.

The hydrogen atoms were fixed at chemically acceptable positions and were allowed
to ride on the parent atom during successive refinement. 167 parameters were refined

with 2057 reflections using SHELXL-97. ORTEP of the molecules is shown in figure.

The title compound shows planar conformation. The dihedral angle between the least
squares planes O1-C2-C3-C4-C5-C10 and C5-C6-C7-C8-C9-C10 is 0.76 (13)°. Total
puckering amplitude Q for ten membered ring O1-C2-C3-C4-C5-C6-C7-C8-C9-C10
is 0.033(3) A. The torsion angles about C11-C2-C3-C4 and C13-C8-C9-C10 being -

180(3)° and -179(3)° show anti-periplanner conformation respectively.

The molecule exhibits intra and inter-molecular hydrogen bonds of the type C-H...O.
The intramoleucular hydrogen bond C6-H6...018, has a length of 3.419(4) A with an
angle of 171°. The inter-molecular hydrogen bond C11-H11...017, has a length of
3.493(6) A and an angle of 172°, with the symmetry codes 2-x, -y, -z.
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Figure 1.13.1 Oak Ridge Thermal Ellipsoid Plot (ORTEP) of the MNP-003
molecule at 50% probability
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Table 1.13.1 Crystal Data and Structure Refinement for Cell

Empirical formula C12H53ClOs
Formula weight 272.67
Temperature 293(2)K
Wavelength 0.71

Crystal system Monoclinic
Space group P2, /c

Cell dimensions

a=8.0400(5) A, b=11.8590(11) A,
c=13.3490(13) A , p=102.325(6)°

Volume 1243.44(18) A®

Z 4

Density (calculated) 1.457 Mg/m’

Absorption coefficent 0.317 mm™

Fooo 568

Crystal size 0.3x0.3x0.25 mm

0 range for data collection 2.59°

Index ranges §<= b, k14,
-15<=I<=15

Reflections collected 3815

Independent reflections

2057 [Rin=0.0219]

Refinement method

Full-matrix least-squares in F*

Data/restraints/parameters

2057/0/167

Goodness-of-fit on F*

1.09

Final R indices [[>2\c(])]

R1=0.0617, ®R2=0.1730

R indices (all data)

R1=0.0669, ®R2=0.1803

Extinction coefficient

0.105(14)

Largest diff. peak and holes

0.473 and -0.264 ¢. A
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Table 1.13.2 Atomic coordinates and equivalent thermal parameters of the non-

hydrogen atoms

Atom X Y Z U(eq)
01 1.0369(2) 0.13250(2) -0.2304(1) 0.0476(5)
C2 0.8937(4) 0.0760(2) -0.2653(2) 0.0521(7)
C3 0.7840(4) 0.0530(2) -0.2026(2) 0.0577(7)
C4 0.8161(4) 0.0881(2) -0.1021(2) 0.0537(7)
C5 0.9712(4) 0.1462(2) -0.0635(2) 0.0480(6)
C6 1.0264(4) 0.1852(3) 0.0380(2) 0.0562(7)
C7 1.1764(4) 0.2422(3) 0.0666(2) 0.0582(8)
C8 1.2817(4) 0.2646(2) -0.0029(2) 0.0498(7)
C9 1.2321(3) 0.2261(2) -0.1019(2) 0.0484(6)
C10 1.0796(3) 0.1683(2) -0.1308(2) 0.0442(6)
Cl11 0.8713(5) 0.0423(3) -0.3744(2) 0.0673(9)
Cl12 0.6907(4) 0.0660(3) -0.0370(3) 0.0710(9)
C13 1.4437(4) 0.3292(3) 0.0326(2) 0.0645(8)
Cll4 0.6851(9) 0.1129(6) 0.2787(5) 0.0560(4)
015 0.6458(5) 0.0030(3) 0.2421(4) 0.1360(2)
016 0.5348(5) 0.1764(4) 0.2658(3) 0.1230(1)
017 0.7578(5) 0.1070(4) 0.3838(2) 0.1289(1)
018 0.8053(4) 0.1612(3) 0.2292(2) 0.1092(1)

Table 1.13.3 Atomic coordinates and equivalent thermal parameters of the

hydrogen atoms

Ueq = (1/3) 3 3 Us (05" ") (ai-aj)

Atom X Y Z Ueq
H3 0.6851 0.0126 -0.2286 0.069
H6 0.9599 0.1719 0.0859 0.067
H7 1.2101 0.2670 0.1340 0.070
H9 1.3002 0.2387 -0.1490 0.058

HI11A 0.8642 0.1085 -0.4165 0.101

HI11B 0.7685 -0.0009 -0.3944 0.101

H11C 0.9666 -0.0026 -0.3830 0.101

HI12A 0.6341 0.1350 -0.0268 0.106

HI12B 0.7489 0.0367 0.0282 0.106

HI12C 0.6083 0.0120 -0.0703 0.106

HI3A 1.4980 0.3405 -0.0241 0.097

H13B 1.5182 0.2875 0.0854 0.097

HI13C 1.4186 0.4010 0.0590 0.097

Ueq = (13) £ % Uy (@i 0y) (aia))
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Table 1.13.4 Anisotropic thermal parameters of the non-hydrogen atoms

Atom Ui Uj, Us; Up, Uz Uy

01 0.048(1) | 0.056(1) | 0.034(1) | -0.003(7) | 0.009(7) | -0.001(7)

2 0.053(2) | 0.050(1) | 0.050(2) | 0.001(1) | 0.004(1) | 0.002(1)

C3 0.050(2) | 0.057(2) | 0.064(2) | -0.005(1) | 0.008(1) | 0.006(1)

C4 0.050(2) | 0.053(2) | 0.061(2) | 0.004(1) | 0.017(1) | 0.012(1)

Cs5 0.050(2) | 0.049(1) | 0.047(2) | 0.005(1) | 0.017(1) | 0.006(1)

C6 0.064(2) | 0.065(2) | 0.045(2) | 0.007(1) | 0.023(1) | 0.007(1)

C7 0.065(2) | 0.070(2) | 0.040(1) | 0.007(1) | 0.011(1) | -0.004(1)

C8 0.055(2) | 0.050(1) | 0.043(1) | 0.004(1) | 0.007(1) | 0.002(1)

C9 0.053(2) | 0.052(1) | 0.041(1) | -0.001(1) | 0.013(1) | 0.003(1)

C10 | 0.0492) | 0.045(1) | 0.039(1) | 0.004(1) | 0.010(1) | 0.003(1)

Cl1 0.071(2) | 0.075(2) | 0.051(2) | -0.007(2) | 0.002(1) | -0.008(1)

C12 | 0.058(2) | 0.084(2) | 0.0782) | -0.002(2) | 0.029(2) | 0.011(2)

CI13 0.066(2) | 0.069(2) | 0.055(2) | -0.011(1) | 0.004(1) | -0.006(1)

Cll4 | 0.054(6) | 0.067(6) | 0.048(5) | -0.006(3) | 0.014(3) | -0.002(3)

015 | 0.111(3) | 0.0952) | 0.205(4) | -0.027(2) | 0.041(3) | -0.052(2)

016 | 0.1042) | 0.142(3) | 0.131(3) | 0.059(2) | 0.045(2) | 0.032(2)

017 | 0.1043) | 0.224(4) | 0.055(2) | 0.0012) | 0.0092) | 0.012(2)

018 0.111(2) | 0.138(3) | 0.095(2) | -0.042(2) | 0.059(2) | -0.007(2)

Table 1.13.5 Bond Lengths (A)

Atoms Length Atoms Length
01-C2 1.328(3) C6-C7 1.364(4)
01-C10 1.368(3) C7-C8 1.408(4)
C2-C3 1.366(4) C8-C9 1.375(4)
C2-Cl1 1.484(4) C8-C13 1.498(4)
C3-C4 1.376(4) C9-C10 1.386(4)
C4-C5 1.421(4) Cl14-017 1.402(3)
C4-Cl12 1.488(4) Cl14-015 1.403(3)
C5-C10 1.403(3) Cl14-016 1.403(3)
C5-Co 1.411(4) Cl14-018 1.405(3)
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Table 1.13.6 Bond Angles (°)

Synthesis, Characterization and X-Ray Crystallographic Studies of 2, 4- Dimethyl Benzopyrylium Salts

Atoms Angle Atoms Angle
C2-01-C10 121.1(2) C9-C8-C7 118.6(3)
01-C2-C3 120.7(2) C9-C8-C13 121.9(3)
01-C2-Cl11 113.3(3) C7-C8-C13 119.5(3)
C3-C2-Cl11 126.0(3) C8-C9-C10 119.3(2)
C2-C3-C4 121.7(3) 01-C10-C9 116.5(2)
C3-C4-C5 117.9(3) 01-C10-C5 120.2(2)
C3-C4-C12 120.4(3) C9-C10-C5 123.2(2)
C5-C4-C12 121.7(3) 017-Cl14-0O15 108.5(3)
C10-C5-C6 116.3(2) 017-Cl14-016 108.3(2)
C10-C5-C4 118.4(2) 015-Cl14-016 109.4(3)
C6-C5-C4 125.3(2) 017-Cl114-018 108.0(2)
C7-C6-C5 120.6(2) 015-Cl114-018 110.0(2)
C6-C7-C8 121.9(3) 016-Cl114-018 112.6(2)
Table 1.13.7 Torsion Angles (°)

Atoms Angle Atoms Angle
C(2)-0O(1)-C(10)-(9) 179.7(2) C(6)-C(7)-C(8)-C(13) 179.0(3)
C(2)-C(3)-C(4)-(12) 177.4(3) C(8)-C(9)-C(10)-O(1) 179.8(2)
C(3)-C(4)-C(5)-C(6) -178.2(3) C(10)-O(1)-C(2)-C(11) -178.8(2)
C(4)-C(5)-C(6)-C(7) -178.7(3) C(11)-C(2)-C(3)-C(4) -180.0(3)

C(4)-C(5)-C(10)-C(9) 178.7(2) C(12)-C(4)-C(5)-C(10) -177.2(3)
C(6)-C(5)-C(10)-O(1) 179.3(2) C(13)-C(8)-C(9)-C(10) -179.0(3)
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Figure 1.13.2 Packing of the MNP-003 molecules down a axis
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Figure 1.13.3 Packing of the MNP-003 molecules down b axis
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Figure 1.13.4 Packing of the MNP-003 molecules down c¢ axis
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1.13.3 X-RAY CRYSTALLOGRAPHIC STUDY OF MNP-011

The compound C;;H;;ClO7, crystallizes in monoclinic crystal class in space group
P2,/n with cell parameters a = 6.8920(4) A, b = 18.5260(15) A, ¢ =9.9480(8) A, p=
106.420(5)°, V = 1218.37(16) A’ and Z = 4. The final residual factor R1 = 0.0554.
The structure exhibits both intra and inter-molecular hydrogen bonding of the type O—
H...O and C-H...O.

The values of Rin; and Rigma are 0.0168 and 0.0306 respectively. 2000 phase sets were
refined with the best phase set having a CFOM of 0.0973. Using the normalized
structure factors with these phases, a total of 1102 phases were generated. The final
RE value, equals 19.8%. The non-hydrogen atoms were recognized from the electron
density peaks using PLATONI1 and refined using SHELXL-97. All non-hydrogen

atoms were refined anisotropically.

The hydrogen atoms were fixed at chemically acceptable positions and were allowed
to ride on the parent atom during successive refinement. 175 parameters were refined

with 1895 reflections using SHELXL-97. ORTEP of the molecule is shown in figure.

The title compound shows planar conformation. The dihedral angle between the least
squares planes O1-C2-C3-C4-C5-C10 and C5-C6-C7-C8-C9-C10 is 0.29(13)". Total
puckering amplitude Q for ten membered ring O1-C2-C3-C4-C5-C6-C7-C8- C9-C10
is 0.026(3) A. The torsion angle about C3-C4-C5-C6 being 178.9(3)° show -s anti-
periplanar conformation, while that of O13-C8-C9-C10 shows -anti-periplanar

conformation being —179.6(2)°, respectively.

The molecule exhibits inter and intra-molecular hydrogen bonds of the type O- H...O
and C-H...O. The inter-molecular hydrogen bonds OI13— HI13...016, O14-
H14....016 and C11-H11A.....016 have lengths of 2.746(4) A, 3.017(4) A and
3.194(5) A and angles of 155°, 168° and 139°, respectively, with the symmetry codes
-1+ x, y, z and —1/2+ x, 1/2— y, —1/2+ z. Intra-molecular hydrogen bond O14—
H14....013, has a length of 2.742(3) A and an angle of 115°. Packing of the

molecules viewed down a-axis shows one-dimensional snake shaped chain.
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Figure 1.13.5 Oak Ridge Thermal Ellipsoid Plot (ORTEP) of the MNP-011
molecule at 50% Probability
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Table 1.13.8 Crystal Data and Structure Refinement for Cell

Empirical formula

Cii Hi1 C10y

Formula weight 290.65
Temperature 293(2)K
Wavelength 0.71073A
Crystal system Monoclinic
Space group P2,/m

Cell dimensions

a=6.8920(4) A b= 18.5260(15) A
¢ =9.9480(8) A
a=90° B=106.420(5)° y=90°

Volume 1218.37(16) A°

z 4

Density(calculated) 1.585 Mg/m’
Absorption coefficient 0.341 mm '

Fooo 600

Crystal size 0.3 x0.25 x 0.25 mm
0 range for data collection 2.40° to 25°

Index ranges

—7<h<7,-22<k<21,-11<1<11

Reflections collected

3470

Independent reflections

1895 [Rin = 0.0198]

Refinement method

Full-matrix least-squares on F~

Data/ restraints / parameters

1895/0/175

Goodness-of-fit on F*

1.143

Final R indices [I1 > 25(I)]

R1=0.0554, ®R2 = 0.1603

R indices (all data)

R1=0.0614, ®R2 =0.1729

Extinction coefficient

0.096(15)

Largest diff. peak and hole

0.460 and —0.599 e.A"
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Table 1.13.9 Atomic coordinates and equivalent thermal parameters of the non-

hydrogen atoms

Synthesis, Characterization and X-Ray Crystallographic Studies of 2, 4- Dimethyl Benzopyrylium Salts

Atom X Y Z Ueq
Ol 0.2427(3) 0.17700(9) 0.51669(2) 0.0418(5)
C2 0.3647(4) 0.18857(1) 0.4363(3) 0.0437(7)
C3 0.3331(5) 0.15380(2) 0.3102(3) 0.0477(7)
C4 0.1724(5) 0.10591(1) 0.2626(3) 0.0455(7)
C5 0.0392(4) 0.09519(1) 0.3455(3) 0.0406(7)
C6 -0.1319(5) 0.04933(1) 0.3097(3) 0.0471(7)
C7 -0.2497(4) 0.04226(1) 0.3988(3) 0.0480(7)
C8 -0.2037(4) 0.07958(1) 0.5263(3) 0.0435(7)
C9 -0.0375(4) 0.12525(1) 0.5655(3) 0.0425(7)
C10 0.0794(4) 0.13234(1) 0.4736(3) 0.0377(6)
Cll 0.5287(5) 0.23995(2) 0.4985(4) 0.0550(8)
Cl12 0.1448(6) 0.06698(2) 0.1264(3) 0.0630(9)
013 -0.3263(3) 0.06990(1) 0.6095(2) 0.0563(6)
014 -0.0007(3) 0.16115(1) 0.6896(2) 0.0559(6)

Cl15 0.5214(1) 0.14498(4) 0.90272(8) 0.0526(4)
Ol6 0.6950(5) 0.14292(2) 0.8535(3) 0.1011(1)
017 0.3988(5) 0.08447(2) 0.8549(4) 0.1117(1)
018 0.4041(5) 0.20626(2) 0.8397(4) 0.1026(1)
019 0.5809(6) 0.1537(2) 1.0484(3) 0.1035(1)

Table 1.13.10 Atomic coordinates and equivalent thermal parameters of the

hydrogen atoms

Ueq = (1/3) X ¥ Uij (i ") (ai-aj)

Atom X Y Z Ugq
H3 0.4203 0.1623 0.2557 0.057
H6 -0.1642 0.0240 0.2256 0.056
H7 -0.3622 0.0122 0.3743 0.058
H9 0.4740 0.2878 0.4943 0.082

HI1A 0.4740 0.2878 0.4943 0.082

HI11B 0.6275 0.2384 0.4472 0.082

HI1C 0.5915 0.2271 0.5944 0.082

HI2A 0.2584 0.0765 0.0912 0.095

HI12B 0.0231 0.0835 0.0599 0.095

H12C 0.1353 0.0160 0.1410 0.095
H13 -0.2855 0.0944 0.6805 0.085
H14 -0.0864 0.1501 0.7287 0.084

Ueq = (1/3) 3 X Uij (o 0 (ai-aj)
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Table 1.13.11 Anisotropic thermal parameters of the non-hydrogen atoms

Atom Un Uy Uss Uiz Uiz Uy
01 0.038(1) 0.048(1) 0.045(1) -0.002(7) 0.011(8) 0.009(7)
C2 0.039(2) 0.042(1) 0.051(2) 0.006(1) 0.014(1) 0.011(1)
C3 0.048(2) 0.050(2) 0.048(2) 0.005(1) 0.018(1) 0.009(1)
C4 0.052(2) 0.043(1) 0.040(2) 0.009(1) 0.012(1) 0.006(1)
C5 0.043(2) 0.036(1) 0.040(2) 0.005(1) 0.007(1) 0.003(1)
C6 0.052(2) 0.041(1) 0.045(2) -0.002(1) 0.008(1) -0.005(1)
C7 0.042(2) 0.039(1) 0.060(2) -0.003(1) 0.010(1) -0.000(1)
C8 0.039(2) 0.041(1) 0.051(2) 0.040(1) 0.013(1) 0.005(1)
C9 0.040(2) 0.042(1) 0.044(2) 0.004(1) 0.010(1) -0.002(1)
C10 0.035(1) 0.039(1) 0.042(2) 0.001(9) 0.008(1) 0.001(1)
Cl1 0.044(2) 0.049(2) 0.069(2) -0.005(1) 0.013(1) 0.008(1)
CI12 0.080(2) 0.066(2) 0.047(2) 0.001(2) 0.024(2) -0.004(1)

013 0.051(1) 0.062(1) 0.062(1) -0.007(9) 0.024(1) -0.001(1)
014 0.045(1) 0.078(1) 0.049(1) -0.007(1) 0.020(1) -0.017(1)
Cl15 0.047(6) 0.066(6) 0.047(6) -0.012(3) 0.018(4) -0.010(3)
016 0.056(2) 0.165(3) 0.093(2) -0.029(2) 0.038(2) -0.053(2)
017 0.103(3) 0.100(2) 0.135(3) -0.055(2) 0.039(2) -0.033(2)
018 0.100(2) 0.094(2) 0.099(2) 0.011(2) 0.003(2) -0.011(2)
019 0.115(3) 0.148(3) 0.047(2) -0.029(2) 0.022(2) -0.001(2)
Table 1.13.12 Bond Lengths (&)
Atoms Length Atoms Length
01-C2 1.332(3) C7-C8 1.400(4)
01-C10 1.364(3) C8-013 1.351(3)
C2-C3 1.371(4) C8-C9 1.388(4)
C2-C11 1.474(4) C9-014 1.362(3)
C3-C4 1.394(4) C9-C10 1.386(4)
C4-C5 1.411(4) Cl115-019 1.399(3)
C4-C12 1.498(4) Cl15-017 1.403(3)
C5-C10 1.405(4) Cl15-016 1.416(3)
C5-C6 1.415(4) C115-018 1.431(3)
Co6-C7 1.367(4)
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Table 1.13.13 Bond Angles (°)

Atoms Angle Atoms Angle
C2-01-C10 120.9(2) 013-C8-C7 117.9(2)
01-C2-C3 120.6(2) C9-C8-C7 120.9(3)
01-C2-Cl11 113.0(3) 014-C9-C10 123.9(2)
C3-C2-Cl11 126.3(3) 014-C9-C8 118.7(3)
C2-C3-C4 121.0(3) C10-C9-C8 117.4(3)
C3-C4-C5 118.5(3) 01-C10-C9 115.6(2)
C3-C4-C12 120.0(3) 01-C10-C5 121.1(2)
C5-C4-C12 121.6(3) C9-C10-C5 123.3(2)
C10-C5-C4 117.8(3) 019-Cl15-017 114.5(2)
C10-C5-C6 117.3(3) 019-CI15-016 109.4(2)
C4-C5-Cé6 124.8(3) 017-Cl15-016 110.4(2)
C7-C6-C5 120.1(3) 019-C115-018 109.0(2)
C6-C7-C8 121.1(3) 017-Cl15-016 105.9(2)
013-C8-C9 121.2(3) 016-C115-018 107.3(2)

Table 1.13.14 Torsion Angles (°)

Atoms Angle Atoms Angle
C(2)-0(1)-C(10)-C(9) -179.3(2) C(6)-C(7)-C(8)-C(9) 0.44)
C(2)-C(3)-C4)-C(12) -178.2(3) C(7)-C(8)-C(9)-0(14) 179.1(2)

C(3)-C(4)-C(5)-C(6) 178.9(3) C(8)-C(9)-C(10)-0O(1) -179.2(2)

C(4)-C(5)-C(6)-C(7) 179.2(3) C(10)-0(1)-C(2)-C(11) 178.3(2)
C(4)-C(5)-C(10)-C(9) -178.7(3) C(11)-C(2)-C(3)-C(4) 179.7(3)
C(6)-C(5)-C(10)-O(1) 179.3(2) C(12)-C(4)-C(5)-C(10) 178.3(3)
C(6)-C(7)-C(8)-0(13) -179.8(3) 0(13)-C(8)-C(9)-C(10) -179.6(3)
0(14)-C(9)-C(10)-C(5) -179.7(3)

Table 1.13.15 Hydrogen Bond Geometry (A, °)

Atoms D-H...A Angle
013-H13...016' 2.746(4) 155
O14-H14...016' 3.017(4) 168

C6-H6...017° 3.241(5) 130
Cl11-H11A...016° 3.194(5) 139
Symmetry
1 X, -1+y, z
2 -X, -y, 1-z
3 -12+x, Yo-y, -1/2+z
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Figure 1.13.6 Packing of the MNP-011 molecules down a axis
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Figure 1.13.7 Packing of the MNP-011 molecules down b axis
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Figure 1.13.8 Packing of the MNP-011 molecules down c¢ axis
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Figure 1.13.9 Oak Ridge Thermal Ellipsoid Plot (ORTEP) of the MNP-005
molecule at 50% Probability
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1.14 RESULTS AND DISCUSSION

The chemical entities enlisted in this chapter, the chromylium salts were prepared by a
new and very simple synthetic methodology and firstly confirmed by single crystal X-
ray crystallographic study. These compounds are also evaluated first time for
antimicrobial screening. Primary screening results showed good antimicrobial activity

and further investigation is under progress.

Though few compounds are reported but the process employed for the synthesis was
totally different and the aim is also different. The previous study about these salts was
demonstrated its other applications like dye, lather dye, polarographic study, electro-

chemical study and etc.

1.15 CONCLUSION

In this chapter, simple and efficient method was adopted for the synthesis of
benzopyrylium salts. Exploration of unreported chemistry and their biological activity

were the aim behind the work reported in this chapter.

The crystallographic study of the compounds 2,4,7-trimethylchromenylium
perchlorate (MNP-003), 2,4,7,8-tetramethyl chromenylium perchlorate (MNP-005)
and  7,8-dihydroxy-2,4-dimethylchromenylium  perchlorate (MNP-011) were

confirmed the structure of the compounds which are of biological interest.
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2.1 INTRODUCTION

The study of coumarins began more than 200 years ago. Coumarin is the best known
aromatic lactones. [1] The isolation of coumarin was first reported by Vogel [2] in
Munich in 1820. The name coumarin originated [3] from a Caribbean word
‘coumarou’ for the tonka tree, which was known botanically at one time as
Coumarouna odorata aubl. Coumarin is now well accepted trivial name. The [UPAC

nomenclature of the coumarin ring system is 2H-1-benzopyran-2-one.

Figure 2.1
O O

=

In 1936, Von Werder [4] referred the coumarins as therapeutic agents and Bose, in
1958 [5] summarized most of the biological properties of the natural coumarins. In
1964, Soine [6] published a revision on the biological and pharmacological effects of
coumarins with particular emphasis on the activity associated with the natural
products. An excellent account of this naturally occurring coumarin is presented by

Murray and co-workers. [7]

Coumarins have attracted intense interest in recent years because of their diverse
pharmacological properties. Coumarin derivatives have been shown to possess a
remarkably broad spectrum of biological activities including antimicrobial, [8,10]
antifungal, [11-13] anticoagulant, [14] anti-inflammatory, [15] antitumor [16,17] and
anti-HIV [18] activity. In addition, these compounds are used as additives in food and
cosmetics, [19] dispersed fluorescent brightening agents and as dyes for tuning lasers.

[20]

Coumarin and its derivatives can be synthesized by various methods, which include
Pechmann reaction, Perkin reaction, Reformatsky reaction and Knovenegal reaction.
The plant extracts containing coumarin-related heterocycles, which were employed as

herbal remedies in early days, have now been extensively studied for their biological
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activities. These investigations have revealed their potentials as versatile biodynamic
agents. For example, coumarins with phenolic hydroxyl groups have the ability to
scavenge reactive oxygen species and thus prevent the formation of 5-HETE and
HHT in the arachidonic pathway of inflammation suppression. Recent in vivo studies
have revealed the role of coumarins in hepatotoxicity and also in depletion of
cytochrome P450. Furthermore, several synthetic coumarins with a variety of
pharmacophoric groups at Cs, C4 and C; positions have been intensively screened for
antimicrobial, anti-HIV, anticancer, lipidlowering, antioxidant and anticoagulation

activities. [21]

The coumarins are extremely variable in structure, due to the various types of
substitutions in their basic structure, which can influence their biological activity. [22]
Majority of coumarins are completely innocuous, may be beneficial in a variety of
human disorders, in spite of some ongoing controversy. Coumarin turns out to be
present in many natural therapeutically utilized products. They hold a place apart in
view of their cytotoxic activity. It was suggested that alterations in the chemical
structure of coumarin could change their cytotoxic properties. [23] Main
representatives of this class are the hydroxyl derivatives, 4- and 7-hydroxycoumarins,
also biologically active and very important for the synthesis of other coumarin
derivatives. Some of hydroxylated coumarins are demonstrated in Figure 2.2 & 2.3.

[24]

Figure 2.2
%
Ao ¥
OH OH

0] O HO (0] O O O
Hom \©/\j Z
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Figure 2.3
= P
OH
HO O O HO (@] (O] (@] (O]
Pz
OH
OH OH HO 0
HO (0] O HO 0] (@)
=
= Pz
OH OH

2.2 LITERATURE REVIEW

A) 4-Hydroxy Coumarins

4-Hydroxycoumarin is a versatile scaffold and is being consistently used as a building
block in organic chemistry as well as in heterocyclic chemistry for the synthesis of
different heterocyclic compounds. The nucleus of 4-hydroxycoumarin is very
susceptible to electrophilic substitution, so they are very easy to synthesize and

substitute by other functional groups to enhance their biological activities. [25]

The chemistry of 4-hydroxycoumarin has gained importance since the discovery of
dicoumarol. A number of publications describing physiologically active 4-
hydroxycoumarins have appeared in the literature. Pharmacologically earlier 4-
hydrooxycoumarin is well established acting as anticoagulant as well as rhodenticide
(long acting anticoagulant), but in recent studies numerous potential antibiotic,
antitubercular, antiallergic, anthelmintic, central nervous system depressant,
hypotensive, coronary dilator, antibacterial, antipsychotic, psychotropic and

antifertility agents have been synthesized using 4-hydroxycoumarin. [26]
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Anschutz first synthesized 4-hydroxycoumarin, by treating acetylsalicylyl chloride
with the sodium derivative of malonic ester to form 3-carboethoxy-4-
hydroxycoumarin, on treatment with alkali this compound was decarboxylated to

form 4-hydroxycoumarin. [27]

Scheme 2.1
O OH OH
Cl +Na-HC/COOEt—> N CO0GH - . X
o COCH; ‘COOEt 00 aq. KOH N

Zeigler and co-worker [28] cyclized malonic acid diphenyl ester in the presence of

AICIl; using Friedle Craft’s alkylation to give 4-hydroxycoumarin in 85% yield.

Scheme 2.2
0O o 0__0
AICI
—_—
PhOMOPh 180-185 °C =
85% OH

Shah et al. [29] have evolved a simple process for the synthesis of 4-
hydroxycoumarins in which a substituted phenol was treated with malonic acid in the
presence of anhydrous zinc chloride and phosphorus oxychloride at 60-75 °C. The

method is useful as single step preparation of 4-hydroxycoumarin derivatives

substituted in benzenoid part.

Scheme 2.3
OH O O 0.__0
© ALz,
+ HO OH POCI, P
64% OH

Selenium catalyzed carbonylation of 4-hydroxy acetophenone in THF containing nitro

benzene under carbon monoxide atmosphere at 90 °C for 30 hours giving 68% yield.

[30]
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Scheme 2.4
OH Se THF o__0
+ CO 6’4,
PhNO, =
0 OH

Intramolecular Claisen condensation of methyl acetylsalicylate with NaOMe in liquid

paraffin at 160-260 °C for 5 hours gave 20% of 4-hydroxycoumarin. [31]

Scheme 2.5
OAc 0. _0
NaOMe
OMe HCI/H,0 P
o) 20% OH

Substituted 4-hydroxycoumarin was synthesized via new Baker-Venkatraman

rearrangement. [32]

Scheme 2.6
OCONEt, BuLi, THF OCONEG | NaH, THF 00
- AcCl ——— -
ZnCl, N 2. TFA, PhMe —
C
OH

One-pot synthesis of 4-hydroxycoumarin by reacting 2-hydroxyacetophenone with

acylating agents in the presence of base was reported. [33]

Scheme 2.7
OH Et,CO, 00
NaH, PhMe Pz
0O OH

4,7-Dihydroxycoumarin was synthesized from resorcinol and malonic acid in boron

trifluoride-diethyl etherate complex (BF;¢Et,0) at 90 °C. [34]

Department of Chemistry, Saurashtra University, Rajkot-360005. (INDIA) Page 72



Chapter-2 Synthesis of Some New 4-Amino Coumarin Derivatives using Green Chemistry Protocols

Scheme 2.8
BF3 Et,0 HO 0. _0
\©/ M 90 OC =
OH

B) 4-Amino Coumarins

Aminocoumarin is a class of antibiotics that act by an inhibition of the DNA Gyrase
enzyme involved in the cell division in bacteria. They are derived from Streptomyces
species, [35] whose best-known representative - Streptomyces coelicolor - was
completely sequenced in 2002. [36] From the group of aminocoumarins, 3-
aminocoumarin and 7-aminocoumarin derivatives are well studied. The 3-
aminocoumarin moiety can be recognized in the molecular structure of several natural
antibiotics, such as Novobiocin, Chlorobiocin, Coumermycin, etc. These antibiotics
and their derivatives are in the research focus. [37] In addition, some simple N-
acylderivatives of 3-aminocoumarin exhibit an anti-inflammatory activity [38] and
antimicrobial activity against the gram-positive bacteria. [39] Most of the publications
for 7-aminocoumarin derivatives present interesting photochemical behavior of these
compounds [40] and many of them can be used as fluorescent markers. [41]
Furthermore, some platinum complexes of 7-aminocoumarins have been synthesized

and evaluated for their in vitro cytotoxicity against Caco-2T cells. [42]

4-Aminocoumarins can be prepared from 4-hydroxy or 4-chlorocoumarin derivatives

by different synthetic routes which are described below.

Apparently it is found that 4-aminocourmarin is prepared by direct method by
removing acidic hydroxyl group with amino group in one step only, but alternate
route is to convert the hydroxyl group into chloro group and then convert it into

amino group by appropriate reagent for substitution.
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Scheme 2.9
o__0 0
P
OH HN__
R=H, Alkyl or Aryl J

Zagorevskii V. A. and Dudykina N. V. [43] reported that the action of liquor
ammonia on 4-chloro coumarin in the presence of copper powder exclusively

afforded the 4-aminocoumarin.

Scheme 2.10
00  Ligq.NH;, Cu 0.0
_ - _
Cl NH,

3-(2-Hydroxyphenyl)-3-iminopropanamide treated with 5% HCI at room temperature

for 3 hours to yield 4-aminocoumarin. [44]

Scheme 2.11
NH O
CEJ\)LNH 5% HCI @(j
It, 3h
oH

Ivanov 1. et al. [45] demonstrated the amination of 4-hydroxycoumarin using

ammonium acetate or the corresponding primary amine in AcOH.

Scheme 2.12
O O
NH4OAC
J Pz
OH NH,
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Abhijit Chavan gave microwave assisted synthesis of 4-aryl/alkyl amino coumarins
using various amines including ammonium acetate in solvent free condition with good

yield. [46]

Scheme 2.13
0 NH,4OACc, 30s OO
= Microwave ~ Z
OH NH,

Ivanov and co-worker [47] have prepared 4-arylamino coumarin without any solvent

in molar ratio of 1:1:2 under microwave irradiation with 90-98% yield.

Scheme 2.14
o__0O 0. _0O
R;-NH-R,
= 850 Watt >
M
OH W N.
R R,

Checchi and Vettori [48] synthesized 4-aminocoumarin-3-sulphonamide and its
derivatives. Sulphonation of 4-hydroxycoumarin in the absence of any solvent, with
an excess of chlorosulphonic acid yielded 3-sulphonic acid, which was converted to
its potassium salt and on further chlorination with phosphorous oxychloride, afforded
4-chlorocoumarin sulphochloride. The treatment of either ammonia or primary
aliphatic and aromatic amines led to the formation of 4-aminocoumarin-3-

sulphonamide and its derivatives.

Hamdi et al. [49] demonstrated that heating 1, 2-phenylenediamine with the 4-
hydroxycoumarin in ethanol, two products were obtained, one was N-(2-
aminophenyl)-3-hydroxy-3-(2-hydroxyphenyl) acrylamide (A) and another was 4-[(2-
aminophenyl)amino]-2H-chromen-2-one (B). While 1,4-phenylenediamine was
refluxed in xylene with 4-hydroxycoumarin, it also gave two products, one was 4-[(4-

aminophenyl) amino]-2H-chromen-2-one (C) and another was the dimer (D).
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Figure 2.4

OH O
A

@f\)LNH NH N,
OH ©/ 2 HN

(A) N-(2-aminophenyl)-3-hydroxy-3- (B) 4-((2-aminophenyl)amino)-

(2-hydroxyphenyl)acrylamide 2H-chromen-2-one
o__0O 0
_ O 0]
/ (0]
HN —
\©\ HNOW
NH,
(C) 4-((4-aminophenyl)amino)- (D) Dimer

2H-chromen-2-one

B. Stamboliyska and co-workers [50] reported experimental and theoretical
investigation of the structure and nucleophilic properties of 4-aminocoumarin.

Structure of 4-aminocoumarin was elucidated by single crystal x-ray crystallography.

Figure 2.5

T c6 o1 02

(03] Coumarin Dimers

For the first time, Link and co-workers discovered that the substance responsible for
producing hemorrhages in cattle feeding on spoilt sweet clover hay is dimer 3,3’-
methylene-bis-(4-hydroxycoumarin), commonly known as dicoumarol. Dicoumarol

was later used as anticoagulant activity in drug therapy. [51,52]
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Figure 2.6
0.__00._0O
o9’
OH R OH
Where R=-H, -CH3, -COOEt, etc

Dimeric coumarins which exist naturally are Dephnoretin, [53] Hamnosin, [54]

Laciocephalin [55] and Bicoumarol. [56]

Figure 2.7
HO 0._00._0 MeQO
MeO = 0O X oo o =
OH OH
Dephnoretin Laciocephalin

Bicoumarol Hamnosin

Some of the dicoumarols which were studied for their potential drug like properties

are summarized as below.

Trivedi and co-workers prepared biscoumarinoxymethanes. [57] Mentzer synthesized
Daphnoretin tosylate by reacting 2,4-dihydroxyanisole and 7-coumarinyl malonate
over three steps. [58] Huebner et al. [59] and Lele et al. [60] also synthesized
dicoumarins of the type below. Efforts were made to study dimers by forming C-C

bonds in coumarin unit at Cs;, C4 and Cg positions.
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Figure 2.8
]oo
Pes

0~ "o
R
CCY” O
> o =0
0._0
X
® D@
R

O 0

Arora and his team synthesized various substituted dicoumarins and tested its

anticoagulant activity in comparison to dicoumarol. [61]

Figure 2.9

R= -Cl, -NO,, -NMe,, efc..

Further, Guminska et al [62] studied anticoagulant activity of 3,3'-
(halobenzylidene)bis-4-hydroxycoumarins as compared with that of dicoumarol in
rabbits. They concluded that in general, all p-halo substituted derivatives were more
active anticoagulants than o- and m-substituted compounds and specifically chloro

analogs were better than fluoro and iodo.

Figure 2.10

R= o/m/p-F, -Cl, -Br, -, etc..
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Mazumder et al. [63] investigated many dimeric coumarin containing moieties for
potential antiviral, antiprotease and anti integrase activity. They concluded that NSC
158393, which contains four 4-hydroxycoumarin residues, was the most effective in
micromolar concentrations. Hence, NSC 158393 may represent essential elements of

the antiintegrase coumarin pharmacophore.

Figure 2.11

The structures of a large number of HIV-1 integrase inhibitors have in common two
aryl units separated by a central linker. Frequently, at least one of these aryl moieties
must contain 1,2- dihydroxy substituents in order to exhibit high inhibitory potency.
Replacement of this central phenyl ring by more extended aromatic systems having
higher lipophilicity improved potency, as did the additions of 7-hydroxy substituents

to the coumarin rings gave the same potency. [64]

Figure 2.12

Many synthetic routes have been applied for the preparation of dicoumarins. Some

important methodologies are outlined here.
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Dicoumarins were prepared by the condensation of 4-hydroxycoumarin and
substituted benzaldehydes. The compounds were evaluated for antiplatelet

aggregation and cytotoxicity to human cancer cells. [65]

Scheme 2.15

Ethanol
—R

R=-H, -F, -NO,, -NH,, -OEt, etc

Shaterian Hamid Reza [66] reported uncatalyzed, one-pot synthesis of 3,3'-
(benzylene)bis(4-hydroxy-2H-chromen-2-one) derivatives under thermal solvent-free
conditions. This environmentally friendly synthesis is uncatalyzed and affords the

desired products in excellent yields.

Scheme 2.16

(@) O Thermal
condltlon
—R +

A
R=-H, -OH, -Me, -NO,, -OMe, -OFEt, etc

Use of phase transfer catalyst TEBA (triethylbenzylammonium chloride) reported to
condense aromatic aldehydes with 4-hydroxycoumarin in the presence of aqueous

media. [67]

Scheme 2.17

CHO
O ~9 H,0, 90°%C

X

| R T 2 e

_ Ph-CH,-NEt,
OH

R=-H, -NO,, etc.
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A series of coumarin dimers were synthesized by Shah & co-workers and tested for
their inhibitory activity against HIV-1 integrase. The authors concluded that a
hydrophobic moiety on the linker display potent inhibitory activities. [68]

Scheme 2.18

Ethanol
Reflux/ 12-18 h

Besides these, Shah et al. [69-77] synthesized several coumarin as well as quinoline

dimers and tested them for various biological activities.

Scheme 2.19
0.__00._0O
CHO Oo. .0 L
N MeOH/EtOH 2 Ri
_ Reflux
OH

R=-H, -CHs;, -OMe, -NO,, -Cl, -Br, etc.
R4=-H, -CHj3, etc

R2= -H, -CH3, etc

Where R4 & R, are same or different

Ilia I. Manolov [78] has synthesized methylenebis(4-hydroxycoumarin) derivatives by
reaction of 4-hydroxycoumarin with aromatic aldehydes by organic solid-state

reaction.

Scheme 2.20
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Prashant Singh et al. [79] demonstrated that phosphotungstic acid provided a simple,
efficient and environmentally benign route in a two-component one-pot domino
Knoevenagel-type condensation/Michael reaction between 4-hydroxycoumarin and an

aldehyde in water as a solvent in shorter duration with high yields.

A simple, efficient and ecofriendly procedure has been developed by Jitender M.
Khurana & co-workers [80] using tetrabutylammonium bromide (TBAB) as catalyst
for the synthesis of biscoumarin and dihydropyrano[c]chromene derivatives in water
and solvent-free neat conditions. The present methodology offers several advantages
such as excellent yields, short reaction time, and environmentally benign milder

reaction conditions.

Gui-Xia & co-workers [81] have developed an efficient catalyst-free synthesis of a,a-
bis(4-hydroxycoumarin-3-yl)toluene. The reaction of 4-hydroxycoumarin with
aromatic aldehydes in aqueous media was performed by microwave irradiation. The
reaction was completed in short reaction time of 8-10 minutes with high yields of 76-

94%. This method is environmentally benign and has easy workup.

Scheme 2.21

CHO o o
L H,0
N g+ —
| R 2 MW, 150 w
OH

R= -CHj, -Cl, -NO,, -OH, -OMe, etc

Qadir Saima et al. [82] gave a convenient synthesis of various biscoumarins by
condensing a series of aldehydes with 4-hydroxycoumarin under microwave
irradiation and also carried out a comparative assessment of percentage yield under

thermal and microwave-assisted conditions.

M. Kidwai & co-workers [83] reported molecular iodine as a versatile catalyst for the

synthesis of bis(4-hydroxycoumarin)methanes in water.
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Zhou Jianfeng et al. [84] synthesized a series of 3,3-arylidene bis(4-
hydroxycoumarins) by the reaction of aromatic aldehydes with 4-hydroxycoumarin

using sulfamic acid as catalyst in aqueous media under microwave irradiation.

Heravi M. Majid et al. [85] developed reaction of aldehydes and 4-hydroxycoumarin
in the presence of catalytic amount of silica-supported Preyssler nano-particles led to

synthesis of bis-coumarins in excellent yields.

Sangshetti Jaiprakash N. ef al. [86] have performed water mediated efficient one-pot
synthesis of various aromatic and heteroaromatic aldehydes with 4-hydroxycoumarin
to afford bis-(4-hydroxycoumarin)methanes. Manganese chloride (MnCl,-4H,0) has
been used as an efficient catalyst for an improved and rapid one-pot synthesis of bis-

(4-hydroxycoumarin)methanes in excellent yields using water as a reaction medium.

Scheme 2.22
CHO
o o MnCI24H20
X —_—
Ry + Z H,0
P

OH

Ilia Manolov et al. [87] have synthesized twenty 4-hydroxycoumarin derivatives and
five of them were described for the first time. The X-ray crystal structure analysis of
3,3'-(2,3,4-trimethoxyphenylmethylene)bis-(4-hydroxy-2H-1-benzopyran-2-one) and
3,3'-(3,5-dimethoxy-4-hydroxyphenylmethylene)bis-(4-hydroxy-2H-1-benzopyran-2-

one) confirmed the structure of these compounds. A comparative pharmacological
study of the anticoagulant effect with respect to Warfarin showed that the synthesized
compounds had different anticoagulant activities. The most prospective compound
was 3,3'-(4-chlorophenylmethylene)bis-(4-hydroxy-2H-1-benzopyran-2-one)  with
low toxicity, very good index of absorption and dose dependent anticoagulant

activity.
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Figure 2.13

Valente J. Edward and co-workers [88] determined the Structure of (phenyl) bis-(4-
hydroxybenzo-2H-pyran-2-one-3-yl)-methane.

Figure 2.14

The crystal structure of 3,3’-(-naphthylmethylene) bis-(4-hydroxycoumarin) was
successfully studied by Eckstein and Csoregh. [89]

Figure 2.15

Hamdi Naceur et al. [90] gave synthesis, structure, antimicrobial and antioxidant
investigations of dicoumarol and related compounds. Different substituted 3,3'-
arylidenebis-4-hydroxycoumarins, e.g., (A), and a tetrakis-4-hydroxycoumarin
derivatives are the final products when 4-hydroxycoumarin and aromatic aldehydes
containing different groups in ortho, meta or para positions condense in boiling
ethanol or acetic acid. Upon heating the 3,3'-arylidenebis-4-hydroxycoumarins and

tetrakis-4-hydroxycoumarin derivatives in acetic anhydride, the epoxydicoumarins,
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e.g., (B), were formed. From a study of NMR and IR spectra, intramolecularly
hydrogen-bonded structures are proposed for the dicoumarols, e.g., (A). A possible
relationship between such hydrogen-bonded structures and the antimicrobial and the

antioxidant activities of compounds such as (A) is suggested.

Figure 2.16

(A) (B)
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2.3 PHARMACOLOGICAL SIGNIFICANCE

Coumarins comprise a group of natural compounds found in a variety of plant
sources. The very long association of plant coumarins with various animal species and
other organisms throughout evolution may account for the extraordinary range of
biochemical and pharmacological activities of these chemicals inmammalian and
other biological systems. The coumarins have diverse biological properties and
various effects on the different cellular systems. A lot of biological parameters should
be evaluated to increase our understanding of mechanisms by which these coumarins
act. Coumarins have important effects in plant biochemistry and physiology, acting as
antioxidants, enzyme inhibitors, and precursors of toxic substances. In addition, these
compounds are involved in the actions of plant growth hormones and growth
regulators, the control of respiration, photosynthesis, as well as defense against

infection. [21]

The coumarins have long been recognized to possess anticoagulant, antipsoriasis,
anti-inflammatory, antioxidant, antibacterial, antiallergic, hepatoprotective,

antithrombotic, antiviral and anticarcinogenic activities. [91]

Considerable progress has been made in recent years in the field of drug development
against HIV. The discovery and development of coumarins as anti-HIV agents has
expanded in the past two decades. Most of the studies have been focused on the
inhibitory activity of reverse transcriptase, but anti-integrase and antiprotease

activities were also described. [92]

Coumarin derivatives were prepared as y-secretase inhibitors for treating or

preventing neurodegenerative diseases such as Alzheimer's disease. [93]

Dicoumarol, a natural anticoagulant drug chemically designated as 3,3-
methylenebis[4-hydroxycoumarin], is metabolized from coumarin in the sweet clover
(Melilotus alba and Melilotus officinalis) by molds, such as Penicillium nigricans and

Penicillium jensi. [94]
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Dicoumarol analogs are prepared as inhibitors of human NAD(P)H quinone
oxidoreductase-1 (NQO1), an enzyme overexpressed in several types of tumor cell.

[95]

Inhibition of HIV integrase by 4-hydroxycoumarin dimer bearing aniline mustard

moiety are described by Mao Pili Chih-Min and co-workers. [96]

Dicoumarins were also investigated for potential herbicidal activity as growth
inhibitors of Mimosa pigra Linn (giant mimosa). The hydroxy or methoxy groups as

substituent(s) on the benzylidene ring had higher activity. [97]
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24 AIM OF CURRENT WORK

In today’s world, synthetic chemists in both academia and industry are constantly
challenged to consider more environmentally benign methods for generation of the
desired target molecules. Among the 12 principles of green chemistry, the desire for
to utilize ‘‘safer solvents’” and to ‘‘design for energy efficiency’’ can be considered

two key principles of relevance to synthetic chemists.

Microwave irradiation has been utilized as one of the most convenient and efficient
ways to promote organic reactions. In particular, the use of microwave energy to
directly heat chemical reactions has become an increasingly popular technique in the
scientific community. On the other hand, microwave (MW) promoted reactions have
the advantages such as atom economy, high efficiency, greater selectivity, enhance

reaction rate as well as environmental friendly nature. [81-98]

On the other hand, the use of toxic and expensive organic solvents can be avoided by
solvent free reaction condition. Such reactions not only reduce the amount of waste
solvent generated, but also reduce the cost. The product obtained by this often need

very little or no purification.

Moreover, multicomponent reactions have become very popular in the discovery of
biologically active novel compounds due to the intrinsic atom economy and
selectivity underlying such reactions, simpler procedures and equipment, time and
energy savings, as well as environmental friendliness have all led to a sizable effort to

design and implement MCRs in both academia and industry. [99]

In continuation with our previous work related to coumarin and 4-hydroxy coumarin
dimer and biological importance of coumarin dimers prompted us to synthesize some
new, possibly more potent and pharmacologically active 4-amino coumarin dimers.
Aim of current work is to synthesize some novel 3,3'-((substituted phenyl) methylene)

bis (4-amino-2H-chromen-2-one) derivatives using green chemistry protocol.
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2.5 REACTION SCHEME

2.5.1 Preparation of 4-Aminocoumarin (MNP-061)

o) 0 O O
CH;COONH,

— - 7
MW, 300W

OH NH,

2.5.2 Preparation of 3,3'-((Substituted phenyl) methylene) bis (4-amino-2H-
chromen-2-one) (MNP-062 to 080)

0] O (@) O
= NS
(:Q;/[/ —|— ZnCI2
NH, NH, —_—
CHO MeOH
Reflux
X
| —R
=

Where R=-H, -F, -Cl, -Br, -OCHj3, -NO,, etc.
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2.6 PLAUSIBLE REACTION MECHANISM

CHO
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2.7 EXPERIMENTAL

2.7.1 Analysis Protocol

Melting points were determined in open capillary tubes and are uncorrected.
Formation of the compounds was routinely checked by TLC on silica gel-G plates of
0.5 mm thickness and spots were located by iodine and UV. IR spectra were recorded
in Shimadzu FT-IR-8400 instrument using KBr Powder method. Mass spectra were
recorded on Shimadzu GC-MS-QP-2010 model using Direct Injection Probe
technique. '"H NMR was determined in CDCl3/DMSO-ds solution on a Bruker
Avance Il 400 NMR MHz spectrometer. Elemental analysis of the all the
synthesized compounds was carried out on Elemental Vario EL 111 Carlo Erba 1108

model. All the results are in agreements with the structures assigned.

2.7.2 Preparation of 4-Aminocoumarin

A mixture of 4-hydroxycoumarin (0.01 mole) and ammonium acetate (0.03 mole) was
taken in a 250 mL round bottom flask and placed in Samsung MW83Y Microwave
Oven which was locally modified for carrying out chemical reactions and irradiated at
300 watt for 10 minutes. The progress and the completion of the reaction were
checked by silica gel-G F»s4 thin layer chromatography using ethyl acetate: hexane (5:
5) as a mobile phase. After completion of the reaction it was allowed to cool and the
crude product was poured into 50 mL 10% NaHCOj solution to remove unreacted 4-
hydroxycoumarin and allowed to stir for an hour, filtered and washed with water. The
product was recrystallized from methanol to yield pure 4-aminocoumarin. Slight

yellow in colour with 161 °C MP and 75 % yield.

2.7.3 Preparation of 3,3'-((Substituted phenyl) methylene) bis (4-amino-2H-

chromen-2-one) (General Procedure)

A mixture of substituted aldehyde (0.01 mole), 4-amino coumarin (0.02 mole) and

anhydrous zinc chloride (0.001 mole) was taken in 250 mL round bottom flask. The
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reaction mixture was fused at 110 °C temperature for 15 minutes followed by addition
of 25 mL methanol and reaction mixture was refluxed with stirring for 1-2 hour. The
progress and the completion of the reaction were checked by silica gel-G Fas4 thin
layer chromatography using ethyl acetate: hexane (3:2) as a mobile phase. After
completion of the reaction, the product was separated out automatically. The product
was filtered and washed with hot methanol. Similarly other compounds were also

prepared.

There are many factors which affect the reaction time, yield & purity of the final

product, which are enlisted below.

1) ZnCl,: Catalytic amount of Zinc Chloride affect very strongly by means of
reaction time, yield and purity of the final product. It decreases reaction time

from about 40 hours to 2-3 hours.

2) Molar ratio is also one of the key factors which affect the yield and purity of

the final product.

3) Variety of aldehyde which possesses o, m or p substituted group also affect the
reaction time, yield and purity of the final compound. e.g. o-nitro

benzaldehyde gave low yield in comparison with m-/p-nitro benzaldehyde.

4) There is a least possibility of the formation of Schiff base of -NH; group while

synthesizing dimer of 4-amino coumarin.

The physical data of the newly synthesized compounds are given in Table No. 2.8.1
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2.8.1 Physical Data Table of 3,3'-((Substituted phenyl) methylene) bis (4-

PHYSICAL DATA

amino-2H-chromen-2-one)

Synthesis of Some New 4-Amino Coumarin Derivatives using Green Chemistry Protocols

Sr. Sample Substitution Molecular Yield
No. Code R Formula M-WE MPRC %
1 MNP-061* 4-Amino CoH,NO, 161 161-162 75
Coumarin
2 MNP-062 H CysHsN,O4 410 284-286 64
3 MNP-063 2-NO, C,5H17N506 455 280-282 62
4 MNP-064 3-NO, C,5H17N506 455 288-290 73
5 MNP-065 4-NO, Cy5H7N;30¢ 455 276-278 68
6 MNP-066 4-Cl CysH7CIN,O, 444 295-297 67
7 MNP-067 3-Cl CysH17,CIN,Oy4 444 300-302 70
8 MNP-068 3-Br CysH7sBrN,Oy4 489 297-299 78
9 MNP-069 3-F CysH7FN,O4 428 284-286 62
10 MNP-070 4-F CysH17FN, Oy 428 313-315 70
11 MNP-071 4-OH C,5H1sN,04 426 264-266 65
12 MNP-072 3-OH C,sH1gN,O4 426 271-273 60
13 MNP-073 3,4-di OH C,5HgN, O 442 278-280 62
14 MNP-074 3-OCH; Cy6HoN, 05 440 275-277 61
15 MNP-075 4-OCH3; Cy6H0N,05 440 266-268 64
16 MNP-076 3,4-di -OCH; C,7H2oN,0¢ 470 281-283 63
17 MNP-077 2,5-di-OCHj; C,7H2,N,04 470 286-288 60
18 MNP-078 3,4,5-tri-OCH3; C,sH24N,04 500 265-267 68
19 MNP-079 3- OCH;, 4-OH C,7H2N,0¢ 470 283-285 60
20 MNP-080 3- OC,Hs, 4-OH Co6H20N,O¢ 456 270-272 65
NB: “*’ Indicating the compound is reported. Ref. No. [43-48, 100]
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29 SPECTRAL DISCUSSION

2.9.1 IR Spectra

IR spectra of the synthesized compounds were recorded on Shimadzu FT-IR 8400
model using KBr powder method. Various functional groups present were identified

by characteristic frequency obtained for them.

The characteristic bands of N-H group showed in the region of 3400-3200 cm™ with a
deformation due to in plane bending at 1680-1650 cm™. Aromatic C-H stretching and
bending vibration showed near 3070-3030 cm™ and 1600-1400 cm™ respectively.
Alkane C-H stretching and bending frequencies for methylene group appeared at
2920-2870 cm™ and 1450-1350 cm™ respectively. Characteristic C=0 stretching
frequency of coumarin ring showed at 1740-1690 cm™. C-O stretching showed at

1200-1150 cm™. C-N stretching of primary amine showed near 1350-1250 cm'.

2.9.2 Mass Spectra

Mass spectra of the synthesized compounds were recorded on Shimadzu GC-MS QP-
2010 model using direct injection probe technique. The molecular ion peak was found
in agreement with molecular weight of the respective compound. Characteristic M
ion peaks with one-third intensity of molecular ion peak are observed in case of
compounds having chloro substituent, while in case of bromo derivatives, both M

+2 :
and M~ molecular ion peaks are observed.

2.9.3 'H NMR Spectra

"H NMR spectra of the synthesized compounds were recorded on Bruker Avance II
400 MHz NMR spectrometer by making a solution of samples in CDCl3;/DMSO-dg
solvent using tetramethylsilane (TMS) as the internal standard unless otherwise
mentioned. Number of protons identified from 'H NMR spectra and their chemical
shift (& ppm) were in the agreement of the structure of the molecule. J values were
calculated to identify o, m and p coupling. In some cases, aromatic protons were

obtained as multiplet. Interpretation of representative spectrum is discussed here.
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2.9.3.1 'H NMR of 3,3'-((4-Chlorophenyl) methylene) bis (4-amino-2H-chromen-
2-one) (MNP-066)

1. Proton no. 1 of total 2H gave a multiplet at 7.54-7.58 6 ppm due to ortho and

meta coupling with proton no. 2 and 3.
2. Proton no. 2 and 3 of total 4H gave a multiplet at 7.28-7.32 & ppm.

3. Proton no. 4 became deshielded and gave a characteristic double doublet at
8.05-8.07 6 ppm due to ortho coupling with proton no. 3 (J=7.12) and meta
coupling with proton no. 2 (J=1.32) as well J value confirmed the coupling of

this proton.
4. Proton no. 5 of 1H gave a characteristic singlet at 5.99 & ppm.

5. Proton no. 6 and 7 of total 2H and 2H gave a typical para di substituted pattern
of doublet of doublet at 7.22 6 ppm-7.14 6 ppm.

6. Proton no. 8§ of total 4H gave a typical broad singlet of amino group at 7.79 3
ppm.

Thus, by observing and assigning the signals in the NMR spectrum and by the
calculation of the J values for above proton, we can clearly suggest that the proposed
structure for compound MNP-066 has been confirmed. The spectrum is given on page

no. 105.
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2.9.4 *C NMR Spectra

BC NMR spectra of the synthesized compounds were recorded on Bruker Avance II
400 MHz NMR Spectrometer by making a solution of samples in DMSO-d6/CDCl;
solvent using tetramethylsilane (TMS) as the internal standard unless otherwise
mentioned. Types of carbons identified from NMR spectrum and their chemical shifts

(0 ppm) were in the agreement with the structure of the molecule.

2.9.5 Elemental Analysis

Elemental analysis of the synthesized compounds was carried out on Vario EL Carlo
Erba 1108 which showed calculated and found percentage values of Carbon,

Hydrogen and Nitrogen in support of the structure of synthesized compounds.

The analytical data for individual compounds synthesized in this chapter is mentioned

as follow.
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2.10 ANALYTICAL DATA

1) 4-Amino-2H-chromen-2-one (MNP-061)

Yield: 75%; IR (cm™): 3390-3210 (N-H str.), 3070-3030 (Ar C=C-H str.), 1722 (C=0
str.), 1668 (N-H def), 1600, 1548, 1500 (Ar C=C str.), 1265 (C-N str. pri amine),
1195 (C-O str.); *H NMR (CDCl3) 8 ppm: 4.89 (s, 2H), 5.52 (s, 1H), 7.27-7.31 (m,
1H), 7.35-3.37 (d, 1H), 7.44-7.46 (d, 1H), 7.55-7.59 (m, 1H); MS: m/z = 161 (100%);
Anal. Calcd. for CoH;NO,: C, 67.07; H, 4.38; N, 8.69; O, 19.86; Found: C, 67.35; H,
4.20; N, 8.54.

2) 3,3'-(Phenylmethylene)bis(4-amino-2H-chromen-2-one) (MNP-062)

Yield: 64%; IR (cm™): 3400-3200 (N-H str.), 3075-3030 (Ar C=C-H str.), 2900-2880
( C-H str. -CH), 1740-1690 (C=0 str.), 1680-1650 (N-H def), 1600, 1545, 1500 (Ar
C=C str.), 1345 (C-H bend -CH), 1280-1260 (C-N str. pri amine), 1180 (C-O str.),
750-700 (C-H oop def); MS: m/z = 410.42 (100%); Anal. Calcd. for CysH;sN»O4: C,
73.16; H, 4.42; N, 6.83; O, 15.59; Found: C, 73.28; H, 4.33; N, 6.48.

3) 3,3'-((2-Nitrophenyl)methylene)bis(4-amino-2H-chromen-2-one) (MNP-063)

Yield: 62%; IR (cm™): 3400-3200 (N-H str.), 3075-3030 (Ar C=C-H str.), 2900-
2880 ( C-H str. -CH), 1740-1690 (C=O0 str.), 1680-1650 (N-H def), 1600, 1545, 1500
(Ar C=C str.), 1550-1510 (N=0 str. NO,), 1345 (C-H bend -CH), 1280-1260 (C-N str.
pri amine), 1180 (C-O str.), 750-750 (C-H oop def); MS: m/z = 455.42 (100%); Anal.
Calcd. for C»sH7N30¢ : C, 65.93; H, 3.76; N, 9.23; O, 21.08; Found: C, 65.25; H,
3.84; N, 9.55.

4) 3,3'-((2-Nitrophenyl)methylene)bis(4-amino-2H-chromen-2-one) (MNP-064)

Yield: 73%; IR (cm™): 3400-3200 (N-H str.), 3075-3030 (Ar C=C-H str.), 2900-2880
( C-H str. -CH), 1740-1690 (C=0 str.), 1680-1650 (N-H def), 1600, 1545, 1500 (Ar
C=C str.), 1550-1510 (N=0 str. NO,), 1345 (C-H bend -CH), 1280-1260 (C-N str. pri
amine), 1180 (C-O str.), 800-780 (C-H oop def); 'H NMR (DMSO-d;) & ppm: 6.09
(s, 1H), 7.32-7.35 (m, 4H), 7.49-7.53 (t, 1H, J=7.96), 7.58-7.65 (m, 3H), 7.88 (s,b,
4H), 7.95 (s, 7.95), 8.03-8.04 (t, 1H); *C NMR (DMSO-ds) d ppm: 37.21, 93.4,
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114.43, 116.51, 120.35, 121.31, 123.23, 123.55, 128.80, 131.87, 133.24, 140.84,
147.80, 152.11; MS: m/z = 455.42 (100%); Anal. Calcd. for C,sH;7N3O0¢ : C, 65.93;
H, 3.76; N, 9.23; O, 21.08; Found: C, 65.46; H, 3.58; N, 9.70.

5) 3,3'-((2-Nitrophenyl)methylene)bis(4-amino-2H-chromen-2-one) (MNP-065)

Yield: 68%; IR (cm™): 3400-3200 (N-H str.), 3075-3030 (Ar C=C-H str.), 2900-2880
( C-H str. -CH), 1740-1690 (C=0 str.), 1680-1650 (N-H def), 1600, 1545, 1500 (Ar
C=C str.), 1550-1510 (N=0 str. NO;), 1345 (C-H bend -CH), 1280-1260 (C-N str. pri
amine), 1180 (C-O str.), 810-800 (C-H oop def); 'H NMR (DMSO-ds) J ppm: 6.05
(s, 1H), 7.32-7.36 (m, 4H), 7.40-7.42 (d, 1H, J=8.32), 7.59-7.63 (m, 2H), 7.88 (s, b,
4H), 8.10-8.12 (d, 4H); °C NMR (DMSO-ds) ¢ ppm: 37.69, 93.53, 114.46, 116.57,
122.92, 123.29, 123.99, 127.68, 130.44, 132.01, 139.90, 145.47, 147.04, 152.11,
154.46, 164.13; MS: m/z = 455.42 (100%); Anal. Calcd. for C;sH7N30¢ : C, 65.93;
H, 3.76; N, 9.23; O, 21.08; Found: C, 65.86; H, 3.47; N, 9.63.

6) 3,3'-((4-Chlorophenyl)methylene)bis(4-amino-2H-chromen-2-one) (MNP-066)

Yield: 67%; IR (cm™): 3388-3215 (N-H str.), 3064 (Ar C=C-H str.), 2900 ( C-H str. -
CH), 1690 (C=0 str.), 1658-1650 (N-H def), 1572, 1533, 1500 (Ar C=C str.), 1435
(C-H bend -CH), 1278 (C-N str. pri amine), 1205 (C-O str.), 821 (C-H oop def), 756
(C-Cl str.); *H NMR (DMSO-dq) o ppm: 5.99 (s, 1H), 7.14-7.16 (d, 2H, J=8.36),
7.20-7.22 (d, 2H, J=8.56), 7.28-7.32 (m, 4H), 7.54-7.58 (m, 2H), 7.79 (s, b, 4H), 8.05-
8.07 (d, 2H); *C NMR (DMSO-dg) 6 ppm: 37.21, 93.90, 111.90, 112.11, 113.24,
114.51, 116.54, 122.40, 123.23, 129.38, 131.90, 132.01, 139.90, 141.46, 152.11,
154.28, 164.01; MS: m/z = 444.87 (100%); Anal. Calcd. for C;sH7CIN,O4: C, 67.50;
H, 3.85; Cl, 7.97; N, 6.30; O, 14.39; Found: C, 67.38; H, 3.90; N, 6.98.

7) 3,3'-((3-Chlorophenyl)methylene)bis(4-amino-2H-chromen-2-one) (MNP-067)

Yield: 70%; IR (cm™): 3400-3200 (N-H str.), 3075-3030 (Ar C=C-H str.), 2900-2880
( C-H str. -CH), 1740-1690 (C=0 str.), 1680-1650 (N-H def), 1580, 1545, 1500 (Ar
C=C str.), 1345 (C-H bend -CH), 1280-1260 (C-N str. pri amine), 1180 (C-O str.),
800-780 (C-H oop def), 790 (C-Cl str.); MS: m/z = 444.87 (100%); Anal. Calcd. for
CysH7CIN,Oy4: C, 67.50; H, 3.85; Cl, 7.97; N, 6.30; O, 14.39; Found: C, 67.63; H,
3.47; N, 6.18.
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8) 3,3'-((3-Bromophenyl)methylene)bis(4-amino-2H-chromen-2-one) (MNP-068)

Yield: 78%; IR (cm™): 3378-3204 (N-H str.), 3076-3027 (Ar C=C-H str.), 2900-2880
( C-H str. -CH), 1670 (C=0 str.), 1658 (N-H def), 1640, 1541, 1500 (Ar C=C str.),
1338 (C-H bend -CH), 1273 (C-N str. pri amine), 1205 (C-O str.), 800-780 (C-H oop
def), 757 (C-Br str.); '"H NMR (DMSO-ds) 6 ppm: 5.97 (s, 1H), 7.14-7.21 (m, 2H),
7.26 (s, 1H), 7.31-7.35 (m, 5H), 7.58-7.62 (m, 2H), 7.84 (s, b, 4H), 8.09-8.11 (dd, 2H,
J=1.2, J=7.44); ®C NMR (DMSO-ds) d ppm: 37.09, 93.75, 114.49, 116.53, 121.55,
123.23, 123.55, 125.50, 128.18, 129.17, 131.86, 141.14, 152.10, 154.32, 164.03; MS:
m/z = 489.32 (100%); Anal. Calcd. for C,sH;7BrN,O4: C, 61.36; H, 3.50; Br, 16.33;
N, 5.72; O, 13.08; Found: C, 61.29; H, 3.40; N, 5.88.

9) 3,3'-((4-Fluorophenyl)methylene)bis(4-amino-2H-chromen-2-one) (MNP-069)

Yield: 62%; IR (cm™): 3400-3200 (N-H str.), 3075-3030 (Ar C=C-H str.), 2900-2880
( C-H str. -CH), 1740-1690 (C=0 str.), 1680-1650 (N-H def), 1580, 1545, 1500 (Ar
C=C str.), 1345 (C-H bend -CH), 1280-1260 (C-N str. pri amine), 1180 (C-O str.),
1020 (C-F str.), 810 (C-H oop def); MS: m/z = 428.41 (100%); Anal. Calcd. for
C,sH17FN,O4: C, 70.09; H, 4.00; F, 4.43; N, 6.54; O, 14.94; Found: C, 69.89; H,
4.40; N, 6.68.

10) 3,3'-((3-Fluorophenyl)methylene)bis(4-amino-2H-chromen-2-one) (MNP-070)

Yield: 70%; IR (cm™): 3400-3200 (N-H str.), 3075-3030 (Ar C=C-H str.), 2900-2880
( C-H str. -CH), 1740-1690 (C=0 str.), 1680-1650 (N-H def), 1580, 1545, 1500 (Ar
C=C str.), 1345 (C-H bend -CH), 1280-1260 (C-N str. pri amine), 1180 (C-O str.),
1100-1060 (C-F str.), 800-780 (C-H oop def); 'H NMR (DMSO-dy) 6 ppm: 5.97 (s,
1H), 6.86-6.94 (m, 2H), 6.97-6.99 (d, 1H, J=7.8), 7.23-7.29 (m, 1H), 7.32-7.36 (m,
4H), 7.58-7.63 (m, 2H), 7.84 (s, b, 4H), 8.09-8.10 (d, 2H, J=7.52); *C NMR
(DMSO-dg) 6 ppm: 37.21, 93.98, 111.90, 112.11, 113.24, 114.51, 116.54, 122.40,
123.23, 129.38, 131.90, 132.01, 139.90, 141.46, 152.11, 154.28, 164.01; MS: m/z =
428.41 (100%); Anal. Calcd. for CosH7FN,O4: C, 70.09; H, 4.00; F, 4.43; N, 6.54; O,
14.94; Found: C, 70.15; H, 4.10; N, 6.59.

11) 3,3'-((4-Hydroxy phenyl) methylene) bis (4-amino-2H-chromen-2-one)
(MNP-071)

Yield: 65%; IR (em™): 3600-3500 (O-H str.), 3400-3200 (N-H str.), 3075-3030 (Ar
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C=C-H str.), 2900-2880 ( C-H str. -CH), 1740-1690 (C=0 str.), 1680-1650 (N-H def),
1580, 1545, 1500 (Ar C=C str.), 1345 (C-H bend -CH), 1280-1260 (C-N str. pri
amine), 1180 (C-O str.), 810 (C-H oop def); MS: m/z = 426.42 (100%); Anal. Calcd.
for CosHgN,Og4: C, 70.42; H, 4.25; N, 6.57; O, 18.76; Found: C, 70.46; H, 4.20; N,
6.60.

12) 3,3'-((3-Hydroxy phenyl) methylene) bis (4-amino-2H-chromen-2-one)
(MNP-072)

Yield: 60%; IR (cm™): 3600-3500 (O-H str.), 3400-3200 (N-H str.), 3075-3030 (Ar
C=C-H str.), 2900-2880 ( C-H str. -CH), 1740-1690 (C=0 str.), 1680-1650 (N-H def),
1580, 1545, 1500 (Ar C=C str.), 1345 (C-H bend -CH), 1280-1260 (C-N str. pri
amine), 1180 (C-O str.), 800-780 (C-H oop def); MS: m/z = 426.42 (100%); Anal.
Calcd. for CosHgsN>Og4: C, 70.42; H, 4.25; N, 6.57; O, 18.76; Found: C, 70.56; H,
4.37; N, 6.48.

13) 3,3'-((3,4-Dihydroxy phenyl) methylene) bis (4-amino-2H-chromen-2-one)
(MNP-073)

Yield: 62%; IR (cm™): 3600-3500 (O-H str.), 3400-3200 (N-H str.), 3075-3030 (Ar
C=C-H str.), 2900-2880 ( C-H str. -CH), 1740-1690 (C=0 str.), 1680-1650 (N-H def),
1580, 1545, 1500 (Ar C=C str.), 1345 (C-H bend -CH), 1280-1260 (C-N str. pri
amine), 1180 (C-O str.), 810 (C-H oop def); MS: m/z = 442.42 (100%); Anal. Calcd.
for C,5HsN,O¢: C, 67.87; H, 4.10; N, 6.33; O, 21.70; Found: C, 67.83; H, 4.25; N,
6.23.

14)  3,3'-((3-Methoxy phenyl) methylene) bis (4-amino-2H-chromen-2-one)
(MNP-074)

Yield: 61%; IR (cm™): 3400-3200 (N-H str.), 3075-3030 (Ar C=C-H str.), 2980
(Asym C-H str. -CHs), 2900-2880 ( C-H str. -CH), 2870 (Sym C-H str. -CH3), 1740-
1690 (C=0 str.), 1680-1650 (N-H def), 1580, 1545, 1500 (Ar C=C str.), 1345 (C-H
bend -CH), 1280-1260 (C-N str. pri amine), 1260-1200 (Ar-O-Al str.), 1180 (C-O
str.), 800-780 (C-H oop def); MS: m/z = 440.45 (100%); Anal. Calcd. for
Ca6sHooN2Os: C, 70.90; H, 4.58; N, 6.36; O, 18.16; Found: C, 70.63; H, 4.47; N, 6.38.
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15)  3,3'-((4-Methoxy phenyl) methylene) bis (4-amino-2H-chromen-2-one)
(MNP-075)

Yield: 64%; IR (cm™): 3400-3200 (N-H str.), 3075-3030 (Ar C=C-H str.), 2980
(Asym C-H str. -CHj3), 2900-2880 ( C-H str. -CH), 2870 (Sym C-H str. -CH3), 1740-
1690 (C=0 str.), 1680-1650 (N-H def), 1580, 1545, 1500 (Ar C=C str.), 1345 (C-H
bend -CH), 1280-1260 (C-N str. pri amine), 1260-1200 (Ar-O-Al str.), 1180 (C-O
str.), 810 (C-H oop def); MS: m/z = 440.45 (100%); Anal. Calcd. for C,6H20N2Os: C,
70.90; H, 4.58; N, 6.36; O, 18.16; Found: C, 70.84; H, 4.65; N, 6.30.

16) 3,3'-((3,4-Dimethoxyphenyl) methylene) bis (4-amino-2H-chromen-2-one)
(MNP-076)

Yield: 63%; IR (cm™): 3400-3200 (N-H str.), 3075-3030 (Ar C=C-H str.), 2980
(Asym C-H str. -CHs), 2900-2880 ( C-H str. -CH), 2870 (Sym C-H str. -CH3), 1740-
1690 (C=0 str.), 1680-1650 (N-H def), 1580, 1545, 1500 (Ar C=C str.), 1345 (C-H
bend -CH), 1280-1260 (C-N str. pri amine), 1260-1200 (Ar-O-Al str.), 1180 (C-O
str.), 810 (C-H oop def); MS: m/z = 470.47 (100%); Anal. Calcd. for C,7H2,N,Oq: C,
68.93; H, 4.71; N, 5.95; O, 20.40; Found: C, 68.78; H, 4.47; N, 5.88.

17)  3,3'-((2,5-Dimethoxyphenyl) methylene) bis (4-amino-2H-chromen-2-one)
(MNP-077)

Yield: 60%; IR (cm™): 3400-3200 (N-H str.), 3075-3030 (Ar C=C-H str.), 2980
(Asym C-H str. -CHj3), 2900-2880 ( C-H str. -CH), 2870 (Sym C-H str. -CHj3), 1740-
1690 (C=0 str.), 1680-1650 (N-H def), 1580, 1545, 1500 (Ar C=C str.), 1345 (C-H
bend -CH), 1280-1260 (C-N str. pri amine), 1260-1200 (Ar-O-Al str.), 1180 (C-O
str.), 810 (C-H oop def); MS: m/z = 470.47 (100%); Anal. Caled. for C,7H2,N2O¢: C,
68.93; H,4.71; N, 5.95; O, 20.40; Found: C, 68.90; H, 4.69; N, 5.91.

18) 3,3'-((3,4-Dimethoxyphenyl) methylene) bis (4-amino-2H-chromen-2-one)
(MNP-078)

Yield: 68%; IR (cm™): 3400-3200 (N-H str.), 3075-3030 (Ar C=C-H str.), 2980
(Asym C-H str. -CHj3), 2900-2880 ( C-H str. -CH), 2870 (Sym C-H str. -CHj3), 1740-
1690 (C=0 str.), 1680-1650 (N-H def), 1580, 1545, 1500 (Ar C=C str.), 1345 (C-H
bend -CH), 1280-1260 (C-N str. pri amine), 1260-1200 (Ar-O-Al str.), 1180 (C-O
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str.), 810 (C-H oop def); MS: m/z = 500.50 (100%); Anal. Caled. for C,sH24N,0O7: C,
67.19; H, 4.83; N, 5.60; O, 22.38; Found: C, 67.03; H, 4.77; N, 5.75.

19) 3,3'-((3-Ethoxy-4-hydroxyphenyl)methylene)bis(4-amino-2H-chromen-2-
one) (MNP-079)

Yield: 60%; IR (cm'1): 3600-3500 (O-H str.), 3400-3200 (N-H str.), 3075-3030 (Ar
C=C-H str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2900-2880 (
C-H str. -CH), 2870 (Sym C-H str. -CHj3), 2845 (Sym C-H str. -CH;), 1740-1690
(C=0 str.), 1680-1650 (N-H def), 1580, 1545, 1500 (Ar C=C str.), 1450 (C-H bend -
CH,), 1375 (C-H bend -CH3), 1345 (C-H bend -CH), 1280-1260 (C-N str. pri amine),
1260-1200 (Ar-O-Al str.), 1180 (C-O str.), 810 (C-H oop def); MS: m/z = 470.47
(100%); Anal. Calcd. for Cy7H2,N,Og: C, 68.93; H, 4.71; N, 5.95; O, 20.40; Found:
C, 68.79; H, 4.84; N, 6.08.

20)  3,3'-((4-hydroxy-3-methoxyphenyl)methylene)bis(4-amino-2H-chromen-2-
one) (MNP-080)

Yield: 65%; IR (cm™): 3632 (O-H str.), 3368-3208 (N-H str.), 3085 (Ar C=C-H str.),
2984 (Asy C-H str. -CHs), 2900-2880 (C-H str. -CH), 2843 (Sym C-H str. -CH3),
1695 (C=0 str.), 1634 (N-H def), 1591, 1543, 1512 (Ar C=C str.), 1413 (C-H bend -
CHs), 1341 (C-H bend -CH), 12780 (C-N str. pri amine), 1205 (Ar-O-Al str.), 1180
(C-O str.), 800 (C-H oop def); 'H NMR (DMSO-dy) & ppm: 3.68 (s, 3H), 5.93 (s,
1H), 6.57-6.59 (d, 1H, J= 8.16), 6.66-6.70 (m, 2H), 7.28-7.31 (m, 4H), 7.54-7.58 (m,
2H), 7.76-7.79 (s, b, 4H), 8.05-8.07 (dd, 2H, J=0.88, J=7.48), 8.48 (b, 1H); °C NMR
(DMSO-ds) 0 ppm: 36.83, 55.54, 11.99, 114.61, 114.67, 116.35, 118.56, 123.02,
123.30, 128.72, 131.42, 144.17, 147.13, 152.09; MS: m/z = 456.45 (100%); Anal.
Calcd. for CsHoN>Og: C, 68.42; H, 4.42; N, 6.14; O, 21.03; Found: C, 68.29; H,
4.68; N, 6.25.
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2.11 RESULTS AND DISCUSSION

This chapter deals with the dimerization of 4-amino coumarin using green chemistry
approach. Some novel 3,3'-((Substituted phenyl)methylene)bis(4-amino-2H-chromen-
2-one) derivatives have been synthesized to evaluate for various biological as well as
pharmacological interest. The synthesized compounds were well characterized by IR,

'H and "*C NMR and Mass Spectrometry.

2.12 CONCLUSION

We have developed a very simple, efficient and rapid dimerization of 4-amino
coumarin in the presence of catalytic amount of zinc chloride. Presence of catalytic
amount zinc chloride enhanced reaction rate exclusively. Apart from these, this
method has advantageous by means of almost devoid of hazardous chemicals as well
as expensive solvents. A very less amount of methanol has been used for the isolation
of the final products. Easy work up procedure with better yield and purity is the main
benefit of this method. To the best of our knowledge, this is the first report of direct

synthesis of dimeric 4-aminocoumarins.
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2.13 REPRESENTATIVE SPECTRA
2.13.1 IR Spectrum of MNP-066
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2.13.3 'H NMR Spectrum of MNP-066
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2.13.5 IR Spectrum of MNP-068
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2.13.6 Mass Spectrum of MNP-068
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2.13.7 '"H NMR Spectrum of MNP-068
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2.13.9 *C NMR Spectrum of MNP-068
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2.13.10 IR Spectrum of MNP-080
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2.13.11 Mass Spectrum of MNP-080
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2.13.13 Expanded '*H NMR Spectrum of MNP-080
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Chapter-3 One Pot High Purity Synthesis of Some New Dihydropyridines Structurally Related to MDR Reverting and Antihypertensive Agents

3.1 INTRODUCTION

The 1,4-dihydropyridines (DHPs), a class of drugs, possess a wide variety of
biological and pharmacological actions, have represented one of the most important
groups of calcium-channel modulating agents and have experienced widespread use in
the treatment of cardiovascular disease. Moreover, it has been demonstrated that
DHPs could prove to be highly important as multidrug-resistance-reverting agents in
cancer chemotherapy. Recent reports suggest that this class also has other notable
activities, particularly as antimycobacterial and anticonvulsant agents. Finally, it
might be possible for the DHP motif to serve as a scaffold for other pharmacological

applications. [1]

Some of important work is summarized as under.

3.2 LITERATURE REVIEW

Arthur Hantzsch described preparation of 1,4- dihydropyridine more than a century
ago. [2,3] These pyridines are called Hantzsch pyridines and reaction as Hantzsch
reaction (HR). Original synthesis reported by Hantzsch is three components
(acetoacetic ester, benzaldehyde and ammonia or ammonium salts) coupling reaction

in refluxing ethanol (Scheme 3.1).

Scheme 3.1
X
| —+R
7
0
Et O ORI = Et
o}
NH,OH ©
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Exploration of 1,4-dihydropyridine initially were quite slow, later it picked up very
fast because of their structural resemblance to reduced Nicotinamide Adenine
Dinucleotide (NADH, Figure 3.1), which is an established hydrogen transferring
agent in biological processes. [4] Hantzsch pyridines are a subset of the coenzyme

NADH.

Figure 3.1
2 R Q ) \=

Rq< _R Ny z
"o | | o o L."J\
N o D oLl

H Hg: i a oH

Hantzsch 1,4-DHPs Structure of Nicotinamide Adenine Dinucleotide
(NADH)

After Hantzsch synthesis, successive structural modifications involving additions,
reductions and condensations, mainly at the 1, 2 and 6 positions of the
dihydropyridine ring were performed. Later in 1977, modifications in positions 1, 3, 4
and 5, resulted in the Bayer [5] group synthesizing the drug Nifedipine,

revolutionizing the pharmaceutical market due to its antihypertensive properties.

1,4-DHPs, such as Nifedipine, Amlodipine, Felodipine, Isradipine, Lacidipine,
Nicardipine, Nimodipine, Nisoldipine, Nitredipine and others have been found to be
useful as calcium channel blockers, [6-8] and are used most frequently as
cardiovascular agents for the treatment of hypertension (Figure 3.2). [9] A number of
dihydropyridine calcium antagonists have been introduced as potential drugs for the
treatment of congestive heart failure and angina pectoris. [10-12] Their therapeutic
success is related to their efficiency to bind to calcium channels and consequently to
decrease the passage of the transmembrane calcium current associated in smooth
muscle with a longtasting relaxation and in cardiac muscle with a reduction of

contractility throughout the heart. [13-15]

Much work is done in last two decade and many molecules having more specific

cardiovascular activity have come out as new drug molecules like Barnidipine, [16]
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Benidipine, [17] Flordipine, [18] Riodipine, [19] Nilvadipine, Niguldipine, pranidine,
lacidipine, [20,21] which are demonstrated in Figure 3.3.

Figure 3.2

R4

RsozcﬁCOZRs
|

R N° R
2 H 6

General Structure

Cl Ny
Cl H cl
H3CO.C 7 COCoHs H3CO,C COchzCH3 (HsC),HCO,C 0020H3
HaC™ "N” “CH,0CH,CH,NH,

H;C CHg3

Amlodipine Felodipine Isradipine

O,N

/~COOC(CHs); O,N
CHs  HycooC COOCH;
C2Hs00C CO2C,Hs H;CO0C o~ N |
) H,C” "N~ CHs
CgH 3
Hs;C H CH3 HsC 615 H
Lacidipine Nicardipine Nifedipine
O,N
H
H,CO,C CO,CH;
||
HsC” "N” “CH
3 H 3
Nimodipine Nisoldipine Nitrendipine
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Figure 3.3

Benidipine

O

Flordipine Niguldipine

Pranidipine Lacidipine

Few recent methods leading to symmetric, asymmetric and N-substituted 1,4-

dihydropyridines are summarized as follow.
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A) Synthesis of Symmetric 1,4-dihydropyridines containing same group at
2,6 & 3,5 position.

Mohammad et al. [22] had prepared 1,4-dihydropyridine under solvent free condition.
Ethyl acetoacetate and a range of aldehydes in the presence of ammonium acetate
were converted into 1,4-dihydropyridines under mild and solvent free conditions with

good to excellent yields.

Scheme 3.2

o Q EtOOC COOEt
)J\/U\OEt * R-cHO + CH3;COONH; ——>» | |

Iz

Sandeep et al. [23] discovered a novel method, which is eco-friendly, cost effective,
solvent free and it was developed for the synthesis of 1,4-dihydropyridines from ethyl
acetoacetate, aldehyde and ammonium acetate under domestic microwave oven. It
was facile one-pot synthesis of 1,4-dihydropyridine in which reaction time was less

with good yields.

Scheme 3.3

CHO O o
X MW
R© + MOCZHs - .

CH3COONH,

Matloubi et al. [24] synthesized an one-pot four-component reaction of aldehydes,
ethyl acetoacetate/5,5-dimethyl-1,3-cyclohexanedione, ethyl acetoacetate and
ammonium acetate in the presence of 10 mol% of ZnO as a heterogeneous catalyst for
the synthesis of corresponding 1,4- dihydropyridine. The present methodology offers

several advantages such as simple procedure, excellent yields and short reaction time.
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Scheme 3.4
CHO o o
X Zn0O
Ve TP o
= 10% mol
CH3;COONH,

Liselotte et al. [25] synthesized 24 symmetric 1,4-dihydropyridines by using 6
different aldehydes, 4 different 1,3-diketones and ammonium hydroxide. Reaction
assisted with microwave dielectric heating, to give shorter reaction time and often

higher yields as compared to conventional method.

Scheme 3.5
0 M O R O
NH,OH
H)LR + OR; . - RO OR;
MW |

Where R4= Et, t-but, benzyl
R= Aryl/Heteroaryl

Figure 3.4

0O R O

N
H

Where R= Aryl/Heteroaryl

A facile and convenient method was developed by Mohammad Nikpassand et al. [26]
for the fast and high yielding (70-90 %) synthesis of fused 1,4-dihydropyridines from

dimedone in the presence of HY-zeolite as an efficient recyclable heterogeneous

catalyst.
Scheme 3.6
(@] Ar O
0 O HY-zeolite
+ Ar-CHO >
NH,OAC N
EtOH reflux H
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Santander-G et al. [27] synthesized nitroso-substituted derivatives of 1,4-
dihydropyridine to search for new compounds with potential toxic effects on parasites
or tumoral cells. The synthetic pathway was based on the classical Hantzsch synthesis
of 1,4-dihydropyridines using nitrobenzaldehyde as starting material and a subsequent

reduction of the nitro group.

Scheme 3.7
CHO
| X
RT
R1O OR1 1) CaClz, NH4CI-Zn
o o RO OR1  EtoH/H,0 RO
. Reflux, EtOH
o o 2) FeCly, H,0
trio H* _
NH; Where R,=Me/ Et/ iso-pr }2'°Cr ° Where R;=Me/ EY/ iso-pr
R= m-NO,/ p-NO, g R= m-NO/ p-NO

M. Adharvana Chari et al. [28] reported the synthesis of 1,4-DHPs in the presence of
NaHSO04-Si10, at ambient temperature by following Hantzsch procedure, which has

advantages of low cost, ease of preparation and catalyst recycling.

Scheme 3.8
R-CHO R
o) o) SiO,- NaHSO, EtOOC & COOEt
n :
O o CH3CN, rt, 5-8 h H
EtO OEt
CH3;COONH, Where R= Aryl/ Alkyl/ heterocycles

Abdelmadjid Debache et al. [29] reported that triphenylphosphine is a highly efficient
catalyst for the synthesis of a variety of 4-substituted- 1,4-dihydropyridines in one
pot. This method is applicable to a wide range of substrates, including aromatic and
heterocyclic aldehydes and provides the corresponding 1,4-dihydropyridines in good
to excellent yields. The present methodology offers advantages such as reduced
reaction times and economic viability of the catalyst, compared with conventional

methods and other catalysts.
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Scheme 3.9
CHO
N

R

=
o) 0 PPhs (20 mol%) ~ EtOOC COOEt
o 0 EtOH, refluxt, 2-5 h N

EtO OEt

CH3;COONH, Where R= Aryl/ Alkyl/ Heterocycle

Gowravaram Sabitha et al. [30] reported a novel and efficient synthesis of Hantzsch
1,4-dihydropyridines by a modified Hantzsch procedure using TMSI in CH3;CN at

ambient temperature.

Scheme 3.10
R
o R R,0C COR;
R-CHO -+ ) TMSCI/ Nal . |
H,N CHACN, rt, 2-3 h N
Where R4= Me/ Et
R= Aryl/ Alkyl/ Heterocycles

Fatemeh Tamaddon et al. [31] reported 1,4-dihydropyridines in water via Hantzsch
reactions using ammonium carbonate as a solid ammonia source. The products were
obtained in high yields and purities compared with previous methods without the use

of a catalyst or an organic solvent.

Scheme 3.11
R
R-CHO
R,O ORy R,0C COR;
0 o) H,0, 55-60 °C |
+ -
N
0 O H
(NH,4),CO; Where R4= Me/ Et
R=Aryl/ Alkyl/ H
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Very recently Shingare et al. [32] has came out with biological activity of a few 1,4-
dihydropyridines. Many new compounds are prepared using few aldehydes and acetyl

acetone for getting Hantzsch type dihydropyridines.

Figure 3.5

R = Phenyl, o,m,p-nitro phenyl etc...
R1= -CH3, -OCH3 etc..

Reddy et al. [33] synthesized 4-aryl heteroaryl-2,6-dimethyl-yl-3,5-bis-N-(2-methyl
phenyl) carbamoyl-1,4-dihydropyridines through one-pot synthesis using appropriate
aromatic aldehydes and liquid ammonia. Pharmacological screening of the new 1,4-
dihydropyridines were also carried out for CNS depressant (anticonvulsant and
analgesic) and cardiovascular (inotropic and blood pressure) activities by standard

methods.

Figure 3.6

R = -NO,,-OH, di-OCHj etc....

Neamati et al. [34] reported that 1,4-dihydropyridine molecule came out with its anti-
HIV activity, which has opened up the synthetic as well as pharmacological

importance in antiviral area also.
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Figure 3.7

Earlier Shah et al. synthesized library of symmetric 1,4-dihydropyridines containing
3,5-diacetyl-2,6-dimethyl-4-(substituted phenyl) -1,4-dihydropyridine, [35,36] 3.5-
dicarboxylate-2,6-dimethyl-4-(substituted phenyl)-1,4-dihydro pyridine, [37] 3,5-
dibenzoyl-2,6-dimethyl-4-(substituted phenyl)-1,4-dihydropyridine, [38-44] 3,5-
dicarbamoyl-2,6-dimethyl-4-(substituted phenyl)-1,4-dihydropyridine [45,46] and
3,5-dicarboxylic acid-2,6-diaryl-4-(substituted phenyl)-1,4-dihydro pyridine, [47] to
investigate various biological activity like MDR reversal, anti-TB, anti-tumor and

antimicrobial activity for the synthesized compounds.

Scheme 3.12
CHO
N
R
_—
o 0 Reflux, EtOH _
+
0] (@]
(NH4)>CO5
Scheme 3.13
CHO
N
R-+ P
R1Q OR1" " Reflux, EtOH
0 O -
+
0] (0]
NH; Where R;=Me/ Et
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Scheme 3.14
CHO
I X
R_I 7 1
R1K \ A
L N\ // NH,
+ X
O o Reflux, MeOH
9] O

From these 3,5- dibenzoyl 1,4-dihydropyridines, DP7, a novel dibenzoyl-1,4-
dihydropyridine compound, synthesized in our laboratory has been shown to be a
powerful Pgp inhibitor, almost devoid of cardiovascular effects, but capable of
inhibiting liver CYP3A. DP7 is considered a lead compound for the development of
novel dihydropyridiens which do not affect CYP enzyme but still remains active

towards ABC-efflux transporters.

DP7 has also found out as a new multidrug resistance reverting agent devoid of
vascular smooth muscle contractility. DP7 inhibited L-type Ca*" current recorded in
artery myocytes in a concentration —dependant manner, with IC50 values ranging
between 1.12x10° and 2.23%10°. In L5187 MDR cell line, DP7 exhibited an MDR-
reversing activity, with IC50 values ranging between 3.02x10” and 4.27x107, being
the most potent. The K channel opner cromakalim inhibited the Ca*" induced
contraction in K30 but not that evoked in K60. But DP7, on the contrary was

ineffective in both experimental conditions.

Figure 3.8
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Scheme 3.15
CHO
X
R
Pz
) = =
o R— | 1R
NH3 _w 2 | 1
o . o0 -
HN NH  Reflux, EtOH
7\ —
R/‘ \ IR, Where R & Ry= -Cl, -F, -CH3; etc
Scheme 3.16
CHO
R-- D
P Reflux
o o EtOH
+ —_—
0 (0]
(NH4),CO4
Scheme 3.17
CHO
0 R N
/@ An. AlCl5 =
+ oO——>
R; Con. HCI NH3
o Reflux, EtOH
Where Ry=-Cl, -CH3, H
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B) Synthesis of Asymmetric 1,4-dihydropyridines containing different group
at 2,6 and/or 3,5 position

Waldo et al. [48] reported a solvent-free, two-step synthesis of some unsymmetrical

4-aryl-1,4-dihydropyridines.

Scheme 3.18
CHO
X O O NH, O
il " — Ry
R | _ * )J\/U\OR‘1 )\)J\ORZ 1

Recently much effort has been expended to develop more efficient methods for the
preparation of 1,4-DHPs using microwave, [49] metal triflates as catalyst, [50]
reaction in ionic liquid, [51] p-TSA, [52] HY-Zeolite, [53(a)] K7[PW11Co040]-
catalyzed [53(b)]and HCIO,4 -SiO,. [54] 1,4-DHPs were synthesized by the Hantszch
method, which involves cyclocondensation of aldehyde, f-ketoester, and ammonia

either in acetic acid at room temperature or refluxing in alcohol for a long time.

Scheme 3.19
0 O R O
NH4OAc
R-CHO + — > | OCHs
o ASAMeOH
N
70 °C, 2h H

Joshi et al. [55] has used molecular iodine as a catalyst for the preparation of 1,4-
dihydropyridine. Molecular iodine [56-61] has attracted attention as an inexpensive,
non toxic, readily available catalyst for various organic transformations to afford the

corresponding products in excellent yields with high selectivity.
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Scheme 3.20

R-CHO O R O

Ry R,
4> |
j} ;
i H

R= Substituted phenyl

NH,OAc R{=Me/ iso-pr
R,=methoxy, isopropxy

Nandkishor et al. [62] found that L-Proline has been found as an effective catalyst for
the one pot synthesis of polyhydroquinoline derivatives via four component Hantzsch
reaction. This method provides several advantages such as being environmentally
benign, possessing high yields with increased variations of the substituents in the

product and preparative simplicity.

Scheme 3.21

CHO

N
R~
') = L-proline(Cat)
(@) >

+ Ethanol,reflux

0 HO

OC,H5
NH,OAC

Atul Kumar et al. [63] described Synthesis of polyhydroquinoline derivatives through

unsymmetric Hantzsch reaction using organocatalysts.

Scheme 3.22
CHO
: AN
R
=
) R4 Organocatalyst
(0] >
+ RT
O
© OR,
NH4OAC Where Ry= Me
R,= -OMe, -OEt, -O-t-But
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Two different routes of synthesis in single step are reported for 3-cyano
ethoxycarbonyl-2,6-dimethyl-4-(2-trifluoro methyl phenyl)- 1,4-dihydropyridine.
Firstly, the condensation of aldehyde with ethyl-3-aminocrotonate and 2-cyanoethyl-
3-oxobutanoate. In another method, the condensation of ethyl-2-(2-trifluoromethyl
phenyl benzylidene) acetoacetate was carried out with 2-cyanoethyl (2Z2)-3-aminobut-

2-enoate. [64]

Scheme 3.23
CHO
NH, o o
CF; )_\
— + CN
* COOC,Hs )J\/U\o/\/
H3CH,COOC COOCH,CH,CN
||
N
H
cFs . NH
C2Hs00C = HsC™  COOCH,CH,CN
o)

Meyer et al. [65] have prepared anti-inflammatory agents such as 2-amino-3-benzoyl

cyano-1,4-dihydropyridine.

Figure 3.9

Tsuchida et al. [66] has shown that CD-349 can be appeared to be a potent
cerebrovasodilator in dogs and could be useful in the treatment of cerebrovascular

disorders in human.
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Figure 3.10

Bang-le Zhang ef al. [67] reported an efficient total synthesis of (R) and (S)-3-methyl
S5-pentyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine- 3,5-dicarboxylate in
high optical purities.

Figure 3.11
NO,

MeOOC COOCH5(CH5)sMe

N
H

MN9209

Mikhail F. Gordeev et al. [68] described method enables simple and expedient solid-
phase syntheses of 1,4-dihydropyridines in good overall yields and is well suited for

the combinatorial split and pool protocols.

Figure 3.12

Where R=-NO, etc...
R1& R3= Me/ Et/ Ph
R, & R4= Me/Et/iso-pr/OMe/OEt/OAllyl etc

Bahadir Bulbul et al. [69] reported new condensed 1,4-DHP derivatives, synthesized

by the reaction of substituted cyclohexanedione derivatives, various alkyl acetoacetate
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esters and trisubstituted aromatic aldehydes according to modified Hantzsch
synthesis. In pharmacological screening tests, the obtained results showed that

condensed 1,4-DHP derivatives exerted calcium channel blocking effects.

Scheme 3.24
CHO FiC ol
F
F
FsC Cl 0 )
Modified Hantzch
+ X N
') Synthesis H
© OR
NH4OAC Where R=Me, Et, Ally, Benzyl,
iso-butyl, t-butyl, -CH,CH,OCHj

Shah et al. [70] synthesized several asymmetric 1,4-dihydropyridines to evaluate their
various pharmacological activities, like anti-TB, tumor specific cytotoxicity, Pgp

inhibitor, anti viral and antimicrobial activity.

Figure 3.13
=
R— |
N
Where R= -CI,-NO etc.
Where R= -Cl, OPh etc. R1= Me/ Methoxy etc...
R1= Me/ Methoxy/ Thiomethoxy R,= COOMe, COOEt, CN etc..

Apart from these, many 1,4-dihydropyridines with various substituents like
heteroaromatic/ aliphatic/ sugar/ coumarin/ quinoline/ flavone at C4 position
have been reported, which are also covered under asymmetric 1,4-
dihydropyridines.

Surendra et al. [71] developed an efficient synthesis of 4-(butenolide-5-

methylidenyl)-1,4-dihydropyridines, which has been achieved via a three-component
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reaction of B-keto esters or ketones, ammonium acetate and vinylic aldehydes from

ascorbic acid in the presence of tetrabutylammonium hydrogen sulphate in ethylene

glycol.
Scheme 3.25
HO HO
O _o ~._0O o
HO
— e
HO OH RO OR
L-Ascorbic acid n PCC, CH,Cl,
0-30°C
NH4OAC, TBAHS Oric 0
X O
b-keto compounds
ethylene glycol,90°Cc RO OR
OR  \Where R=-CHs,-CH,Ph
R4,R,=Different substituents

Farzin et al. [72] demonstrated the synthesis and antihypertensive activity of newly
synthesized 1,4-dihydropyridines. They prepared symmetric DHPs by conventional

Hantzch condensation as described previously.

Scheme 3.26
SR
SR, 1 SR,
i =) i
N NN NA\
N NH W
HCHO ~
R,00C COOR, ——— , R00C & COOR;  ——— r 00cC COOR,
L AN(CH), N"  CH,CH,N(CHs) L
N 2CHRN(CH3), N N
b H H Q
Ry = Me, Et, Benzyl N
R, = Me, Et

Abbas Shafiee et al. [73] described anticonvulsant activities of new 1,4-

dihydropyridine derivatives containing 4-nitroimidazolyl substituents.
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Figure 3.14

Where R= Me, Et, iso-pr, t-but etc..

F. Hadizadeh et al. [74] synthesized a series of 1,4-dihydropyridine calcium channel
blockers bearing 1-(4-X -benzyl)-5-imidazolyl substituent at 4 position (5a-¢) (X=H,
F) which were tested for antihypertensive activity in desoxycorticosterone acetate

(DOCA)-induced hypertension in rats.

Figure 3.15

Where R4= Me, Et,
R, =Me, Et, Benzyl

Francesca Cateni et al. [75] reported synthesis of 4-thiophen-20-yl-1,4-
dihydropyridines as potentiators of the CFTR chloride channel.

Figure 3.16
Ry R
X P/ R1
ROOC COOR
|
N
H
Where R= Me, Et, Allyl, Benzyl
R1=-CH3, -H, etc..
R, =H/ Ph, R3= -H, -CH3, -NO,
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Mehdi Khoshneviszadeh et al. [76] described Synthesis and biological evaluation of
some new 1,4-dihydropyridines containing different ester substitute and diethyl

carbamoyl group as anti-tubercular agents.

Figure 3.17
O.N

_N__N

ROOC CON(C,Hs),

N
H

Where R= Mg, Et, Benzyl etc..

Afshin Fassihi et al [77] reported synthesis and antitubercular activity of novel 4-
substituted imidazolyl -2,6- dimethyl- N3,N5-bisaryl-1,4-dihydropyridine -3,5-

dicarboxamides.

Figure 3.18

Ar-HNOC

N
H

Where X=-NH/ -CH,
Ar= Substituted Ph/ Py

Earlier, Berson et al. [78] first time synthesized quinoline containing unsymmetrical
compound 4- (4-quinolyl) -2,6- dimethyl-3- carbethylxy- 5-acetyl -1,4-
dihydropyridne.
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Figure 3.19
N
R

=

H,COC H COOCH,CH;

N
H

Bossert et al. [79] also put in their efforts to preparing coronary dilator and
antihypertensive 1,4-dihydropyridines containing a quinoline group at C4 position.
Ethyl 2-amino-4-(4-quinolyl)-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate  have
been prepared by the cyclization of 1,3-cyclohexanedione with aldehyde and CHjs-
CH,-CH,-C(NH)-NH;,

Scheme 3.27

0 CHO .Et
. —_— =

ﬁo

O HN?NH,

Other unsymmetric 2,6-diamino-4-(4-quinolyl)-1,4-dihydropyridine was synthesized
by a different route. [80]

Scheme 3.28
' ~
N
_ 0
+ 0 —> (C,Hs;00C
~_CN
COOC,Hs NH,

Shah et al. [81] also synthesized quinoline containing asymmetric 1,4-

dihydropyridines to study its X-ray crystallographic parameters.

Department of Chemistry, Saurashtra University, Rajkot-360005. (INDIA) Page 137



Chapter-3 One Pot High Purity Synthesis of Some New Dihydropyridines Structurally Related to MDR Reverting and Antihypertensive Agents

Figure 3.20
2\
I
N el
EtOOC COOEt
|
N
H

Shah et al. [82,83] reported some unsymmetrical 1,4-DHP derivatives as potent
antitubercular agents. In last few years, researchers of this laboratory synthesized and
studied 1,4-dihydropyridine derivatives bearing pyrazoline, isooxazole at Cs position.
They reported these derivatives as bactericidal, fungicidal and surprisingly

antitubercular also.

Figure 3.21
NO,
H,COOC sy R

Recently Shah et al. [84] synthesized asymmetric 1,4-dihydropyridines containing

pyrazole motif at C4 position to give structural and molecular diversity.

Figure 3.22

Where Ry =-CN/ -COOEt/ -COPh
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Sachio et al. [85] prepared antihypertensive 1,4-dihydropyridine containing a benzo

furazanyl moiety at C4 Position.

Scheme 3.29
N\
/N CH3 /O
\o N
<N HoNT
+ — » H,CH,COO0C COOCH,CHy
Br COCH; Q~ 0 |
Et ”
0" ™o
Et

P. Valenti et al. [86] synthesized a series of 1,4-dihydropyridines bearing a coumarin
moiety in 4-position. The compounds were evaluated for inotropic, chronotropic and

calcium antagonist activities.

Figure 3.23

Where R=Phenyl/ H
R,=-COOMe/-COOEY/-COOAIlyl etc..
R, =-COOMe/-COOE/-COOAIlyl etc..

Ozbey et al. [87] gave synthesis of some 1,4-dihydropyridine derivatives containing

the flavone ring system.

Figure 3.24

CSH5 CGH5 CSH5 C6H5

Z>0 Z>0 Z 0 o)
o) 0 0 o
R,00C H coor,R,00C H cOoR R{HNOC H CONHR,R{HNOC H CONHR
| || || |
N N
N N N H
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(03] Synthesis of N-Substituted 1,4-dihydropyridines containing same/
different group at 2,6 & 3,5 position.

1,4-dihydropyridines containing cyano group at Cs3/Cs position and N-
Substituted 1,4-dihydropyridines will be discussed in next chapter.
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D) Aromatization of 1,4-dihydropyridines

The oxidation of Hantzsch’s 1,4-dihydropyridines (1,4-DHPs) to the corresponding
pyridines has been extensively studied. The relevance of this reaction to the
metabolism of Hantzsch’s esters as calcium channel blocking drugs is exploited to
treat various cardiovascular disorders. For example, 1,4-DHP-derived drugs such as
nifedipine, nitrendipine and nimodipine are frequently used as cardiovascular agents
(Ca®* channel blockers) in the treatment of hypertension and angina pectoris diseases.
The metabolism of these drugs involves the oxidative aromatization of 1,4-DHP
nucleus to the corresponding pyridine derivatives, which are catalyzed in the liver by
cytochrome P-450. Therefore, numerous studies have been performed on the

mimicking of this enzyme.

Numerous reagents have been recommended for the oxidative aromatization of 1,4-
DHPs to the pyridines, such as I, KMnOy4, SeO,, KBrOs;/SnCl;5H,0, magtrieve,
Pb(OAc)4, chloranil, H,O,/Co(OAc),, Co-naphthenate/O,, nicotinium dichromate,
clay or wet-SiO, supported oxidants, S-nitrosoglutathione, NO, palladium catalyst,
peroxydisulfate—cobalt(Il), hypervalent iodine reagents, inorganic acidic salts, and
sodium nitrite or nitrate, solid acids, sodium periodate catalyzed by manganese(I1I)
Schiff’s base, N,NO-ethylene-bis(benzoylacetoniminato) copper(Il), cytochrome P-
450, electrochemical methods, K,FeO4 by microwave promoted and photooxidation.

[88-91]

Scheme 3.30
R R
R,00C COOR
! ﬁ 2 t-Butanol, catalyst RpOCf\/[COORZ
> /
R3 N R3 AcOH, rt Ry~ "N "R

Where R4=Me/Et/ iso-pr/ t-but
R, & R3= Me/EY/ iso-pr/ t-but etc
R = -H, sub-Ph etc..

Department of Chemistry, Saurashtra University, Rajkot-360005. (INDIA) Page 141



Chapter-3 One Pot High Purity Synthesis of Some New Dihydropyridines Structurally Related to MDR Reverting and Antihypertensive Agents

E) X-ray crystallographic study of some 1,4-dihydropyridines

A systematic study of symmetric as well as asymmetric 1,4-dihydropyridines has been
carried out by Shah et al. [92-105] to investigate their manifold medicinal utility like
antihypertensive, anticancer, Pgp-inhibitor, tumor specific, antitubercular,
antimicrobial and anti-HIV. Many of the synthesized compounds were well

characterized by single crystal x-ray crystallographic study, which is enlisted below.

Inhouse synthesized various symmetric 1,4-dihydropyridines like 3,5-diacetyl, 3,5-
dicrbmethoxy [106] and 3,5-dicarbethoxy [107] 1,4-dihydropyridines have been

confirmed from single crystal x-ray crystallographic studies.

Figure 3.25

Symmetric 3,5-dibenzoyl, 1,4-dihydropyridines were studied by single crystal x-ray
crystallography. [108,109]

Figure 3.26

Symmetric 1,4-dihydropyridines containing carbamoyl group at Cs; and Cs position
have been synthesized and well characterized by single crystal x-ray crystallography.
[110,111(98,100)]
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Figure 3.27
N N ”
c M H o ¢ cl
Figure 3.28
NO, OMe OMe

Cl Cl

Cl

Iz

CDMD-3 (DA-3)

While four different asymmetric 1,4-dihydropyridines were confirmed by single

crystal x-ray crystallographic study. [112-115]

Figure 3.29
OMe

1,4-dihydropyridines containing cyano group at Cs/Cs position and N-substituted 1,4-
dihydropyridines also well characterized by single crystal x-ray crystallographic

study, which is described in next chapter.
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3.3 PHARMACOLOGICAL SIGNIFICANCE

1,4-Dihydropyridines (1,4-DHPs) belong to a class of nitrogen containing
heterocycles having a six-membered ring. Much attention has been devoted to explore
their pharmacological activities. A number of bioactivity are associated with 1,4-
dihydropyridines. Among several bioactivities, their value as antihypertensive agents
is unquestioned and is reported as good calcium channel blocker. On the molecular
level, 1,4-DHP compounds cause vasorelaxation by blocking voltage-operated
calcium channels in smooth muscle cells and also by increasing NO release from
intact endothelium. Among other types of heterocyclic compounds having similar
pharmacological activity (verapamil and diltiazem), 1,4-DHPs are the most potent

calcium antagonists or calcium channel blockers. [116]

Despite this, 1,4-DHPs are significantly potent in cancer chemotherapy along with
clinically used drugs. This family of compounds is potent inhibitors of P-glycoprotein

(Pgp), which are the main cause of the efflux of toxins the cells. [117,35,36,38-44]

The DHP ring is a common feature of various bioactive compounds such as
vasodilator,  bronchodilator, antiatherosclerotic,  antitumor, geroprotective,
hepatoprotective and antidiabetic agents. [118] Recent studies have revealed that 1,4-
DHPs exhibit several other medicinal applications which include neuroprotectant
[119(a)] and platelet anti-aggregratory activity, [119(b)] in addition to acting as a
cerebral antiischemic agent in the treatment of Alzheimer’s disease [119(c)] and as a

chemosensitizer in tumor therapy. [119(d)]

Recent studies have demonstrated that 4-aryl-1,4-DHPs containing lipophilic
dicarbamoyl groups on the C; and Cs positions of the DHP ring have considerable
antitubercular activity against Mycobacterium tuberculosis H37Rv. [120-122] Other
studies developed the new DHP derivatives containing diethyl carbamoyl and ester
substituents on Cs and Cs and a nitroimidazolyl group on the C-4 position of the DHP
ring (nitroimidazolyl derivatives have been demonstrated to be potential
antitubercular agents, especially against resistant strains). Aryl ester analogs of these

derivatives (especially the 3-phenylpropyl ester analog) exhibited comparable
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antitubercular activity against M. tuberculosis H37Rv with the reference drug

isoniazid and minimal calcium-channel blocking activity. [123]

Several DHP derivatives have been found to have bronchodilatory, vasculoprotective,
hepatoprotective, antiplatelet and antifungal properties. [124] They have also shown
analgesic properties, as well as antioxidant activity and inhibition of GABA receptors.

[125,126]

DHPs reduced hyperglycemia considerably, improved glucose metabolism and
increased insulin sensitivity in diabetic rats. In addition, administration of nisoldipine
in streptozocin-induced diabetes lowers the blood glucose level by peripheral
vasodilation and increased glucose turn over. Moreover, it was reported that
nifidepine has an inhibitory effect on TNF-a-induced neovascularization in

streptozocin-induced diabetic rats. [127,128]

Some experiments have shown synergistic effects of DHPs with some anticonvulsant

drugs, such as carbamazepine. [129]

1,4-DHPs possess different pharmacological activities such as coronary vasodilator
and cardiopathic, [130] antimayocardiac ischemic, antiulcer, [131] antiallergic, [132]
anti-inflammatory [133] and antiarrhythmic, [134] PAF antagonist, [135] Adenosine
A3 receptor antagonist. [136]

Moreover, studies revealed that 1,4-dihydropyridine derivatives (1,4-DHP) show
antimutagenic and anticlastogenic properties and accelerate repair of oxidant and

ionising radiation generated DNA damage. [137,138]

Antioxidant activity with 1,4-dihydropyridine structure were investigated as a less
harmful alternative to synthetic phenolic antioxidants in liposomes under conditions

simulating food storage. [139]
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3.4 AIM OF CURRENT WORK

DHPs are the molecules of diverse pharmacological interest mainly in cardiovascular
diseases but they are now also established as potent inhibitors of Pgp which is the
main cause of chemotherapy failure in cancer. There is lot of scopes in the DHP
molecules as at least five main positions are available for modification. Moreover, the
particular position can be modified according to structural need. For Pgp inhibitory
activity, replacement of C; and Cs ester groups was explored in most of the cases as
these positions are responsible for cardiovascular selectivity. Even the C; position was
studied. Thus, this “privileged structural” class studied extensively and identified in
recent years for their very promising other therapeutic activity spectrum such as Pgp

inhibitors, MDR modifier and immunomodulators.

Thus, the opportunity to synthesize some new chemical entities as well as to explore
their biological activity was the main rational behind initializing the work included in

this chapter.

Department of Chemistry, Saurashtra University, Rajkot-360005. (INDIA) Page 146



Chapter-3 One Pot High Purity Synthesis of Some New Dihydropyridines Structurally Related to MDR Reverting and Antihypertensive Agents

3.5 REACTION SCHEME

3.5.1 Preparation of Diisobutyl 2,6-dimethyl-4-(substituted phenyl) -1,4-
dihydropyridine-3,5-dicarboxylate (MNP-081 to 099)

A
| —R
_
; CHO ?,
q o _PA
© 4+ o0 gl. CHsCOOH
0 o 3-4 drops
NH,OAC Reflux

Where R= -NO,, -F, -OCHj3;, -Cl, etc.
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3.6 PLAUSIBLE REACTION MECHANISM

R
R R.cHO 1 H_ R NH, R

—» R
@

-H,0
HsC 0 2

Michael type
Addition
R
Ho
R R
H
Q

@
HiC™ 10) H,N"NCH;

H* Trsnsfer

R1
rR_H R
HO |
H.C N CH
3 H 3
l “H,0
R1
R R
H.c” >N~ “CH
3 H 3

Where R=-COOQiso-but & R{= Substituted Phenyl
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3.7 EXPERIMENTAL

3.7.1 Analysis Protocol

Melting points were determined in open capillary tubes and are uncorrected.
Formation of the compounds was routinely checked by TLC on silica gel-G plates of
0.5 mm thickness and spots were located by iodine and UV. IR spectra were recorded
in Shimadzu FT-1R-8400 instrument using KBr Powder method. Mass spectra were
recorded on Shimadzu GC-MS-QP-2010 model using Direct Injection Probe
technique. "H NMR was determined in CDCl; solution on a Bruker Avance 11 400
MHz NMR Spectrometer. Elemental analysis of the all the synthesized compounds
was carried out on Elemental Vario EL 111 Carlo Erba 1108 model. Purity of all the
compounds was checked by Shimadzu HPLC SPD-M 10 A-VP LC-10 ATVP model.

All the results are in agreements with the structures assigned.

3.7.2 Preparation of Diisobutyl 2,6-dimethyl-4-(substituted phenyl) -1,4-
dihydropyridine-3,5-dicarboxylate (General Procedure)

A mixture of substituted aldehyde (0.01 mole), isobutyl acetoacetate (0.02 mole) and
ammonium acetate (0.05 mole) were taken in isopropyl alcohol with 3-4 drops of
glacial acetic acid. The reaction mixture was refluxed for 12-14 hours at reflux
temperature till reaction completed. The progress and the completion of the reaction
were checked by silica gel-G Fas4 thin layer chromatography using ethyl acetate:
hexane (3:2) as a mobile phase. After completion of the reaction, solvent was
evaporated under reduced pressure to obtained crude product. Crude product extracted
with ether and hexane (70:30). Then ether layer was evaporated to get the solid
product. Product was recrystallized from methanol and the crystalline product was
separated by filtration. Similarly other compounds are also prepared. All the

synthesized compounds were found to pure upto 97-99% by HPLC.

The physical data of newly synthesized compounds are given in Table No. 3.8.1
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3.8

PHYSICAL DATA

3.8.1 Physical Data Table of Diisobutyl 2,6-dimethyl-4-(substituted phenyl)-1,4-
dihydropyridine-3,5-dicarboxylates

Sr. Sample Substitution Molecular | M. Wt | MP°C | Yield

No. Code R Formula %
1 MNP-081 H Ca3H31NOy4 385 138-140 85
2 MNP-082 2-NO, Ca3H30N206 430 132-134 80
3 | MNP-083* 3-NO; Ca3H30N206 430 148-150 93
4 MNP-084 4-NO, Ca3H30N206 430 120-122 90
5 MNP-085 3-F Ca3H30NFO4 403 124-126 92
6 MNP-086 | 4-OH, 3-OC,Hs | C,sH35NOg 445 120-122 70
7 MNP-087 | 4-OH, 3-OCH3 C14H33NOg 431 118-119 68
8 MNP-089 2-OCH; C24H33NOs 415 114-116 65
9 MNP-090 3-OPh C29H35NOs 477 121-123 62
10 | MNP-091 2-Cl Ca3H30NCl1O4 419 142-144 70
11 MNP-092 3-Cl Ca3H30NCl1O4 419 88-90 55
12 | MNP-093 4-Cl C23H30NClO4 419 120-122 50
13 | MNP-097 3,4- di-OCHj3 CysH3sNOg 445 102-104 75
14 | MNP-098 2,5- di-OCH3 Cy5H3sNOg 445 98-100 73
15 | MNP-099 | 3,4,5-tri-OCH3 CycH37NO7 475 124-126 80

NB: “*’ indicating that the compound is reported. [140-142]
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3.9 SPECTRAL DISCUSSION

3.9.1 IR Spectra

IR spectra of the synthesized compounds were recorded on Shimadzu FT-IR 8400
model using KBr powder method. Various functional groups present were identified

by characteristic frequency obtained for them.

The characteristic bands of N-H group showed in the region of 3500-3200 cm™ with a
deformation due to in plane bending at 1650-1550 cm™. Aromatic C-H stretching and
bending frequencies showed between 3070-3030 cm™ and 1600-1400 cm™
respectively. C-H stretching and bending frequencies for methyl and methylene group
were obtained near 2950-2850 cm™ and 1450-1375 cm™. Characteristic frequency of
C=0 stretching of esters showed near 1750-1715 cm™ and C-O stretching showed at
1200-1170 cm™. Characteristic frequency of C-N stretching showed near 1350-1280

-1
cm .

3.9.2 Mass Spectra

Mass spectra of the synthesized compounds were recorded on Shimadzu GC-MS-QP-
2010 model using direct injection probe technique. The molecular ion peak was found

in agreement with molecular weight of the respective compound.

3.9.3 'H NMR Spectra

'H NMR spectra of the synthesized compounds were recorded on Bruker Avance I
400 MHz NMR Spectrometer by making a solution of samples in CDCI3 solvent
using tetramethylsilane (TMS) as the internal standard unless otherwise mentioned.
Number of protons identified from '"H NMR spectra and their chemical shift (8 ppm)
were in the agreement of the structure of the molecule. J values were calculated to
identify o, m and p coupling. In some cases, aromatic protons were obtained as

multiplet. Interpretation of representative spectrum is discussed as under.
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3.9.3.1'H NMR of Diisobutyl 2,6-dimethyl-4-(4-nitrophenyl)-1,4-
dihydropyridine-3,5-dicarboxylate (MNP-084)

NO,
©@ ©@
ol g
RE

©®
@@H@@
@

1. Proton no. 1 and 2 of methyl group of total 12 H gave a doublet at 0.86-0.91 o
ppm.

2. Proton no. 3 of total 2H gave a multiplet at 1.86-1.93 & ppm.

3. Proton no. 4 of methyl group of total 6H gave a characteristic singlet at 2.37 o
ppm.

4. Proton no. 5 of methylene of isobutyl group of total 4H gave a multiplet at
3.82-3.85 ppm.

5. Proton no. 6 of 1H gave a singlet at 5.15 & ppm.

6. Proton no. 7 of secondary amine of dihydropyridine ring of 1H gave a singlet

at 5.79 & ppm.

7. Proton no. 8 and 9 of total 2H and 2H gave a typical double doublet of para
substitution pattern at 7.44-7.47 & ppm (J=8.72) and 8.07-8.09 & ppm
(J=8.72). J value suggest ortho coupling.

Thus, by observing and assigning the signals in the NMR spectrum and by the
calculation of the J values for above proton, we can clearly suggest that the proposed

structure for compound MNP-084 has been confirmed. The spectrum is given on page

no. 164.
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3.9.4 *C NMR Spectra

BC NMR spectra of the synthesized compounds were recorded on Bruker Avance II
400 MHz NMR Spectrometer by making a solution of samples in CDCI; solvent
using tetramethylsilane (TMS) as the internal standard unless otherwise mentioned.
Types of carbons identified from NMR spectrum and their chemical shifts (6 ppm)

were in the agreement with the structure of the molecule.

3.9.4 Elemental Analysis

Elemental analysis of the synthesized compounds was carried out on Vario EL Carlo
Erba 1108 which showed calculated and found percentage values of Carbon,

Hydrogen and Nitrogen in support of the structure of synthesized compounds.

The analytical data for individual compounds synthesized in this chapter is mentioned

as follow.
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3.10 ANALYTICAL DATA

1) Diisobutyl 2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylate
(MNP-081)

Yield: 85%; IR (cm™): 3400-3300 (N-H str.), 3045 (Ar C=C-H str.), 2980 (Asym C-
H str. -CH3), 2930 (Asym C-H str. -CH;), 2890 (C-H str. ipr), 2870 (Sym C-H str. -
CHs;), 2845 (Sym C-H str. -CH,), 1740 (C=0 str. ester), 1650 (N-H bend), 1580,
1545, 1500 (Ar C=C str.), 1460 (C-H bend —CHy), 1375 (C-H bend —CH3), 1340 (C-N
sec amine vib), 1180 (C-O str.), 1050 (C-H i-p def), 750 (C-H oop def); MS: m/z =
385 (100%); Anal. Caled. for C,3H31NO4: C, 71.66; H, 8.11; N, 3.63; O, 16.60;
Found: C, 71.56; H, 7.90; N, 3.75.

2) Diisobutyl 2,6-dimethyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarb-
oxylate (MNP-082)

Yield: 80%; IR (cm™): 3400-3300 (N-H str.), 3045 (Ar C=C-H str.), 2980 (Asym C-
H str. -CHs), 2930 (Asym C-H str. -CH,), 2890 (C-H str. ipr), 2870 (Sym C-H str. -
CHs), 2845 (Sym C-H str. -CH,), 1740 (C=0 str. ester), 1650 (N-H bend), 1580,
1545, 1500 (Ar C=C str.), 1510 (N=O str.), 1460 (C-H bend —CH>), 1375 (C-H bend -
CHs), 1360 (C-NO; str.), 1340 (C-N sec amine vib), 1180 (C-O str.), 1050 (C-H i-p
def), 750 (C-H oop def); 'H NMR (CDCL3) § ppm: 0.76- 0.77 (d, 6H), 0.80-0.81 (d,
6H), 1.87-1.94 (m, 2H), 2.33 (s, 6H), 3.71-3.75 (m, 2H), 3.86-3.90 (m, 2H), 5.75
(s,1H), 5.82 (s, 1H ), 7.22-7.26 (m, 1H), 7.43-7.47 (m, 1H), 7.52-7.54 (dd, 1H,
J=1.44, J=1.72), 7.68-7.71 (dd, 1H, J=1.28, J=6.84); MS: m/z = 430 (100%); Anal.
Calcd. for Cx3H30N>O¢: C, 64.17; H, 7.02; N, 6.51; O, 22.30; Found: C, 64.25; H,
7.10; N, 6.48.

3) Diisobutyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarb-
oxylate (MNP-083)

Yield: 93%; IR (cm™): 3375 (N-H str.), 3068-3027 (Ar C=C-H str.), 2965 (Asym C-
H str. -CH3), 2941 (Asym C-H str. -CHy), 2925 (C-H str. ipr), 2891 (Sym C-H str. -
CHs), 2873 (Sym C-H str. -CH,), 1715 (C=0 str. ester), 1652 (N-H bend), 1580,
1519, 1488 (Ar C=C str.), 1519 (N=0 str.), 1474 (C-H bend —CH,), 1379 (C-H bend -
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CHs), 1347 (C-NO; str.), 1312 (C-N sec amine vib), 1164 (C-O str.), 1025 (C-H i-p
def), 810-750 (C-H oop def); "H NMR (CDCl;) § ppm: 0.86- 0.87 (d, 6H), 0.89-0.91
(d, 6H), 1.87-1.94 (m, 2H), 2.38 (s, 6H), 3.82-3.84 (d, 4H), 5.14 (s,1H), 5.87 (s, 1H),
7.35-7.39 (t, 1H, J=7.92), 7.64-7.67 (m, 1H, J=1.28, J=5.24), 7.99-8.02 (m, 1H),
8.12-8.13 (t, 1H, J=1.98); MS: m/z = 430 (100%); Anal. Calcd. for C,3H30N,O¢: C,
64.17; H, 7.02; N, 6.51; O, 22.30; Found: C, 64.34; H, 6.95; N, 6.68.

4) Diisobutyl 2,6-dimethyl-4-(4-nitrophenyl)-1,4-dihydropyridine-3,5-dicarb-
oxylate (MNP-084)

Yield: 90%; IR (cm™): 3321 (N-H str.), 3099 (Ar C=C-H str.), 2963 (Asym C-H str. -
CHs), 2950 (Asym C-H str -CH,), 2917 (C-H str. ipr), 2872 (Sym C-H str. -CH3),
2867 (Sym C-H str. -CH,), 1752-1698 (C=0 str. ester), 1670 (N-H bend), 1621, 1580,
1487 (Ar C=C str.), 1487 (N=O str.), 1462 (C-H bend —CHy), 1397 (C-H bend -CH3),
1380 (C-NO; str.), 1302 (C-N sec amine vib), 1212 (C-O str.), 1029 (C-H i-p def),
870-800 (C-H oop def); '"H NMR (CDCls) 6 ppm: 0.86- 0.88 (d, 6H), 0.89-0.91 (d,
6H), 1.86-1.93 (m, 2H), 2.37 (s, 6H), 3.82-3.85 (2d, 4H), 5.15 (s,1H), 5.79 (s, 1H ),
7.44-7.47 (d, 2H, J=8.72), 8.07-8.09 (d, 2H, J=8.72); MS: m/z = 430 (100%); Anal.
Calcd. for Cx3H30N,O¢: C, 64.17; H, 7.02; N, 6.51; O, 22.30; Found: C, 64.19; H,
7.19; N, 6.60.

5) Diisobutyl 2,6- dimethyl-4-(3-fluoro phenyl) -1,4-dihydropyridine-3,5-
dicarboxylate (MNP-085)

Yield: 92%; IR (cm™): 3400-3300 (N-H str.), 3045 (Ar C=C-H str.), 2980 (Asymm
C-H str -CH3), 2930 (Asym C-H str. -CH3), 2890 (C-H str. ipr), 2870 (Sym C-H str. -
CHs), 2845 (Sym C-H str. -CH,), 1740 (C=0 str. ester), 1650 (N-H bend), 1580,
1545, 1500 (Ar C=C str.), 1510 (N=0 str.), 1460 (C-H bend -CH), 1375 (C-H bend -
CHs;), 1360 (C-NO; str.), 1340 (C-N sec amine vib), 1180 (C-O str.), 1090 (C-F str.),
1050 (C-H i-p def), 750 (C-H oop def); 'H NMR (CDCl;) § ppm: 0.87- 0.89 (d, 6H),
0.90-0.91 (d, 6H), 1.88-1.94 (m, 2H), 2.35 (s, 6H), 3.83-3.85 (d, 4H), 5.05 (s,1H),
5.76 (s, 1H ), 6.79-6.84 (m, 2H, J=5.32), 6.95-6.99 (J=6.28), 7.06-7.07 (dd, 1H,
J=1.12, J=548), 7.12-7.18 (m, 1H); MS: m/z = 403 (100%); Anal. Calcd. for
Ca3H30FNOy: C, 68.46; H, 7.49; F, 4.71; N, 3.47; O, 15.86; Found: C, 69.89; H, 4.40;
Cl, 8.59; N, 16.98.
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6) Diisobutyl 2,6-dimethyl -4-(3-ethoxy-4-hydroxy-phenyl) -1,4-dihydropyri-
dine-3,5-dicarboxylate (MNP-086)

Yield: 70%; IR (cm™): 3679-3652 (OH str.), 3314 (N-H str.), 3015 (Ar C=C-H str.),
2959 (Asym C-H str. -CHj3), 2929 (Asym C-H str. -CH;), 2904 (C-H str. ipr), 2872
(Sym C-H str. -CH3), 2837 (Sym C-H str. -CH,), 1740-1719 (C=O0 str. ester), 1676
(N-H bend), 1596, 1564, 1511 (Ar C=C str.), 1467 (C-H bend -CH;), 1377 (OH
bend), 1346 (C-H bend -CHj3), 1313 (C-N sec amine vib), 1214 (C-O str.), 1045 (C-H
i-p def), 850-750 (C-H oop def); 'H NMR (CDCL) § ppm: 0.87- 0.94 (2d, 12H),
1.38-1.41 (t, 3H), 1.87-1.94 (m, 2H), 2.33 (s, 6H), 3.83-3.86 (2d, 4H), 4.01-4.06 (q,
2H), 4.97 (s, 1H), 5.82 (s, 1H ), 6.70-6.76 (m, 2H), 6.84-6.85 (d, 1H, J=1.48); MS:
m/z = 445 (100%); Anal. Calcd. for C,5H35NOg: C, 67.39; H, 7.92; N, 3.14; O, 21.55;
Found: C, 67.66; H, 7.63; N, 3.71.

7) Diisobutyl 2,6-dimethyl-4-(3-methoxy-4-hydroxyphenyl)-1,4-dihydropyri-
dine-3,5-dicarboxylate (MNP-087)

Yield: 68%; IR (cm™): 3550 (OH str.), 3400-3300 (N-H str.), 3045 (Ar C=C-H str.),
2980 (Asym C-H str. -CHs), 2930 (Asym C-H str. -CH>), 2890 (C-H str. ipr), 2870
(Sym C-H str. -CHj3), 2845 (Sym C-H str. -CH,), 1740 (C=0 str. ester), 1650 (N-H
bend), 1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend -CH,), 1390 (OH bend), 1375
(C-H bend -CH3), 1340 (C-N sec amine vib), 1180 (C-O str.), 1050 (C-H i-p def), 750
(C-H oop def); MS: m/z = 431 (100%); Anal. Calcd. for C,4H33NOg: C, 66.80; H,
7.71; N, 3.25; O, 22.25; Found: C, 66.85; H, 7.53; N, 3.81.

8) Diisobutyl 2,6- dimethyl-4-(2-methoxy phenyl) -1,4-dihydropyridine-3,5-
dicarboxylate (MNP-089)

Yield: 65%; IR (cm™): 3400-3300 (N-H str.), 3045 (Ar C=C-H str.), 2980 (Asym C-
H str. -CH3), 2930 (Asym C-H str. -CH;), 2890 (C-H str. ipr), 2870 (Sym C-H str. -
CHs;), 2845 (Sym C-H str. -CH,), 1740 (C=0 str. ester), 1650 (N-H bend), 1580,
1545, 1500 (Ar C=C str.), 1460 (C-H bend -CH,), 1375 (C-H bend -CH3), 1340 (C-N
sec amine vib), 1180 (C-O str.), 1050 (C-H i-p def), 750 (C-H oop def); 'H NMR
(CDCls) 6 ppm: 0.86- 0.91 (2d, 12H), 1.86-1.91 (m, 2H), 2.28 (s, 6H), 3.71-3.78 (m,
5H), 3.80-3.85 (m, 2H), 5.33 (s, 1H), 5.75 (s, 1H ), 6.77-6.81 (t, 2H, J=7.28, J=7.76),
7.08-7.09 (m, 1H), 7.18-7.20 (dd, 1H, J=1.6, J=5.96); *C NMR (CDCl;) § ppm:
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19.24, 19.31, 19.43, 27.75, 35.27, 55.18, 70.05, 77.04, 102.97, 110.68, 120.03,
127.31, 130.15, 134.85, 143.83, 157.16, 168.22; MS: m/z = 415 (100%); Anal. Calcd.
for C4H33NOs: C, 69.37; H, 8.00; N, 3.37; O, 19.25; Found: C, 69.46; H, 8.36; N,
3.12.

9) Diisobutyl 2,6 -dimethyl-4-(3-phenoxy phenyl) -1,4-dihydropyridine-3,5-
dicarboxylate (MNP-090)

Yield: 62%; IR (cm™): 3400-3300 (N-H str.), 3045 (Ar C=C-H str.), 2980 (Asym C-
H str. -CHs), 2930 (Asym C-H str. -CH,), 2890 (C-H str. ipr), 2870 (Sym C-H str. -
CHs), 2845 (Sym C-H str. -CH,), 1740 (C=0 str. ester), 1650 (N-H bend), 1580,
1545, 1500 (Ar C=C str.), 1460 (C-H bend -CH,), 1375 (C-H bend -CH3), 1340 (C-N
sec amine vib), 1180 (C-O str.), 1050 (C-H i-p def), 750 (C-H oop def); MS: m/z =
477 (100%); Anal. Calcd. for C,oH3sNOs: C, 72.93; H, 7.39; N, 2.93; O, 16.75;
Found: C, 72.90; H, 7.36; N, 2.87.

10) Diisobutyl 2,6 -dimethyl-4-(2-chloro phenyl) -1,4-dihydropyridine-3,5-
dicarboxylate (MNP-091)

Yield: 70%; IR (cm™): 3400-3300 (N-H str.), 3045 (Ar C=C-H str.), 2980 (Asym C-
H str. -CHj3), 2930 (Asym C-H str. -CH3), 2890 (C-H str.. ipr), 2870 (Sym C-H str. -
CHs), 2845 (Sym C-H str. -CH,), 1740 (C=0 str. ester), 1650 (N-H bend), 1580,
1545, 1500 (Ar C=C str.), 1460 (C-H bend -CH>), 1375 (C-H bend -CH3), 1340 (C-N
sec amine vib), 1180 (C-O str.), 1050 (C-H i-p def), 790 (C-CI str.), 750 (C-H oop
def); MS: m/z = 419 (100%); Anal. Calcd. for C3H30NClO4: C, 65.78; H, 7.20; Cl,
8.44; N, 3.34; O, 15.24; Found: C, 65.65; H, 7.16; N, 3.29.

11) Diisobutyl 2,6 -dimethyl-4-(3-chloro phenyl) -1,4-dihydropyridine-3,5-
dicarboxylate (MNP-092)

Yield: 55%; IR (cm™): 3400-3300 (N-H str.), 3045 (Ar C=C-H str.), 2980 (Asym C-
H str. -CHs), 2930 (Asym C-H str. -CH,), 2890 (C-H str. ipr), 2870 (Sym C-H str. -
CHs), 2845 (Sym C-H str. -CH,), 1740 (C=0 str. ester), 1650 (N-H bend), 1580,
1545, 1500 (Ar C=C str.), 1460 (C-H bend -CH,), 1375 (C-H bend -CH3), 1340 (C-N
sec amine vib), 1180 (C-O str.), 1050 (C-H i-p def), 790 (C-Cl str.), 750 (C-H oop
def); MS: m/z = 419 (100%); Anal. Calcd. for C,3H30NClO4: C, 65.78; H, 7.20; Cl,
8.44; N, 3.34; O, 15.24; Found: C, 65.43; H, 7.34; N, 3.28.
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12) Diisobutyl 2,6 -dimethyl-4-(4-chloro phenyl) -1,4-dihydropyridine-3,5-
dicarboxylate (MNP-093)

Yield: 50%; IR (cm™): 3400-3300 (N-H str.), 3045 (Ar C=C-H str.), 2980 (Asym C-
H str. -CH3), 2930 (Asym C-H str. -CH;), 2890 (C-H str. ipr), 2870 (Sym C-H str. -
CHs;), 2845 (Sym C-H str. -CH,), 1740 (C=0 str. ester), 1650 (N-H bend), 1580,
1545, 1500 (Ar C=C str.), 1460 (C-H bend -CH>), 1375 (C-H bend -CH3), 1340 (C-N
sec amine vib), 1180 (C-O str.), 1050 (C-H i-p def), 790 (C-Cl str.), 750 (C-H oop
def); MS: m/z = 419 (100%); Anal. Calcd. for C,3H30NClO4: C, 65.78; H, 7.20; Cl,
8.44; N, 3.34; O, 15.24; Found: C,65.47; H, 7.10; N, 3.43.

13) Diisobutyl 4- (3,4-dimethoxy phenyl) -2,6-dimethyl-1,4-dihydropyridine-
3,5-dicarboxylate (MNP-097)

Yield: 75%; IR (cm™): 3400-3300 (N-H str.), 3045 (Ar C=C-H str.), 2980 (Asym C-
H str. -CHs), 2930 (Asym C-H str. -CH,), 2890 (C-H str. ipr), 2870 (Sym C-H str. -
CHs), 2845 (Sym C-H str. -CH,), 1740 (C=0 str. ester), 1650 (N-H bend), 1580,
1545, 1500 (Ar C=C str.), 1460 (C-H bend -CH,), 1375 (C-H bend -CH3), 1340 (C-N
sec amine vib), 1180 (C-O str.), 1050 (C-H i-p def), 750 (C-H oop def); MS: m/z =
445 (100%); Anal. Calcd. for C,sH3sNOg: C, 67.39; H, 7.92; N, 3.14; O, 21.55;
Found: C, 67.30; H, 7.87; N, 3.20.

14) Diisobutyl 4- (2,5-dimethoxy phenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarboxylate (MNP-098)

Yield: 73%; IR (cm™): 3400-3300 (N-H str.), 3045 (Ar C=C-H str.), 2980 (Asym C-
H str. -CH3), 2930 (Asym C-H str. -CH;), 2890 (C-H str. ipr), 2870 (Sym C-H str. -
CHs;), 2845 (Sym C-H str. -CH,), 1740 (C=0 str. ester), 1650 (N-H bend), 1580,
1545, 1500 (Ar C=C str.), 1460 (C-H bend -CH>), 1375 (C-H bend -CH3), 1340 (C-N
sec amine vib), 1180 (C-O str.), 1050 (C-H i-p def), 750 (C-H oop def); MS: m/z =
445 (100%); Anal. Calcd. for CsH3sNOs: C, 67.39; H, 7.92; N, 3.14; O, 21.55;
Found: C, 67.42; H, 7.98; N, 3.02.

15) Diisobutyl 4- (3,4,5-triimethoxy phenyl)-2,6-dimethyl-1,4-dihydropyridine-
3,5-dicarboxylate (MNP-099)

Yield: 80%; IR (cm™): 3400-3300 (N-H str.), 3045 (Ar C=C-H str.), 2980 (Asym C-
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H str. -CHs), 2930 (Asym C-H str. -CH,), 2890 (C-H str. ipr), 2870 (Sym C-H str. -
CHs), 2845 (Sym C-H str. -CH,), 1740 (C=0 str. ester), 1650 (N-H bend), 1580,
1545, 1500 (Ar C=C str.), 1460 (C-H bend -CH,), 1375 (C-H bend -CH3), 1340 (C-N
sec amine vib), 1180 (C-O str.), 1050 (C-H i-p def), 750 (C-H oop def); MS: m/z =
475 (100%); Anal. Calcd. for C,sH37NO7: C, 65.66; H, 7.84; N, 2.95; O, 23.55;
Found: C, 65.50; H, 7.81; N, 2.94.
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3.11 RESULTS AND DISCUSSION

This chapter deals with the preparation of symmetric 1,4-dihydropyridines by one pot
high purity Multi Component Reaction (MCR) using normal conventional approach.
Isobutyl acetoacetate, substituted aldehydes and ammonium acetate in the presence of
catalytic amount of glacial acetic acid forwarded by refluxing the reaction mixture in

isopropyl alcohol upto 10-14 hrs to obtained the final products.

3.12 CONCLUSION

Herein we demonstrated some new symmetric 1,4-dihydropyridines structurally
correlated with Nisoldipine, a potent calcium channel antagonist, for the biologically
as well as pharmacological interest. All the synthesized compound are highly pure

and well characterized by IR, Mass, '"H NMR and *C NMR.
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3.13 REPRESENTATIVE SPECTRA
3.13.1 IR Spectrum of MNP-083
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3.13.2 Mass Spectrum of MNP-083
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3.13.3 'H NMR Spectrum of MNP-083
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3.13.4 Expanded 'H NMR Spectrum of MNP-083
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3.13.5 Expanded *H NMR Spectrum of MNP-083
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3.13.6 IR Spectrum of MNP-084

607

1580.9

%Transmittance
o
e
1462.4
1302.1

1621.8

1487.6

1111.6

1649.0 TERF
1212.6

2500 2000 1500 1000

Wavenumbers (cm-1)

3000

—_——
4000 3500

Department of Chemistry, Saurashtra University, Rajkot-360005. (INDIA)

Page 163




Chapter-3 One Pot High Purity Synthesis of Some New Dihydropyridines Structurally Related to MDR Reverting and Antihypertensive Agents

3.13.7 Mass Spectrum of MNP-084
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3.13.9 Expanded ‘*H NMR Spectrum of MNP-084
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3.13.11 Mass Spectrum of MNP-086
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3.13.12 'H NMR Spectrum of MNP-086
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3.13.13 Expanded ‘H NMR Spectrum of MNP-086
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Chapter-4 A Rapid and Facile Synthesis of Some Novel Mannich Bases of Dihydropyridines

41 INTRODUCTION

1,4-Dihydropyridine derivatives (1,4-DHPs) are versatile intermediates in organic
synthesis. Moreover, compounds based on this heterocycles play key roles in
therapeutic and bioorganic chemistry as calcium channel modulators. Many natural
products as well as first, second, and third generation calcium channel blockers such
as nifedipine, nitrendipine, felodipine, amlodipine and nisoldipine are 1,4-DHPs.
[1(a)] Looking to the new findings, it is said that 1,4-DHPs belong to the class of
“privileged structures” due its diversified pharmacological profile since it interact at

diverse receptors and ion channels. [1(b,c)]

42 LITERATURE REVIEW

A)  Symmetric or Asymmetric 1,4-dihydropyridines containing cyano group at

3,5 or only at 3 or 5 position

Josef et al. [2] prepared 3,5-dicyano-2,6-methyl-1,4-dihydopyridine by the
condensation of acetone/cyclopentanone/cyclohexanone with benzoyl acetonitile. In
this reaction 2,4,6-triphenyl-2-cyanomethyl-2H-pyran was also obtained in lower
yields. Acetophenone when reacted [3]| with 3-amino crotononitrile gave symmetric

3,5-dicyano-2,4,6-trimethyl-4-phenyl-1,4-dihydropyridine.

Scheme 4.1

COCHj3 CN
CH3 | |

HsC" N CH
3 b 3

+
HoN
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While symmetric 3,5-dicyano-1,4-dihydropyridine was prepared by the condensation
of aldehyde with 3-amino crotononitrile in suitable acidic medium like acetic acid [4-

6] or hydrochloric acid. [7]

Scheme 4.2

CHO CN
ey
HoN CH; | |

H;C® 'N° "CH
& B 3

A number of dihydropyridine derivatives have been prepared by reduction of the

corresponding pyridines or pyridinium salts with complex metal hydrides. [8.9]

Scheme 4.3

~CN NaBH, CN

] == [ |

N N

H

NC CN
|\ NaBH, NC CN NC ~CN

J — | .|
N N N
H H

3,5-Dicyano-4-methyl pyridine and 3,5-dicyano-2,6-dimethyl pyridines afforded to
give the dihydropyridine. [10]

Figure 4.1

CHs

NC._A_CN NC CN
| .l
N

H;C® 'N° "CH
H 3 b 3

The conversion of pyridine to dihydropyridine was carried out by employing Grignard

reagent such as methyl magnesium iodide. [11,12]
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Scheme 4.4
CHj
NC._~CN CHaMgl NC._~_CN NC H ceN
J T LX)
N N N
H H

Another class of 1,4-DHPs having a cyano group at C; and Cs position was prepared
by Godfraind and co-workers in 1952. They have prepared 3,5-dicyano-2,6-diphenyl-
4-(2-nitrophenyl)-1,4-dihydropyridine as well as 3,5-dicyano-2,6-dimethyl-4-(2-
nitrophenyl) 1,4-dihydropyridine and other similar compounds. [13]

Figure 4.2

R=aryl/sub aryl R=aryl/sub aryl

Lakshmi kantam et al. [14] has reported the one pot, three component synthesis of 2-
amino-4-aryl-3,5-dicyano-6-sulfanylpyridines = and the  corresponding  1,4-
dihydropyridines are from readily accessible starting materials. Heating of an
ethanolic solution of structurally diverse aldehydes with various thiols and
malononitrile in the presence of nanocrystalline magnesium oxide provides the highly
substituted pyridine derivatives in moderate to high yields, each representing a
privileged medicinal scaffold with their structural motif. After completion of the

reaction, the catalyst can be recovered efficiently and reused with consistent activity.

Scheme 4.5
Ar
Ar H
\[( . 2<CN . R-sH __NAP-MgO NC._A_CN
o) CN EtOH, reflux |
H,N” N7 SR

The unsymmetric [15-20] 3-cyano-5-carboxy ester 1,4-diydrpyridine was prepared by

condensation of aldehyde, 3-aminocrotononitrile with alkyl 3-aminocrotonate.
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Scheme 4.6

L, X

H3C NH2 HzN CH3

Earlier Shah et al. [21] prepared many cyano-1,4-dihydropyridines. From that
compounds,  3,5-dicyano-2,6-diethoxy-4-(2-hydroxy  phenyl)-N-(2-pyridyl)-1,4-
dihydropyridine showed good anti-inflammatory activity and also showed moderated
increase in blood pressure at 1 Mg/kg and 5 Mg/kg. Another compounds showed

moderate hypotensive activity.

Figure 4.3

OCH,

HO

NC H CN NC 3 CN

| |
HsCH,COC™ "N COCH,CH;  HyCH,COC” “N” “COCH,CH;

R R
Where R=-Ph

Shah et al. [22-25] also reported a series of symmetric as well as asymmetric
synthesis of 1,4-dihydropyridines containing cyano group at Cs/Cs position. Some of
the synthesized compounds were well characterized by single crystal X-ray

crystallographic study.

Figure 4.4
SCH3
Cl
NC CN NC CN MeOOC CN
| | |
N N
H H N
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Shah and co-workers have prepared some pyrazole containing 3,5-dicyano as well as
asymmetric 1,4-dihydropyridines containing cyano group at Cs/Cs position. X-ray
crystallographic study of 4-(3-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-1,4-
dihydro-2,6-dimethylpyridine-3,5-dicarbonitrile has been carried out. [26]

Scheme 4.7
NN R
\
aY,
CHO _
R .
NC]\ N o OR;
H,C” “NH
: 2 O Where R= -CI, -CH etc..
R1= CH3/C2H5
Figure 4.5
N-N
A ) Cl
NC CN
|
HsC~ "H™ “CH
3 N 3

The preparation of Hantzch type 3,5-dicyano-1,4-dihydropyridine is sometimes

reported via formation of tetrahydropyridine, which are isolated at room temperature

in the presence of ammonium acetate. [27]

Figure 4.6
CHj R

NC Hen N H
| | N R

HeC™ N™ CHy HiC™ N “CH,
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A novel synthesis of polyfunctionally-substituted pyridine was reported by Fahmy
and co-workers. [28] During this reaction, sometimes the formation of tautomer was

also reported.

Scheme 4.8

NC CN N NC Hen
= - —
CN |
HoN COOCH,CHj4 X COOC,H5

HC™ N
CN
NC Hen
||
e N COOC,Hs
CN

A new positive inotropic agent with high cardio selectivity, found in Bay-y-5959 with
calcium channel-modulating activity and devoid of vasoconstricting effects.
Compound increased dP/dt max by up to 300% at 30-1000mcg/kg i.v. in dogs, and it
increased coronary blood flow at all doses was reported and currently undergoing

phase II trials for the treatment of congestive heart failure. [29]

Figure 4.7

Bay-y-5959

Antineoplastic agent, (FCE-29013) an aromatase inhibitor (ICso = 1.5 nM against
human placental enzyme) found to be potentially useful for the treatment of estrogen-

dependent tumors and prostatic hyperplasia. [30]
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Figure 4.8
N=\
N
O
/\O CN
|
HoN N~ "CH
2 H 3

Nikolai M. Evdokimov et al. [31] reported one step three component synthesis of

pyridine and 1,4-dihydropyridines.

Scheme 4.9

R

o i

o N BeseEnang NCHCN
NC> R, cN  Reflux, 2h HN H SR,
|
SH

R, R4=Alkyl, Aryl, Heteroaryl

B) N-Substituted 1,4-dihydropyridines

Bossert et al. [32-35] prepared many N-substituted 1,4-dihydropyridine derivative by
Hantzsch reaction of an amine, acetoacetic ester and an aldehyde, where the
condensation also proceeded in ethyl alcohol instead of pyridine.

Figure 4.9

R1

RZOOCfiH[COORZ
|

HsC” N” CH;
R

Pitzenberger et al. [36] investigated similar analogs in which benzyl amine reacted
with acetoacetic ester and via formation as titan amine complex, leading to usual

Hantzsch synthesis.
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Figure 4.10

Duburs et al. [37] gave synthesis of N-benzyl-2,6-dimethyl-4-(3-nitro phenyl)- 3,5-
dicarbethyoxy-1,4-dihydropyridine by the condensation of m-nitro benzaldehyde with

ethyl acetoacetate and benzyl amine using pyridine as a solvent.

Figure 4.11
NO,
H
H,CH,COO0C COOCH,CHj3

HsC” “N” “CH,

Minoru et al. [38] prepared N-phenoxy-1,4-dihydropyridine by the reaction of m-nitro
benzaldehyde and methyl acetoacetate in the presence of zinc chloride in ethyl acetate
at room temperature for 65 minutes, then at 60-65 °C for 6 hours to give heptadione,

which was cyclized with hydroxylamine in methanol at room temperature.
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Scheme 4.10
CHO
(@] (@] . .
Zinc chloride
* —_—
©\N02 MOCH3 H;COOC COOCH3
H;COC COCH3;
NHZOHi
NO,
H;COOC COOCH;3;
|
HsC 'Tl CHj
OH

V. Sridharan et al. [39] described a new three-component domino synthesis of N-

substituted 1,4-dihydropyridines.

Scheme 4.11
R O
Z
~ 5 mol% CAN
J + 0 -
NH, Ethanol, rt, 1h
Rs
R2 R4
Rz R4 R3
i R,, R3, R4, Rs = H/CH
R4=H/NO,, Z=OEt, O-but-t, S-but-t 2R3, Ry, Rs = 3

Lakshmi Kantam [40] synthesized 1,4-dihydropyridine derivatives using nano

crystalline copper(Il) oxide catalyst.
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Scheme 4.12
O
= Z
O/ + 0 nano CuO
NH, Ethanol, rt
R4
R4
Ry R3
Ry Rs3 R,
R
-0 O-b S-b Rl! R2=-H/-CH3,
£=-OFt, -O-but-t, -S-but-t Rs=-H, -F, -Cl, -Br, R,= -H

Koji Ohsumi et al. [20] also reported N-alkylated 1,4-dihydropyridines and their

ability to overcome Multidrug Resistance (MDR) was examined.

Scheme 4.13
o/
s g
CHO EtOH R400C 1)NaH/DMF R;00C - CN
CH3COCHZCOOR3 2) Ph(CH)3Br N
" CN ((|3H2)3
i R3= Me
H,N~ “CHs Rs= Et

Shah et al. [41-46] reported various N-substituted 1,4-dihydropyridines to investigate

its manifold medicinal utility. Some of them are well characterized by single crystal

X-ray crystallographic study also.
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Scheme 4.14

O
R20 OR Methanol
+ 2 —
Reflux

R=-H, -OMe, etc. R4=-H, -NO,, etc., R,=Me/Et

Figure 4.12

OMe

C) 1,4-dihydropyridines and Mannich reaction

The Mannich reaction is an organic reaction which consists of an amino alkylation
of an acidic proton placed next to a carbonyl functional group with formaldehyde and
ammonia or any primary or secondary amine. The final product is a f-amino-carbonyl
compound also known as a ‘Mannich Base’. Mannich bases are of particular in
interest due to their application as synthetic building blocks and precursors of
biologically active compounds. The reaction is named after chemist Carl Mannich.

[47]

The Mannich reaction is an example of nucleophilic addition of an amine to a
carbonyl group followed by dehydration to the schiff base. The schiff base is an

electrophile which reacts in the second step in an electrophilic addition with a
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compound containing an acidic proton (which is, or had become an enol). [48] The
Mannich reaction is also considered a condensation reaction. The Mannich Reaction
is an important carbon-carbon-bond forming reaction that is commonly employed in
the synthesis of alkaloid natural products and is involved in a number of biosynthetic
pathways. Numerous examples of both direct and indirect Mannich reactions have

been reported in the literature, some of recent are sited in reference. [49-75]

Few references are found related to Mannich reaction of 1,4-dihydropyridines. Some

of them are enlisted below.

Jiro Aritomi et al. [76-77] reported Mannich reaction of dialkyl 4-aryl-2,6-dimethyl
1,4-dihydropyridine-3,5-dicarboxylates with secondary amines and found that the

reaction proceeds on the 2- and 6- methyl carbon.

Figure 4.13
R R
RzOOCj\/K/ECOORz R,00C COOR,
| |
HC™ N CHs HsC”™ "N” “CH,CH,NR;R;
Rl Rl
(I
0 R
R,00C COOR,
|
R3RoNH2CH,C™ “N™ “CH,CH,NR,R3
Ry
(1
Figure 4.14
R,00C
COOR;
H,C
CH,
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V. V. Dotsenko et al. [78,79] reported the reactions of N-methylmorpholinium 6-
amino-3,5-dicyano-1,4-dihydropyridine-2-thiolates with formaldehyde and primary
aromatic amines produce 3,5,7,11-tetraaza-tricyclo[7.3.1.02,7]tridec-2-ene-1,9-

dicarbonitrile derivatives.

K. A. Frolov et al. [80] gave synthesis of derivatives of 3,5,7,11-tetraazatricyclo-
[7.3.1.02,7]tridec-2-ene-8-selenone yield by Mannich reaction of N-methyl-
morpholinium 6-amino-3,5-di-cyano-4-(2-methoxy phenyl)-1,4-dihydropyridine-2-

selenolate with primary amines and excess HCHO.

Figure 4.15
R~ ole
o
ne
H
ge = / € =u
0] >
\'\_,_._)ra
\
R I

M Vijey Aanandhi et al. [81] demonstrated synthesis, characterization and in-vitro

antioxidant activity of Mannich bases of 1, 4-dihydro pyridines derivatives.

Scheme 4.15

R1
EtOOC COOEt
R4

EtOOC cooet 1) HCHO/EtOH HeC N
| | > k
HsC N CH, 2) PABA
H N@COOH ©

COOH

B. B. Subudhi et al. [82] reported synthesis and anti-ulcer activity study of 1,4-

dihydropyridines and their Mannich bases with sulfanilamides.
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Scheme 4.16

COOE HCHO/ EtOH

CH3 H2N‘©’802NH2

Where R=-OH, -OCHj3, etc

SO,NH,

Mane D. V. et al. [83] synthesized 1,3-Bis- [N-substituted dihydropyridine methylc]-
benzimidazoline-2-thiones I (R= Ph, substituted phenyl; R; = Me, OMe, OEt) from
benz-imidazoline-2-thione, various dihydropyridines and paraformaldehyde by

Mannich reaction and screened for their antimicrobial activities.

Figure 4.16
COR, ROC o
R 7
N N / ~COR;

R;0C™ N~N._N_ N—

Sielemann Dirk et al. [84] gave synthesis of novel functionalized bi- and
oligopyridines. An annelation reaction is presented in which 1,3-cyclohexanedione
and Mannich bases derived thereof are used for the preparation of functionalized
bipyridines I (R =H, n=1; R=H, n=0; R = CMe3, n = 1) and dihydropyridine
derivatives II (n = 0, 1). All these products possess a keto group which will allow
further transformations. The same concept was applied for the synthesis of the S-
shaped terpyridine III. The reaction of a Mannich base derived from 1,2,3,4,5,6,7,8-
octahydro-4,5-acridinedione with 1,3-cyclohexanedione yielded a heptacyclic
terpyridine, which is a key intermediate for the synthesis of torands and other
tridentate clefts. Ketone I (R = H, n = 1) was used for the synthesis of a

quaterpyridine.
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Figure 4.17

(1) O

Apart from these, Michael et al. [85] prepared antihypertensive and coronary

vasodilator Mannich type N-substituted -1,4-dihydropyridine.

Figure 4.18

H3CH,COOC

HsC

H
COOCH,CHj

Hung et al. [86] were successful in synthesizing antihypertensive model of Flordipine,

contrary to the belief proposed by Triggle that N-substituted 1,4-dihydropyridine will

not give good antihypertensive activity, probably the concept of prodrug would not

have been predicted at that time and -NH was believed to be essential for calcium

channel antagonism.
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Earlier, Arthur P. Philips [87,88] reported Mannich bases derived from a Hantzsch
pyridine synthesis products. Use of Mannich reaction on a phenolic Hantzsch

synthesis product afforded an alternative type of compound containing a basic chain.

[89]

Figure 4.19
H CF;
H,CH,COOC COOCH,CHj
|
HsC NH CHj
O
@)

Scheme 4.17

A Rapid and Facile Synthesis of Some Novel Mannich Bases of Dihydropyridines

OH
o
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EtOOC
|
HiC™ N

HCHO

COOEt
NHR;R,

CH;

OH
CHO (
Hantzch Reaction
4 O - EtOOC COOEt
(@] (@] | |
HsC N CH
0 0) 3 H 3
NH;

OH
/Rz
N,
Ry
EtOOC COOEt
HsC™ N7 CH

Where NR;R,= Piperidine, Morpholine, etc.
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43 PHARMCOLOGICAL SIGNIFICANCE

The pharmacological activity of these new Mannich bases will be of immense
interest, as these molecules are “Priviledge Structure” class targeting many receptor

sites.
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44 AIM OF CURRENT WORK

Hantzsch 1,4-dihydropyridines (1,4-DHPs) are well known as Ca2+ channel blockers,
and have emerged as one of the most important classes of drugs for the treatment of
cardiovascular diseases, including hypertension. The DHP heterocyclic ring is a
common feature of various bioactive compounds such as vasodilator, bronchodilator,
antiatherosclerotic, antitumor, hepatoprotective and antidiabetic agents. Recent
studies have revealed that 1,4-DHPs exhibit several other medicinal applications
which include neuroprotectant and platelet anti-aggregratory activity, in addition to
acting as a cerebral antiischemic agent in the treatment of Alzheimer’s disease and as
a chemosensitizer in tumor therapy. These examples clearly demonstrate the
remarkable potential of novel DHP derivatives as a source of valuable drug
candidates. A recent computational analysis of the comprehensive medicinal
chemistry database found the DHP framework to be among the most prolific
chemotypes found. Thus, the synthesis of the New Chemical Entities containing this

heterocyclic nucleus is of continuing interest.
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45 REACTION SCHEME

4.5.1 Preparation of 4-(2-Hydroxy-3-(substitued-1-methyl) phenyl)-2,6-dimethyl-
1,4-dihydropyridine-3,5-dicarbonitrile

R1\N,R2
HCHO
Secondary Amines HO
RK— Ns N
/ Ethanol |
3-Amino Crotono Reflux
nitrile: NO \ 1-4 h N
HO —_— Z
CHO gl. CH3;COOH | Rie. Ry
10-150C N N
\ HCHO
Secondary Amines HO
Ethanol N N
Reflux
14 h |
N
H

Where NR;R,= Secondary amines like piperidine, morpholine etc.

4.5.2 Preparation of 4-(3-Hydroxy-4-(substitued-1-methyl) phenyl)-2,6-dimethyl-
1,4-dihydropyridine-3,5-dicarbonitrile

HO 3-Amino Crotono

nitrile
—_—
gl. CH;COOH
259C

CHO

HO
HCHO
Secondary Amines
NS N -
| | Ethanol
Reflux
H 1-4 hrs

Where NRR,= Secondary amines like piperidine, morpholine etc.
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4.6 PLAUSIBLE REACTION MECHANISM

Step-1 Rq

H
\N/ wo o R1
H H \ o/
/ H* @:< Ry T\R
o] g = HO 2
A T

H H

I
Py
i

1
“H.O H,0 Ry H'
%@/ — 7 Ve,

H R, ¥
Step-2
OH ® OH
C H A Ry (OH H H "\ / o
+
AT e N
\ Ry N Re \
H R, \ i
R4 R4 H R2 4 2

Where, NR R, = Secondary amines like morpholine, piperidine
R; & R4 = Phenyl ring
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4.7 EXPERIMENTAL

4.7.1 Analysis Protocol

Melting points were determined in open capillary tubes and are uncorrected.
Formation of the compounds was routinely checked by TLC on silica gel-G plates of
0.5 mm thickness and spots were located by iodine and UV. IR spectra were recorded
in Shimadzu FT-IR-8400 instrument using KBr Powder method. Mass spectra were
recorded on Shimadzu GC-MS-QP-2010 model using Direct Injection Probe
technique. '"H NMR was determined in DMSO-d¢/CDCIl; solution on a Bruker
Avance Il 400 MHz NMR Spectrometer. Elemental analysis of the all the
synthesized compounds was carried out on Elemental Vario EL 111 Carlo Erba 1108

model. All the results are in agreements with the structures assigned.

4.7.2 Preparation of 4-(2-Hydroxy phenyl)-2,6-di-methyl-1,4-dihydropyridine-

3,5-dicarbonitrile

A mixture of 2-hydroxy benzaldehyde (0.01 mole) and 3-amino crotononitrile (0.02
mole) was taken in glacial acetic acid in a stoppered flask and stirred for 1 hour at 10-
15 °C. During the reaction, progress and the completion of reaction were checked by
silica gel-G Fas4 thin layer chromatography using ethyl acetate: hexane (3:2) as a
mobile phase. After the completion of the reaction, the crystalline product was

separated out which was filtered and washed with diethyl ether.

4.7.3 Preparation of 4-(2-Hydroxy-3-(substitued-1-methyl)  phenyl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (General Procedure)

A mixture of 4-(2-hydroxy phenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarbonitrile (0.01 mole), secondary amine (0.0135 mole) and formaldehyde (0.02
mole) were taken in absolute alcohol in 250 mL round bottom flask. The reaction
mixture was refluxed for 1-4 hours at reflux temperature till reaction completed. The

progress and the completion of the reaction were checked by silica gel-G Fas4 thin
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layer chromatography using ethyl acetate: hexane (3:2) as a mobile phase. After
completion of the reaction, the reaction mixture was allowed to cool at room
temperature to obtain the product. When crystalline product was separated out, it was

filtered and washed with cold ethanol. Similarly other compounds were also prepared.

The physical data of newly synthesized compounds are given in Table No.4.8.1

4.7.4 Preparation of 4-(3-Hydroxy phenyl)-2,6-dimethyl-1,4-dihydropyridine-
3,5-dicarbonitrile

A mixture of 3-hydroxy benzaldehyde (0.01 mole) and 3-amino crotononitrile (0.02
mole) was taken in glacial acetic acid in a stoppered flask and stirred for 1 hour at
room temperature. During the reaction, progress and the completion of reaction were
checked by silica gel-G Fs4 thin layer chromatography using ethyl acetate: hexane (3:
2) as a mobile phase. After the completion of the reaction, the crystalline product was

separated out which was filtered and washed with diethyl ether.

4.75 Preparation of 4-(3-Hydroxy-4-(substitued-1-methyl)  phenyl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (General Procedure)

A mixture of 4-(3-hydroxy phenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarbonitrile (0.01 mole), secondary amine (0.0135 mole) and formaldehyde (0.02
mole) were taken in absolute alcohol in 250 mL round bottom flask. The reaction
mixture was refluxed for 1-4 hours at reflux temperature till reaction completed. The
progress and the completion of the reaction were checked by silica gel-G Fjs4 thin
layer chromatography using ethyl acetate: hexane (3:2) as a mobile phase. After
completion of the reaction, the reaction mixture was allowed to cool at room
temperature to obtain the product. When crystalline product was separated out, it was

filtered and washed with cold ethanol. Similarly other compounds were also prepared.

The physical data of newly synthesized compounds are given in Table No.4.8.2

Department of Chemistry, Saurashtra University, Rajkot-360005. (INDIA) Page 197



Chapter-4

A Rapid and Facile Synthesis of Some Novel Mannich Bases of Dihydropyridines

4.8

PHYSICAL DATA

4.8.1 Physical Data Table of 4-(2-Hydroxy-3-(substitued-1-methyl) phenyl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarbonitriles

Ri Z R,
N \{O A
|
HsC N CH,
Sr. Substitution Molecular Yield
No. Sample Code IR Formula M. Wt MP °C %
1 MNP-MB-101 Piperazine CyoHa3N50 349 256-258 62
2 | MNP-MB-102 N-Me-piperazine C>1Hy5N50 363 242-244 73
3 | MNP-MB-103 N-Et-Piperazine C2H27N50 377 236-238 75
4 | MNP-MB-104 | N-phenyl piperazine | CysH27N50 425 218-220 75
5 | MNP-MB-105 I\T'bens,zyl CoHNsO | 439 | 150-152 | 78
piperazine
6 | MNP-MB-106 Morpholine Ca0H22N40, 350 224-226 78
7 | MNP-MB-107 Piperidine C,1H24N4O 348 233-235 65
8 | MNP-MB-108 | 2-methl piperidine CaoHa6N4O 362 213-215 63
9 | MNP-MB-109 Pyrrolidine Ca0H22N4O 334 239-241 65
10 | MNP-MB-110 | N,N-Diethyl Amine | CyyH24N4O 336 180-182 60
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4.8.2 Physical Data Table of 4-(3-Hydroxy-4-(substitued-1-methyl) phenyl)-2,6-

dimethyl-1,4-dihydropyridine-3,5-dicarbonitriles

/"
N
AN
R
HO
N [ P N
CHs H CH,
Sr. Substitution Molecular Yield
Sample Code M. Wt MP °C
No. NR:R; Formula %
11 | MNP-MB-201 Piperazine CyoH23N50 349 246-248 65
12 | MNP-MB-201 N-Me-piperazine C,1H,5N50 363 188-190 75
13 | MNP-MB-203 N-Et-Piperazine CH,7N50 377 112-114 78
14 | MNP-MB-204 | N-phenyl piperazine | C,sH,7N50 425 216-218 80
15 | MNP-MB-205 | N-benzyl piperazine | C,7H29NsO 439 222-224 82
16 MNP-MB-206 Morpholine C20H22N402 350 215-217 80
17 MNP-MB-207 Plperldlne C21H24N4O 348 220-222 78
18 | MNP-MB-208 | 2-methl piperidine CoH6N4O 362 214-216 75
19 | MNP-MB-209 Pyrrolidine CyoH2oN4O 334 208-210 78
20 | MNP-MB-210 | N,N-Diethyl Amine | CyyH4N4O 336 160-162 65
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49 SPECTRAL DISCUSSION

49.1 IR Spectra

IR spectra of the synthesized compounds were recorded on Shimadzu FT-IR 8400
model using KBr Powder method. Various functional groups present were identified

by characteristic frequency obtained for them.

The stretching frequency of OH group showed at 3650-3600 (O-H str.) cmand
bending vibration at 1410-1310 cm™. The characteristic band of secondary N-H group
showed in the region of 3500-3200 cm™ with a deformation due to in plane bending at
1650-1550 cm™. Aromatic C-H stretching and bending frequencies showed between
3070-3030 cm™ and 1600-1400 cm™ respectively. C-H stretching and bending
frequencies for methyl and methylene group were obtained near 2950-2850 cm™ and
1450-1375 cm™. Characteristic frequency of C=N showed at 2260-2200 cm™.
Characteristic frequency of C-N stretching showed near 1350-1280 cm”. C-O
stretching frequency showed at 1230-1140 cm™.

4.9.2 Mass Spectra

Mass spectra of the synthesized compounds were recorded on Shimadzu GC-MS-QP-
2010 model using Direct Injection Probe technique. The molecular ion peak was

found in agreement with molecular weight of the respective compound.

4.9.3 'H NMR Spectra

"H NMR spectra of the synthesized compounds were recorded on Bruker Avance II
400 MHz NMR Spectrometer by making a solution of samples in DMSO-d¢/CDCl;
solvent using tetramethylsilane (TMS) as the internal standard unless otherwise
mentioned. Number of protons identified from 'H NMR spectra and their chemical
shift (8 ppm) were in the agreement of the structure of the molecule. J values were
calculated to identify o, m and p coupling. In some cases, aromatic protons were

obtained as multiplet. Interpretations of representative spectra are discussed as under.
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49.3.1'"H NMR of 4-(2-Hydroxy-3-(morpholinomethyl) phenyl)-2,6-dimethyl-
1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-106)

1. Proton no. 1 of total 6H of methyl group gave a singlet at 2.05 & ppm.

2. Proton no. 2 of total 2H of methylene group gave a characteristic singlet at
3.73 6 ppm.

3. Proton no. 3 of total 1H gave a singlet at 4.90 6 ppm.

4. Proton no. 4 of total 1H of aromatic ring gave a triplet at 6.80-6.83 6 ppm

(J=7.52, J=7.48), which suggest di ortho coupling.

5. Proton no. 5 of total 1H of aromatic ring gave a doublet at 6.92-6.94 6 ppm
(J=6.8), which suggest ortho coupling.

6. Proton no. 6 of total 1H of aromatic ring gave a triplet (double doublet
type) at 7.11-7.12 6 ppm (J=6.52, J=1.04), which suggest ortho-meta
coupling.

7. Proton no. 7 of total 4H of secondary amine of morpholine ring gave a
singlet at 2.55 6 ppm.

8. Proton no. 8 of total 4H of secondary amine of morpholine ring gave a
singlet at 3.71 6 ppm.

0. Proton no. 9 of total 1H of secondary amine of dihydropyridine ring gave a

singlet at 8.99 6 ppm.

Thus, by observing and assigning the signals in the NMR spectrum, we can clearly
suggest that the proposed structure for compound MNP-MB-106 has been confirmed.

The spectrum is given on page no. 218.

Department of Chemistry, Saurashtra University, Rajkot-360005. (INDIA) Page 201



Chapter-4

A Rapid and Facile Synthesis of Some Novel Mannich Bases of Dihydropyridines

49.32'"H NMR of 4-(3-Hydroxy-4- (pyrrolidin-1-yl methyl) phenyl) -2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-209)

Proton no. 1 of total 6H of methyl group gave a singlet at 2.01 & ppm.
Proton no. 2 of total 2H of methylene group gave a characteristic singlet at
3.83 & ppm.

Proton no. 3 of total 1H gave a singlet at 4.22 6 ppm.

Proton no. 4 and 5 of total 2H of aromatic ring gave a triplet at 6.65-6.68 6
ppm (J=10 and J=1.64) which suggest ortho-meta coupling of both the
protons.

Proton no. 6 of total 1H gave a doublet at 6.94-6.96 6 ppm (J=7.44), which
suggest ortho coupling.

Proton no. 7 and 8 of total 4H and 4H of secondary amine of pyrrolydine
ring gave a singlet at 1.85 6 ppm and 2.65 6 ppm respectively.

Proton no. 9 of total 1H of secondary amine of dihydropyridine ring gave a
singlet at 7.46 & ppm.

Proton no. 10 of total of 1H of OH group appeared as singlet at 8.05 6

Thus, by observing and assigning the signals in the NMR spectrum and by

calculating J value, we can clearly suggest that the proposed structure for compound

MNP-MB-209 has been confirmed. The spectrum is given on page no. 225.
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4.9.4 C NMR Spectra

BC NMR spectra of the synthesized compounds were recorded on Bruker Avance II
400 MHz NMR Spectrometer by making a solution of samples in DMSO-d6/CDCl;
solvent using tetramethylsilane (TMS) as the internal standard unless otherwise
mentioned. Types of carbons identified from NMR spectrum and their chemical shifts

(0 ppm) were in the agreement with the structure of the molecule.

4.9.5 Elemental Analysis

Elemental analysis of the synthesized compounds was carried out on Vario EL Carlo
Erba 1108 which showed calculated and found percentage values of Carbon,

Hydrogen and Nitrogen in support of the structure of synthesized compounds.

The analytical data for individual compounds synthesized in this chapter is mentioned

as follow.
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410 ANALYTICAL DATA

1) 4-(2-Hydroxy-3- (piperazin-1-yl methyl) phenyl)-2,6-dimethyl-1,4-dihydro-
pyridine-3,5-dicarbonitrile (MNP-MB-101)

Yield: 62%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); MS: m/z = 349
(100%); Anal. Calcd. for C;0H23N50: C, 68.74; H, 6.63; N, 20.04; O, 4.58; Found: C,
68.67; H, 6.87; N, 20.12.

2) 4-(2-Hydroxy-3-((4-methyl piperazin-1-yl) methyl) phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-102)

Yield: 73%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH,), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHs),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); 'H NMR (DMSO-dy)
o ppm: 1.08 (s, 3H), 2.04 (s, 6H), 2.41-2.46 (m, b, 8H), 3.72 (s, 2H), 4.95 (s, 1H),
6.44 (s, 1H), 6.78-6.82 (t, 2H, J=7.56), 6.91-6.93 (dd, 1H, J=6.04, J=1.36), 7.06-7.09
(dd, 1H, J=6.12, J=1.56); *C NMR (DMSO-d6) & ppm: 11.99, 18.43, 33.89, 52.30,
61.26, 77.06, 84.82, 119.03, 19.43, 121.44, 128.36, 128.65, 129.35, 145.36, 154.84;
MS: m/z = 363 (100%); Anal. Calcd. for C,;H,sNsO: C, 69.40; H, 6.93; N, 19.27; O,
4.40; Found: C, 69.36; H, 6.83; N, 19.17.

3) 4-(3-((4-Ethyl piperazin-1-yl) methyl)-2-hydroxy phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-103)

Yield: 75%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHs;), 2845 (Sym C-H str. -CH3), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
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1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); 'H NMR (DMSO-d6)
d ppm: 1.03-1.07 (t, 3H), 2.03 (s, 6H), 2.40-2.44 (q, 2H), 2.59 (s, 2H), 3.43 (s, b, 6H),
6.78-6.82 (t, 2H, J=7.56), 6.92-6.94 (dd, 1H, J=6.04, J=1.36), 7.08-7.11 (dd, 1H,
J=6.16, J=1.48); *C NMR (DMSO0-d6) & ppm: 11.84, 17.74, 33.24, 40.18, 51.62,
51.76, 52.13, 60.62, 78.72, 82.77, 99.66, 119.14, 119.22, 127.77, 128.60, 130.34,
146.31, 154.20; MS: m/z = 377 (100%); Anal. Calcd. for C»;H»7NsO: C, 70.00; H,
7.21; N, 18.55; O, 4.24; Found: C, 70.11; H, 7.33; N, 18.40.

4) 4-(2-Hydroxy-3-((4-phenyl piperazin-1-yl) methyl) phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-104)

Yield: 75%; IR (cm™): 3624-3591 (O-H str.), 3436-3406 (N-H str.), 3056-3007 (Ar
C=C-H str.), 2982 (Asym C-H str. -CH3), 2949 (Asym C-H str. -CH;), 2891 (Sym C-
H str. -CH3), 2831 (Sym C-H str. -CHy), 2196 (C=N str.), 1666-1636 (N-H bend),
1598, 1491, 1454 (Ar C=C str.), 1387 (C-H bend —CH,), 1371 (C-H bend —CHs),
1351 (C-N sec amine vib), 1139 (C-O str.), 840-760 (C-H oop def); '"H NMR
(DMSO-d6) 6 ppm: 2.05 (s, 6H), 2.63 (s, 4H), 3.22 (s, 4H), 3.79 (s, 2H), 4.90 (s, 1H),
6.81-6.85 (m, 2H), 6.89-6.91 (d, 2H, J=8.16), 6.94-6.96 (d, 1H, J=7.24), 7.12-7.14 (d,
1H, J=7.6), 7.20-7.24 (t, 2H, J=7.52, J=8.12), 8.97 (s, 1H); *C NMR (DMSO0-d6) 5
ppm: 17.56, 18.04, 33.22, 40.13, 48.44, 51.67, 60.59, 77.62, 82.68, 115.67, 119.13,
120.67, 127.68, 128.46, 129.98, 146.14, 150.44, 153.98; MS: m/z = 425 (100%);
Anal. Calcd. for C,cH,7N5O: C, 73.39; H, 6.40; N, 16.46; O, 3.76; Found: C, 73.22;
H, 6.29; N, 16.59.

5) 4-(3-((4-Benzylpiperazin-1-yl)methyl)-2-hydroxyphenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-105)

Yield: 78%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); MS: m/z = 439
(100%); Anal. Calcd. for C,7H9NsO: C, 73.78; H, 6.65; N, 15.93; O, 3.64; Found: C,
73.74; H, 6.48; N, 16.05.
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6) 4-(2-Hydroxy-3-(morpholino-methyl) phenyl) -2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-106)

Yield: 78%; IR (cm™): 3632-3630 (O-H str.), 3529-3460 (N-H str.), 3017 (Ar C=C-H
str.), 2966 (Asym C-H str. -CHj3), 2913 (Asym C-H str. -CH;), 2853 (Sym C-H str. -
CHj3), 2827 (Sym C-H str. -CH,), 2201 (C=N str.), 1663 (N-H bend), 1561, 1521,
1457 (Ar C=C str.), 1439 (C-H bend —CH>), 1384-1364 (C-H bend —CH3), 1351-1329
(C-N sec amine vib), 1206 (C-O str.), 860-790 (C-H oop def); 'H NMR (DMSO-d6)
d ppm: 2.05 (s, 6H), 2.55 (s, 4H), 3.71 (s, 4H), 3.73 (s, 2H), 4.90 (s, 1H), 6.80-6.83 (t,
1H, J=7.50), 6.92-6.94 (d, 1H, J=6.8), 7.11-7.13 (t, 1H, J=6.52, J=1.04), 8.99 (s,
1H); *C NMR (DMSO0-d6) & ppm: 17.51, 33.10, 40.12, 52.05, 60.92, 66.06, 82.61,
119.06, 120.35, 127.71, 128.46, 129.97, 146.10, 153.76; MS: m/z = 350 (100%);
Anal. Calcd. for C,o0HoN4O,: C, 68.55; H, 6.33; N, 15.99; O, 9.13; Found: C, 68.63;
H, 6.25; N, 15.84.

7) 4-(2-Hydroxy-3- (piperidin-1-yl  methyl) phenyl)-  2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-107)

Yield: 65%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH,), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHs),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); ); MS: m/z = 348
(100%); Anal. Calcd. for C;1H24N4O: C, 72.39; H, 6.94; N, 16.08; O, 4.59; Found: C,
72.43; H, 6.88; N, 16.21.

8) 4-(2-Hydroxy-3-((2-methyl piperidin-1-yl) methyl)phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-108)

Yield: 63%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); MS: m/z = 362
(100%); Anal. Calcd. for CoH6N4O: C, 72.90; H, 7.23; N, 15.46; O, 4.41; Found: C,
72.99; H, 7.24; N, 15.55.
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9) 4-(2-Hydroxy-3-  (pyrrolidin-1-yl ~ methyl)  phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-109)

Yield: 65%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); MS: m/z = 334
(100%); Anal. Calcd. for Cy0H2,N4O: C, 71.83; H, 6.63; N, 16.75; O, 4.78; Found: C,
71.74; H, 6.72; N, 16.68.

10) 4-(3-((Diethyl amino) methyl) -2-hydroxy phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-110)

Yield: 60%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH,), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHs),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); MS: m/z = 336
(100%); Anal. Calcd. for Cy0H4N4O: C, 71.40; H, 7.19; N, 16.65; O, 4.76; Found: C,
71.32; H, 7.13; N, 16.58.

11) 4-(3-Hydroxy-4-(piperazin-1-yl methyl) phenyl)  -2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-201)

Yield: 65%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); MS: m/z = 349
(100%); Anal. Calcd. for Cy0H23N50: C, 68.74; H, 6.63; N, 20.04; O, 4.58; Found: C,
67.97; H, 6.57; N, 19.74.

12) 4-(3-Hydroxy-4-((4-methyl piperazin-1-yl) methyl) phenyl)-2,6-dimethyl-
1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-202)

Yield: 75%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
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str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH,), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHs),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); 'H NMR (DMSO0-d6)
o ppm: 2.05 (s, 6H), 2.52 (s, 3H), 2.54 (s, b, 7H), 3.68 (s, 2H), 4.19 (s, 1H), 6.63-6.67
(t, 2H, J=7.68, J=5.92), 6.98-6.99 (d, 1H, J=7.48), 9.22 (s, 1H); *C NMR (DMSO-
d6) 6 ppm: 17.63, 38.83, 40.09, 41.23, 45.43, 51.93, 60.11, 78.01, 82.89, 114.62,
117.89, 119.09, 120.49, 128.76, 144.04, 146.11, 157.57; MS: m/z = 363 (100%);
Anal. Calcd. for C,HysNsO: C, 69.40; H, 6.93; N, 19.27; O, 4.40; Found: C, 69.26;
H, 6.75; N, 19.22.

13) 4-(4-((4-Ethyl piperazin-1-yl) methyl)-3-hydroxy phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-203)

Yield: 78%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHs), 2845 (Sym C-H str. -CH;), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); *H NMR (DMSO-d6)
o ppm: 1.07-1.10 (t, 3H), 2.03 (s, 6H), 2.41-2.47 (q, 2H), 2.60-2.63 (s, b, 5SH), 3.71 (s,
2H), 4.22 (s, 1H), 6.6642-6.6684 (d, 1H, J=1.68), 6.68-6.70 (dd, 1H, J=5.88,
J=1.72), 6.96-6.98 (d, 1H, J=7.6), 7.28 (s, 1H); *C NMR (DMSO-d6) & ppm: 11.92,
18.24, 41.80, 52.43, 61.00, 77.08, 84.66, 115.14, 118.61, 118.96, 121.09, 129.09,
143.84, 145.62, 158.19; MS: m/z = 377 (100%); Anal. Calcd. for CH27N50: C,
70.00; H, 7.21; N, 18.55; O, 4.24; Found: C, 70.41; H, 7.13; N, 18.20.

14) 4-(3-Hydroxy-4-((4-phenyl piperazin-1-yl) methyl) phenyl)-2,6-dimethyl-
1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-204)

Yield: 80%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH,), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHs),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); MS: m/z = 425
(100%); Anal. Calcd. for CysH»7N50: C, 73.39; H, 6.40; N, 16.46; O, 3.76; Found: C,
73.35; H, 6.59; N, 16.39.
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15) 4-(4-((4-Benzyl piperazin-1-yl) methyl)-3-hydroxy phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-205)

Yield: 82%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); 'H NMR (DMSO-d6)
o ppm: 2.01 (s, 6H), 2.58-2.71 (s, b, 8H), 3.53 (s, 2H), 3.70 (s, 2H), 4.21 (s, 1H), 6.65-
6.66 (d, 1H, J=1.60), 6.67-6.69 (dd, 1H, J=5.92, J=1.68), 6.94-6.96 (d, 1H, J=7.56),
7.24-7.33 (m, 5H), 7.38 (s, 1H); *C NMR (DMSO-d6) & ppm: 18.26, 41.82, 52.59,
52.82, 61.01, 62.79, 77.12, 84.63, 115.17, 118.61, 119.04, 121.12, 127.28, 128.33,
129.08, 137.55, 143.91, 145.70, 158.24; MS: m/z = 439 (100%); Anal. Calcd. for
C7H29NsO: C, 73.78; H, 6.65; N, 15.93; O, 3.64; Found: C, 73.64; H, 6.58; N, 15.81.

16) 4-(3-Hydroxy-4- (morpholino methyl) phenyl) -2,6-dimethyl -1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-206)

Yield: 80%; IR (cm™): 3630-3620 (O-H str.), 3537-3468 (N-H str.), 3014 (Ar C=C-H
str.), 2955 (Asym C-H str. -CHj3), 2913 (Asym C-H str. -CH,), 2876 (Sym C-H str. -
CHj3), 2860 (Sym C-H str. -CH>), 2199 (C=N str.), 1659 (N-H bend), 1560, 1523,
1508 (Ar C=C str.), 1465 (C-H bend —CHy), 1384 (C-H bend —CH3), 1348 (C-N sec
amine vib), 1159 (C-O str.), 870-795 (C-H oop def); 'H NMR (DMSO-d6) & ppm:
2.06 (s, 6H), 2.53 (s, 4H), 3.68 (s, 4H+2H), 4.19 (s, 1H), 6.6429-6.6453 (d, 1H,
J=0.96), 6.66-6.68 (d, 1H, J=7.68), 7.01-7.03 (d, 1H, J=7.64), 9.28 (s, 1H); **C
NMR (DMSO-d6) 6 ppm: 17.62, 40.14, 41.20, 52.47, 60.20, 66.12, 77.83, 78.49,
82.85, 114.62, 117.99, 118.98, 120.32, 129.08, 144.17, 146.11, 157.28; MS: m/z =
350 (100%); Anal. Calcd. for Cy0H22N4O,: C, 68.55; H, 6.33; N, 15.99; O, 9.13;
Found: C, 68.50; H, 6.26; N, 15.79.

17) 4-(3-Hydroxy-4-(piperidin-1-yl methyl) phenyl) -2,6-dimethyl -1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-207)

Yield: 78%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
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1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); *H NMR (DMSO-d6)
d ppm: 2.02 (s, 6H), 1.63 (s, 6H), 2.50-2.57 (s, b, 4H), 3.68 (s, 2H), 4.21 (s, 1H), 6.63-
6.64 (d, 1H, J=1.60), 6.66-6.68 (dd, 1H, J=5.92, J=1.68), 6.92-6.94 (d, 1H, J=7.6),
7.60 (s, 1H), 9.02 (s, b, 1H); ®*C NMR (DMSO0-d6) & ppm: 18.16, 23.85, 25.87,
41.88, 53.81, 61.72, 77.43, 84.62, 115.00, 118.48, 119.07, 121.48, 128.89, 143.85,
145.76, 158.54; MS: m/z = 348 (100%); Anal. Calcd. for C;H24N4O: C, 72.39; H,
6.94; N, 16.08; O, 4.59; Found: C, 72.30; H, 6.98; N, 16.10.

18) 4-(3-Hydroxy-4-((2-methyl piperidin-1-yl) methyl) phenyl)-2,6-dimethyl-
1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-208)

Yield: 75%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH,), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHs),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); 'H NMR (DMSO0-d6)
o ppm: 1.18 (d, 3H), 1.40-1.42 (t, 2H), 1.59-1.76 (m, b, 4H), 2.06 (s, 6H), 2.16-2.22
(q, 1H), 2.55 (s, 1H), 2.80-2.83 (t, 1H), 3.39 (s, 1H), 4.18 (s, 2H), 6.5707-6.5745 (d,
1H, J=1.52), 6.62-6.64 (dd, 1H, J=6.04, J=1.60), 6.96-6.98 (d, 1H, J=7.64), 9.32 (s,
1H); *C NMR (DMSO0-d6) & ppm: 17.63, 22.28, 25.21, 33.52, 40.00, 41.14, 50.51,
55.71, 56.28, 78.58, 82.91, 114.55, 117.68, 119.00, 121.36, 128.43, 143.76, 146.02,
146.06, 157.92; MS: m/z = 362 (100%); Anal. Calcd. for C2H¢N4O: C, 72.90; H,
7.23; N, 15.46; O, 4.41; Found: C, 72.95; H, 7.19; N, 15.75.

19) 4-(3-Hydroxy-4- (pyrrolidin-1-yl methyl) phenyl) -2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-209)

Yield: 78%; IR (cm™): 3628-3575 (O-H str.), 3572-3253 (N-H str.), 3007 (Ar C=C-H
str.), 2970 (Asym C-H str. -CH3), 2917 (Asym C-H str. -CH,), 2873 (Sym C-H str. -
CHj3), 2826 (Sym C-H str. -CH3), 2196 (C=N str.), 1663 (N-H bend), 1543, 1518,
1458 (Ar C=C str.), 1438 (C-H bend —CHy), 1385 (C-H bend —CH3), 1326 (C-N sec
amine vib), 1176 (C-O str.), 875-800 (C-H oop def); 'H NMR (DMSO-d6) & ppm:
1.85 (s, 4H), 2.01 (s, 6H), 2.65 (s, 4H), 3.83 (s, 2H), 4.22 (s, 1H), 6.65-6.68 (t, 2H,
J=10, J=1.64), 6.94-6.96 (d, 1H, J=7.44), 7.46 (s, 1H), 8.85 (s, 1H); °C NMR
(DMSO-d6) & ppm: 18.17, 23.65, 41.84, 53.52, 58.43, 77.10, 84.60, 114.96, 118.34,
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119.08, 122.35, 128.30, 143.74, 145.75, 158.57; MS: m/z = 334 (100%); Anal. Calcd.
for Co0HoN4O: C, 71.83; H, 6.63; N, 16.75; O, 4.78; Found: C, 71.64; H, 6.76; N,
16.62.

20) 4-(4-((Diethyl amino) methyl) -3-hydroxy phenyl) -2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-210)

Yield: 65%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CH3), 2930 (Asym C-H str. -CH,), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2260-2200 (C=N str.), 1650-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHs),
1340 (C-N sec amine vib), 1180 (C-O str.), 810 (C-H oop def); MS: m/z = 336
(100%); Anal. Calcd. for Cy0H4N4O: C, 71.40; H, 7.19; N, 16.65; O, 4.76; Found: C,
71.28; H, 7.33; N, 16.55.
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411 RESULTS & DISCUSSION

Present work covers the synthesis of some novel Mannich base compounds using
hydroxy substituted dihydropyridines and different secondary amines with
formaldehyde. The main significance of the present work is the very rapid and easy
reaction condition, facile work up method, excellent yield and high chemical purity of

the desired compounds for biological as well as pharmacological interest.

412 CONCLUSION

Herein we reported a Mannich reaction of 1,4-dihydropyridines at C4 phenyl ring

containing hydroxyl group, as an alternative of N-1 position of 1,4-dihydropyridines.

The newly synthesized compounds are well characterized by IR, Mass, "H NMR, "cC
NMR and Elemental analysis.

Department of Chemistry, Saurashtra University, Rajkot-360005. (INDIA) Page 212



Chapter-4 A Rapid and Facile Synthesis of Some Novel Mannich Bases of Dihydropyridines

4.13 REPRESENTATIVE SPECTRA
4.13.1 IR Spectrum of MNP-MB-104
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4.13.3 'H NMR Spectrum of MNP-MB-104
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4.13.5 Expanded *H NMR Spectrum of MNP-MB-104

ELEE ") e

BLLE " mmmmmne

EHE 1) s
LERE" ———-

....... I.lql......lll
[
......................... =
L e "
L e
lllllllll ll_-l.
=
——
e
-
-l
—
S
N\V
-
e
B .lr-.l.lfi““”“"-.
)=z -
...... —_—
lllllllll L-‘ll.ll__
=T
-
S i

[ S—

.
J—

ol

4.13.6 **C NMR Spectra of MNP-MB-104
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4.13.7 Expanded *C NMR Spectrum of MNP-MB-104

A Rapid and Facile Synthesis of Some Novel Mannich Bases of Dihydropyridines
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Wavenumbers (cm-1)

4.13.9 Expanded *C NMR Spectrum of MNP-MB-104
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4.13.11 Mass Spectrum of MNP-MB-106
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4.13.13 Expanded 'H NMR Spectrum of MNP-MB-106
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4.13.15 *C NMR Spectrum of MNP-MB-106
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4.13.17 Expanded *C NMR Spectrum of MNP-MB-106
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4.13.19 IR Spectrum of MNP-MB-206

: & Ele
E < |
i © N o ¥ © © 3
35 e Hoc 7/ OH =] 8 QE o |'s
34~f . N S A ; = s )
33! 3 o — N‘> 2 g = S 3w S
- \ @ Bl |7 SS g
32‘: ’ \N Q‘O g ™ ® 22
311 g § SS
a0 om0 3000 2500 " 2000 1500 “1000 500
Wavenurbers (cm-1)
4.13.20 Mass Spectrum of MNP-MB-206
Imﬁu - - — - —
i %
'Y N
H3C 74 OH
- HN
o —_— N_> 1
F Hj \ -E
ﬂ}- \N &o B
| 158 |
0 ji
L
af | 7 ;
5 ]
1 - Mg |
3 12 1 J 1
_BY IWER ARE |- W_mi.ﬁ.ME_L_!L L B
0 60 B0 W 1IN K 10 1B 00 N0 M M B0 0 M W B 40
miz

Department of Chemistry, Saurashtra University, Rajkot-360005. (INDIA) Page 222



Chapter-4

4.13.21 "H NMR Spectrum of MNP-MB-206
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4.13.23 *C NMR Spectrum of MNP-MB-206
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4.13.25 Mass Spectrum of MNP-MB-209
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4.13.27 Expanded 'H NMR Spectrum of MNP-MB-209
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4.13.29 Expanded *C NMR Spectra of MNP-MB-209
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Chapter-5 A Rapid and Facile Synthesis of Some Methoxylated 3,5-Dicyano Dihydropyridines & their Novel Mannich Bases

5.1 AIM OF CURRENT WORK

Chapter 4 covered Mannich reaction of 1,4-dihydropyridines containing one hydroxyl
group on phenyl ring at C4 position, while herein one methoxy/ethoxy group
introduced along with one hydroxyl group on phenyl ring at C4 position to give
structural and molecular diversity to the 1,4-dihydropyridine scaffold for biological

interest.
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5.2 REACTION SCHEME

5.2.1 Preparation of 4-(4-Hydroxy-3-Methoxy-5-((substituted-methyl) phenyl)-
2,6-dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile

Ry
OH on oH N
. _© e
0 3-Amino Crotono HCHO
/ nitrile Secondary Amines
= >~ N N
ol CH,COOH N N Ethanol N =

CHO ] Reflux ]

N 1-4 h N

H H

Where NRR,= Secondary amines like piperidine, morpholine etc.

5.2.2 Preparation of 4-(4-Hydroxy-3-Ethoxy-5-((substituted-methyl) phenyl)-
2,6-dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile

R
OH or oH N
0 o)
0 3-Amino Crotono™>" HCHO ~
nitrile Secondary Amines
- 5 S
= N N
gl CH,COOH N N Ethanol N Z
o | | Reflux |
1-4 h N
N H

Where NR;R,= Secondary amines like piperidine, morpholine etc.
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5.3 PLAUSIBLE REACTION MECHANISM

Step-1 R

H
\N/ o | Ri
H \ o/
R2 N\R
| 2
H  H

\

H H
-H"
H
H R; ® H HO R
o/ -H,0 H20 Ry H* /
—N (_/ / N \R
\ i "’
H R, b R H
H
Step-2
OH OH
C AR (OH Hoon HoH ]
N _ﬁ/ r, H N Va
Rs = /) — N
Rs N 3 \
R4 2 \ R4 R2
Ry H R,

Where, NR R, = Secondary amines like morpholine, piperidine
R3 & R4 = Phenyl ring
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54 EXPERIMENTAL

5.4.1 Analysis Protocol

Melting points were determined in open capillary tubes and are uncorrected.
Formation of the compounds was routinely checked by TLC on silica gel-G plates of
0.5 mm thickness and spots were located by iodine and UV. IR spectra were recorded
in Shimadzu FT-1R-8400 instrument using KBr Powder method. Mass spectra were
recorded on Shimadzu GC-MS-QP-2010 model using Direct Injection Probe
technique. '"H NMR was determined in DMSO-dg solution on a Bruker Avance II
400 MHz NMR spectrometer. Elemental analysis of all the synthesized compounds
was carried out on Elemental Vario EL 11l Carlo Erba 1108 model. All the results

are in agreements with the structures assigned.

5.4.2 Preparation of 4- (4-Hydroxy-3-Methoxy phenyl) -2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile

A mixture of 4-hydroxy-3-methoxy benzaldehyde (0.01 mole) and 3-amino
crotononitrile (0.02 mole) was taken in glacial acetic acid in a stoppered flask and
stirred for half an hour at room temperature. During the reaction, progress and the
completion of reaction were checked by silica gel-G Fjs4 thin layer chromatography
using ethyl acetate: hexane (3:2) as a mobile phase. After the completion of the
reaction, the crystalline product was separated out automatically which was filtered

and washed with diethyl ether.

5.4.3 Preparation of 4-(4-Hydroxy-3-Methoxy-5-((substituted-methyl) phenyl)-
2,6-dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (General Procedure)

A mixture of 4-(4-hydroxy-3-methoxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarbonitrile (0.01 mole), secondary amine (0.0135 mole) and formaldehyde (0.02
mole) was taken in absolute alcohol in 250 mL round bottom flask. The reaction

mixture was refluxed for 1-4 hours at reflux temperature till reaction completed. The
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progress and the completion of the reaction were checked by silica gel-G Fjs4 thin
layer chromatography using ethyl acetate: hexane (3:2) as a mobile phase. After
completion of the reaction, the reaction mixture was allowed to cool at room
temperature to obtain the product. When crystalline product was separated out, it was

filtered and washed with cold ethanol. Similarly other compounds were also prepared.

The physical data of newly synthesized compounds are given in Table No.5.5.1

5.4.4 Preparation of 4-(4-Hydroxy-3-Ethoxyphenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile

A mixture of 4-hydroxy-3-ethoxy benzaldehyde (0.01 mole) and 3-amino
crotononitrile (0.02 mole) was taken in glacial acetic acid in a stoppered flask and
stirred for half an hour at room temperature. During the reaction, progress and the
completion of reaction were checked by silica gel-G Fjs4 thin layer chromatography
using ethyl acetate: hexane (3:2) as a mobile phase. After the completion of the
reaction, the crystalline product was separated out automatically which was filtered

and washed with diethyl ether.

5.4.5 Preparation of 4-(4-Hydroxy-3-Ethoxy-5-((substituted-methyl) phenyl)-
2,6-dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (General Procedure)

A mixture of 4-(4-hydroxy-3-ethoxyphenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarbonitrile (0.01 mole), secondary amine (0.0135 mole) and formaldehyde (0.02
mole) was taken in absolute alcohol in 250 mL round bottom flask. The reaction
mixture was refluxed for 1-4 hours at reflux temperature till reaction completed. The
progress and the completion of the reaction were checked by silica gel-G Fjs4 thin
layer chromatography using ethyl acetate: hexane (3:2) as a mobile phase. After
completion of the reaction, the reaction mixture was allowed to cool at room
temperature to obtain the product. When crystalline product was separated out, it was

filtered and washed with cold ethanol. Similarly other compounds were also prepared.

The physical data of newly synthesized compounds are given in Table No.5.5.2
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5.5 PHYSICAL DATA TABLE

5.5.1 Physical Data Table of 4-(4-Hydroxy-3-Methoxy-5-((substituted-methyl)
phenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarbonitriles

Sr. Sample Substitution Molecular Yield

No. Code NR:R; Formula M- Wt MPoC %
1 MNP-MB-1 Piperazine C11Hy5N50, 379 268-270 66
2 MNP-MB-2 N-Me-piperazine C2H,7N50, 393 242-244 73
3 MNP-MB-3 N-Et-Piperazine C3Hy9N50, 407 246-248 78
4 MNP-MB-4 | N-phenyl piperazine | Cy7H29N50, 455 260-262 81
5 MNP-MB-5 | N-benzyl piperazine | CsH31NsO, 469 240-242 83
6 MNP-MB-6 Morpholine C21H24N4O5 | 380 195-197 80
7 MNP-MB-7 Piperidine CH26N4O, | 378 244-246 78
8 MNP-MB-8 2-methl piperidine | Cy3HasN4O, 392 180-182 75
9 MNP-MB-9 Pyrrolidine Co1HuaN4O, | 364 244-246 78
10 | MNP-MB-10 | N,N-Diethyl Amine | C,;HyN4O, | 366 176-178 65
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5.5.2 Physical Data Table of 4-(4-Hydroxy-3-Ethoxy-5-((substituted-methyl)
phenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarbonitriles

OH R1N Re
~_O
N N 2 N
| ' |

Sr. Sample Substitution Molecular Yield
No. Code NR;R, Formula M. W MPoC %
1 MNP-MB-11 Piperazine CHy7N50, 393 252-254 65
2 MNP-MB-12 N-Me-piperazine C3H29N50, 407 208-210 75
3 MNP-MB-13 N-Et-Piperazine Cy4H31N50, 421 226-228 75
4 | MNP-MB-14 | N-phenyl piperazine | CysH31N50, 469 220-222 80
5 MNP-MB-15 | N-benzyl piperazine | CyoH33N50, 483 216-218 82
6 | MNP-MB-16 Morpholine CH26N403 394 236-238 78
7 MNP-MB-17 Piperidine C3HsN4O, 392 214-216 80
8 MNP-MB-18 | 2-methl piperidine | Cy4H3N4O, 406 202-204 73
9 | MNP-MB-19 Pyrrolidine C2H26N4O; 378 206-208 75
10 | MNP-MB-20 | N,N-Diethyl Amine | C;;H2sN4O; 380 195-197 62
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5.6 SPECTRAL DISCUSSION

5.6.1 IR Spectra

IR spectra of the synthesized compounds were recorded on Shimadzu FT-IR 8400
model using KBr Powder method. Various functional groups present were identified
by characteristic frequency obtained for them. The stretching frequency of OH group
showed at 3650-3600 cm'and bending vibration at 1410-1310 cm™. The
characteristic band of secondary N-H group showed in the region of 3500-3200 cm’
with a deformation due to in plane bending at 1650-1550 cm™. Aromatic C-H
stretching and bending frequencies showed between 3070-3030 cm™ and 1600-1400
cm’ respectively. C-H stretching and bending frequencies for methyl and methylene
group were obtained near 2950-2850 cm™ and 1450-1375 cm™. Characteristic
frequency of C=N showed at 2260-2200 cm™. Characteristic frequency of C-N
stretching showed near 1350-1280 cm™. Ar-O-R stretching showed at 1260-1200 cm™
!, C-O stretching frequency showed at 1230-1140 cm™.

5.6.2 Mass Spectra

Mass spectra of the synthesized compounds were recorded on Shimadzu GC-MS-QP-
2010 model using Direct Injection Probe technique. The molecular ion peak was

found in agreement with molecular weight of the respective compound.

5.6.3 'H NMR Spectra

"H NMR spectra of the synthesized compounds were recorded on Bruker Avance II
400 MHz NMR spectrometer by making a solution of samples in DMSO-d¢ solvent
using tetramethylsilane (TMS) as the internal standard unless otherwise mentioned.
Number of protons identified from '"H NMR spectra and their chemical shift (5 ppm)
were in the agreement of the structure of the molecule. J values were calculated to
identify o, m and p coupling. In some cases, aromatic protons were obtained as

multiplet. Interpretation of representative spectra is discussed as under.
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5.6.3.1 '"H NMR of 4-(4-Hydroxy-3-Methoxy-5-(pyrrolidin-1-ylmethyl) phenyl)-
2,6-dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-9)

1. Proton no. 1 of total 6H of methyl group gave a singlet at 2.08 & ppm.
2. Proton no. 2 of total 3H of OCHj3 group gave a singlet at 3.85 & ppm.

3. Proton no. 3 of total 2H of methylene group gave a characteristic singlet at
3.89 6 ppm.

4. Proton no. 4 of total 1H gave a singlet at 4.21 6 ppm.

5. Proton no. 5 and 6 of total 2H of aromatic ring gave a singlet at 6.54 6 ppm

and 6.69 & ppm respectively.

6. Proton no. 7 of total 4H of secondary amine of pyrrolydine ring gave a
singlet at 1.86 6 ppm.

7. Proton no. 8 of total 4H of secondary amine of pyrrolydine ring gave a
singlet at 2.71 6 ppm.

8. Proton no. 9 of total 1H of secondary amine of dihydropyridine ring gave a
singlet at 9.20 6 ppm.

0. Proton no. 10 of total 1H of OH group appeared as broad band at 5.69 6

Thus, by observing and assigning the signals in the NMR spectrum, we can clearly
suggest that the proposed structure for compound MNP-MB-9 has been confirmed.

The spectrum is given on page no. 257.
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5.6.3.2 'H NMR of 4-(4-Hydroxy-3-Ethoxy-5-(pyrrolidin-1-ylmethyl) phenyl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-19)

O

OH

oo
RS
O 00
=
O

AN
®H3C N

©

@

CHs

@

Proton no. 1 of total 6H of methyl group gave a singlet at 2.04 & ppm.
Proton no. 2 of total 3H of ethoxy group gave a triplet at 1.36-1.40 6 ppm.
Proton no. 3 of total 2H of methylene group gave a characteristic singlet at
3.816 ppm.

Proton no. 4 of total 2H gave a quartet at 4.00-4.06 6 ppm.

Proton no. 5 of total 1H gave a singlet at 4.19 6 ppm.

Proton no. 6 of 1H of aromatic ring gave a doublet at 6.5302-6.5460 & ppm
(J=1.92) and proton no. 7 of 1H gave a doublet at 6.66-6.67 & ppm
(J=1.96), which suggest meta coupling.

Proton no. 8 and 9 of total 4H and 4H of secondary amine of pyrrolydine
ring gave a singlet at 1.81 o ppm and 2.53 6 ppm respectively.

Proton no. 10 of total 1H of secondary amine of dihydropyridine ring gave
a singlet at 9.32 6 ppm.

Proton no. 11 of total 1H of OH group appeared as a broad band at 5.8 6

Thus, by observing and assigning the signals in the NMR spectrum and by

calculating J value, we can clearly suggest that the proposed structure for compound

MNP-MB-19 has been confirmed. The spectrum is given on page no. 265.
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5.6.4 *C NMR Spectra

BC NMR spectra of the synthesized compounds were recorded on Bruker Avance II
400 MHz NMR Spectrometer by making a solution of samples in DMSO-d6 solvent
using tetramethylsilane (TMS) as the internal standard unless otherwise mentioned.
Types of carbons identified from NMR spectrum and their chemical shifts (6 ppm)

were in the agreement with the structure of the molecule.

5.6.5 Elemental Analysis

Elemental analysis of the synthesized compounds was carried out on Vario EL Carlo
Erba 1108 which showed calculated and found percentage values of Carbon,

Hydrogen and Nitrogen in support of the structure of synthesized compounds.

The analytical data for individual compounds synthesized in this chapter are

mentioned as follow.
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5.7 ANALYTICAL DATA

1) 4-(4-Hydroxy-3-methoxy-5-(piperazin-1-ylmethyl) phenyl)-2,6-dimethyl -1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-1)

Yield: 66%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHs), 2845 (Sym C-H str. -CH;), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); MS: m/z = 379 (100%); Anal. Calcd. for C,;H»5NsO,: C, 66.47; H, 6.64; N,
18.46; O, 8.43; Found: C, 66.40; H, 6.63; N, 18.54.

2) 4-(4-Hydroxy-3-methoxy-5-((4-methyl piperazin-1-yl) methyl) phenyl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-2)

Yield: 73%; IR (cm™): 3650-3600 (O-H str..), 3500-3200 (N-H str..), 3040 (Ar C=C-
H str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH), 2870 (Sym C-H str.
-CH3), 2845 (Sym C-H str. -CH,), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHs),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); MS: m/z = 393 (100%); Anal. Calcd. for C,H,7N50,: C, 67.15; H, 6.92; N,
17.80; O, 8.13; Found: C, 67.26; H, 6.97; N, 17.75.

3) 4-(3-((4-Ethylpiperazin-1-yl) methyl) -4-hydroxy -5-methoxyphenyl) -2,6-di-
methyl -1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-3)

Yield: 78%; IR (cm™): 3650-3600 (O-H str..), 3500-3200 (N-H str..), 3040 (Ar C=C-
H str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str.
-CHj3), 2845 (Sym C-H str. -CH3), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); MS: m/z = 407 (100%); Anal. Calcd. for C,3H9NsO,: C, 67.79; H, 7.17; N,
17.19; O, 7.85; Found: C, 67.65; H, 7.23; N, 17.15.
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4)  4-(4-Hydroxy-3-methoxy-5-((4-phenyl piperazin-1-yl) methyl) phenyl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-4)

Yield: 81%; IR (cm™): 3650-3600 (O-H str..), 3500-3200 (N-H str..), 3040 (Ar C=C-
H str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str.
-CH3), 2845 (Sym C-H str. -CH,), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); MS: m/z = 455 (100%); Anal. Calcd. for C,7H29NsO,: C, 71.19; H, 6.42; N,
15.37; O, 7.02; Found: C, 71.05; H, 6.49; N, 15.29.

5) 4-(3-((4-Benzyl piperazin-1-yl) methyl)-4-hydroxy-5-methoxy phenyl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-5)

Yield: 83%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH,), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHs),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); MS: m/z = 469 (100%); Anal. Calcd. for C;;H3NsO,: C, 71.62; H, 6.65; N,
14.91; O, 6.81; Found: C, 71.55; H, 6.74; N, 15.09.

6) 4-(4-Hydroxy-3-methoxy-5-(morpholine methyl) phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-6)

Yield: 80%; IR (cm™): 3693-3679 (O-H str.), 3323-3257 (N-H str.), 3027 (Ar C=C-H
str.), 2994 (Asym C-H str. -CHj3), 2970 (Asym C-H str. -CH,), 2941 (Sym C-H str. -
CHj3), 2876-2844 (Sym C-H str. -CHy), 2198 (C=N str.), 1664-1639 (N-H bend),
1509, 1459, 1440 (Ar C=C str.), 1415 (C-H bend —CH,), 1385 (C-H bend —CH3),
1351 (C-N sec amine vib), 1281-1260 (Ar-O-R str.), 1156 (C-O str.), 850-790 (C-H
oop def); *H NMR (DMSO-d) & ppm: 2.06 (s, 6H), 2.55 (s, 4H), 3.67 (s, 4H), 3.71
(s, 2H), 3.82 (s, 3H), 4.22 (s, 1H), 6.57 (d, 1H, J=1.64), 6.69-6.70 (d, 1H, J=1.76),
9.29 (s, 1H); *C NMR (DMSO-d6) & ppm: 17.67, 18.27, 41.03, 52.44, 55.5356.29,
59.77, 66.04, 78.63, 83.08, 110.45, 119.0, 120.10, 121.17, 134.24, 145.57, 145.76,
147.33; MS: m/z = 380 (100%); Anal. Calcd. for C;1H,4N4O5: C, 66.30; H, 6.36; N,
14.73; O, 12.62; Found: C, 66.40; H, 6.33; N, 14.54.
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7) 4-(4-Hydroxy-3-methoxy-5-(piperidin-1-yl methyl) phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-7)
Yield: 78%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CH3), 2930 (Asym C-H str. -CH,), 2870 (Sym C-H str. -
CHs;), 2845 (Sym C-H str. -CH,), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH;), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); ); 'H NMR (DMSO0-d6) & ppm: 1.50 (s, 2H), 1.62-1.64 (t, 4H), 2.07 (s, 6H),
2.57-2.58 (b, 2H), 3.71 (s, 2H), 3.85 (s, 3H), 4.19 (s, 1H), 4.80 (b, 3H), 6.48 (d, 1H,
J=1.60), 6.67(d, 1H, J=1.76), 9.16 (s, 1H); *C NMR (DMSO0-d6) & ppm: 17.95,
23.60, 25.52, 41.47, 533.50, 55.72, 61.63, 78.34, 83.49, 110.44, 119.32, 119.84,
121.28, 134.04, 145.93, 146.70, 147.61; MS: m/z = 378 (100%); Anal. Calcd. for
CxHy6N4O5: C, 69.82; H, 6.92; N, 14.80; O, 8.45; Found: C, 69.80; H, 6.83; N, 14.94.

8) 4-(4-Hydroxy-3-methoxy-5-((2-methyl piperidin-1-yl) methyl) phenyl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-8)
Yield: 75%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CH;), 2845 (Sym C-H str. -CH,), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHj),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); *"H NMR (DMSO-d6) & ppm: 1.17-1.19 (d, 3H), 1.37-1.42 (t, 2H), 1.51-1.76 (m,
b, 4H), 2.06 (s, 6H), 2.20-2.24 (t, 1H), 2.52-2.56 (b, 1H), 2.83-2.86 (q, 1H), 3.44 (s,
1H), 3.82 (s, 3H), 4.19 (s, 2H), 6.4813-6.4859 (d, 1H, J=1.84), 6.65-6.66 (d, 1H,
J=1.96), 9.24 (s, 1H); °C NMR (DMSO0-d6) & ppm: 17.86, 18.42, 22.53, 25.36,
40.20, 41.32, 50.93, 55.64, 56.11, 56.57, 56.87, 78.80, 83.37, 110.27, 119.22, 119.58,
122.01, 134.03, 145.84, 146.67, 147.51; MS: m/z = 392 (100%); Anal. Calcd. for
Ca3HogN4O,: C, 70.38; H, 7.19; N, 14.27; O, 8.15; Found: C, 70.30; H, 7.15; N, 14.31.

9) 4-(4-Hydroxy-3-methoxy-5-(pyrrolidin-1-yl methyl) phenyl)-2,6-dimethyl-
1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-9)

Yield: 78%; IR (cm™): 3692-3678 (O-H str.), 3292-3238 (N-H str.), 3023-3011 (Ar
C=C-H str.), 2990 (Asym C-H str. -CH3), 2961 (Asym C-H str. -CH;), 2900 (Sym C-
H str. -CH3), 2837 (Sym C-H str. -CH,), 2198 (C=N str.), 1657 (N-H bend), 1511,
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1497, 1462 (Ar C=C str.), 1440 (C-H bend —CHy), 1384 (C-H bend —CH3), 1305 (C-N
sec amine vib), 1283 (Ar-O-R str.), 1157 (C-O str.), 850-800 (C-H oop def); *H NMR
(DMSO0-d6) & ppm: 1.86 (s, 4H), 2.08 (s, 6H), 2.71 (s, 4H), 3.85 (s, 3H), 3.89 (s, 2H),
421 (s, 1H), 5.69 (b, 1H), 6.54 (s, 1H), 6.69 (s, 1H), 9.20 (s, 1H); *C NMR (DMSO-
d6) 6 ppm: 17.67, 23.06, 41.16, 52.89, 55.48, 57.19, 78.14, 83.14, 99.49, 110.30,
119.03, 119.34, 121.64, 133.81, 145.70, 145.17, 147.30; MS: m/z = 364 (100%);
Anal. Calcd. for C,1Hp4N4O,: C, 69.21; H, 6.64; N, 15.37; O, 8.78; Found: C, 69.24;
H, 6.53; N, 15.46.

10) 4-(3-((Diethylamino) methyl)-4-hydroxy-5-methoxy phenyl)-2,6-dimethyl-
1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-10)

Yield: 65%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHs), 2845 (Sym C-H str. -CH,), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHj),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); MS: m/z = 366 (100%); Anal. Calcd. for C,;H6N4O,: C, 68.83; H, 7.15; N,
15.29; O, 8.73; Found: C, 68.78; H, 7.19; N, 15.26.

11) 4-(3-Ethoxy-4-hydroxy-5-(piperazin-1-yl methyl) phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-11)

Yield: 65%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH,), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHs),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); MS: m/z = 393 (100%); Anal. Calcd. for C;,H,7N50,: C, 67.15; H, 6.92; N,
17.80; O, 8.13; Found: C, 67.07; H, 6.93; N, 17.74.

12) 4-(3-Ethoxy-4-hydroxy-5-((4-methyl piperazin-1-yl) methyl) phenyl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-12)

Yield: 75%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHs;), 2845 (Sym C-H str. -CH;), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
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1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); MS: m/z = 407 (100%); Anal. Calcd. for C,3H9NsO,: C, 67.79; H, 7.17; N,
17.19; O, 7.85; Found: C, 67.26; H, 7.25; N, 17.22.

13) 4-(3-Ethoxy-5-((4-ethyl piperazin-1-yl) methyl)-4-hydroxy phenyl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-13)

Yield: 75%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHs;), 2845 (Sym C-H str. -CH;), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); MS: m/z = 421 (100%); Anal. Calcd. for C4H3NsO,: C, 68.38; H, 7.41; N,
16.61; O, 7.59; Found: C, 68.41; H, 7.43; N, 16.20.

14) 4-(3-Ethoxy-4-hydroxy-5-((4-phenyl piperazin-1-yl) methyl) phenyl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-14)

Yield: 80%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHs;), 2845 (Sym C-H str. -CH;), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); MS: m/z = 469 (100%); Anal. Calcd. for C,sH3;NsO,: C, 71.62; H, 6.65; N,
14.91; O, 6.81; Found: C, 71.65; H, 6.59; N, 14.95.

15) 4-(3-((4-Benzyl piperazin-1-yl) methyl)-5-ethoxy-4-hydroxy phenyl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-15)

Yield: 82%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHs;), 2845 (Sym C-H str. -CH;), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CH3),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); MS: m/z = 483 (100%); Anal. Calcd. for CoH33Ns0,: C, 72.02; H, 6.88; N,
14.48; O, 6.62; Found: C, 72.14; H, 6.84; N, 14.51.
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16) 4-(3-Ethoxy-4-hydroxy-5-(morpholine methyl) phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-16)

Yield: 78%; IR (cm™): 3677-3651 (O-H str.), 3301-3254 (N-H str.), 3015 (Ar C=C-H
str.), 2970 (Asym C-H str. -CHj3), 2950 (Asym C-H str. -CH,), 2873 (Sym C-H str. -
CH3), 2826 (Sym C-H str. -CH»), 2197 (C=N str.), 1664 (N-H bend), 1514, 1492,
1436 (Ar C=C str.), 1436 (C-H bend —CH,), 1364 (C-H bend —CH3), 1350 (C-N sec
amine vib), 1290-1261 (Ar-O-R str.), 1156 (C-O str.), 860-800 (C-H oop def); *H
NMR (DMSO-d6) 6 ppm: 1.40-1.44 (t, 3H), 2.06 (s, 6H), 2.56 (s, 4H), 3.69 (s, 4H),
3.72 (s, 2H), 3.71 (s, 2H), 4.03-4.09 (q, 2H), 4.19 (s, 1H), 6.53 (d, 1H, J=1.32), 6.69
(d, 1H, J=1.32), 9.20 (s, 1H), 10.62 (b, 1H); *C NMR (DMSO-d6) & ppm:14.57,
17.66, 41.08, 52.40, 60.38, 63.78, 66.08, 78.35, 83.14, 111.77, 118.98, 119.87,
120.96, 134.12, 145.68, 145.91, 146.54; MS: m/z = 394 (100%); Anal. Calcd. for
CnHysN4Os3: C, 66.99; H, 6.64; N, 14.20; O, 12.17; Found: C, 66.90; H, 6.73; N,
14.24.

17) 4-(3-Ethoxy-4-hydroxy-5-(piperidin-1-yl methyl) phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-17)

Yield: 80%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
CHj3), 2845 (Sym C-H str. -CH,), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHs),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); 'H NMR (DMSO0-d6) & ppm: 1.41-1.46 (t, 3H), 1.50 (s, 2H), 1.61-1.64 (t, 4H),
2.06 (s, 6H), 2.56-2.58 (b, 2H), 3.71 (s, 2H), 4.03-4.08 (q, 2H), 4.18 (s, 1H), 6.48 (d,
1H, J=1.60), 6.66-6.67 (d, 1H, J=1.84), 9.19 (s, 1H); *C NMR (DMSO0-d6) & ppm:
14.82, 17.90, 23.54, 25.43, 41.35, 53.45, 61.20, 63.95, 78.52, 83.42, 111.88, 119.25,
119.84, 121.34, 145.86, 146.77, 146.85; MS: m/z = 392 (100%); Anal. Calcd. for
Cx3HsN4O,: C, 70.38; H, 7.19; N, 14.27; O, 8.15; Found: C, 70.40; H, 7.21; N, 14.30.

18) 4-(3-Ethoxy-4-hydroxy-5-((2-methyl piperidin-1-yl) methyl) phenyl)-2,6-
dimethyl-1,4-dihydropyridine-3,5-dicarbonitrile (MNP-MB-18)

Yield: 73%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CH3), 2930 (Asym C-H str. -CH;), 2870 (Sym C-H str. -
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CHj3), 2845 (Sym C-H str. -CH,), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHs),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); '"H NMR (DMSO-d6) & ppm: 1.11-1.18 (t, 3H), 1.37-1.42 (m, 5H), 1.53-1.76 (b,
4H), 2.05 (s, 6H), 2.18-2.23 (q, 1H), 2.54-2.55 (b, 1H), 2.82-2.85 (m, 1H), 3.39-3.43
(d, 1H), 4.01-4.06 (q, 2H), 4.17 (s, 2H), 6.47-6.48 (d, 1H, J=1.72), 6.64-6.65 (d, 1H,
J=1.88), 9.27 (s, 1H); °C NMR (DMSO-d6) & ppm: 14.65, 17.67, 18.28, 22.39,
25.15, 33.63, 41.03, 50.85, 55.99, 56.64, 83.16, 111.52, 119.02, 119.41, 121.98,
133.84, 145.64, 146.51, 146.66; MS: m/z = 406 (100%); Anal. Calcd. for
CoH30N4O,: C, 70.91; H, 7.44; N, 13.78; O, 7.87; Found: C, 70.95; H, 7.39; N, 13.75.

19) 4-(3-Ethoxy-4-hydroxy-5-(pyrrolidin-1-yl methyl) phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-19)

Yield: 75%; IR (cm™): 3658-3624 (O-H str.), 3298-3247 (N-H str.), 3018 (Ar C=C-H
str.), 2972 (Asym C-H str. -CHj3), 2919 (Asym C-H str. -CH;), 2832 (Sym C-H str. -
CHs), 2800 (Sym C-H str. -CHy), 2198 (C=N str.), 1660 (N-H bend), 1518, 1497,
1479 (Ar C=C str.), 1458 (C-H bend —CHs), 1388 (C-H bend —CH3), 1341 (C-N sec
amine vib), 1288-1255 (Ar-O-R str.), 1158 (C-O str.), 880-790 (C-H oop def); 'H
NMR (DMSO-d6) & ppm: 1.36-1.40 (t, 3H), 1.80-1.81 (d, 4H), 2.04 (s, 6H), 2.61-
2.62 (d, 4H), 3.81 (s, 2H), 4.00-4.06 (q, 2H), 4.19 (s, 1H), 6.53 (d, 2H, J=2.12), 6.66-
6.67 (d, 1H, J=1.96), 9.20 (s, 1H); *C NMR (DMSO-d6) & ppm: 14.68, 17.68, 23.17,
40.91, 52.96, 57.21, 63.80, 83.11, 111.88, 119.08, 119.33, 122.69, 133.89, 145.76,
146.36, 146.4; MS: m/z = 378 (100%); Anal. Calcd. for CyHy¢N4Os: C, 69.82; H,
6.92; N, 14.80; O, 8.45; Found: C, 69.34; H, 6.53; N, 15.36.

20) 4-(3-((Diethyl amino) methyl)-5-ethoxy-4-hydroxy phenyl)-2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarbonitrile (MNP-MB-20)

Yield: 62%; IR (cm™): 3650-3600 (O-H str.), 3500-3200 (N-H str.), 3040 (Ar C=C-H
str.), 2980 (Asym C-H str. -CHj3), 2930 (Asym C-H str. -CH,), 2870 (Sym C-H str. -
CH3), 2845 (Sym C-H str. -CH,), 2210-2180 (C=N str.), 1660-1580 (N-H bend),
1580, 1545, 1500 (Ar C=C str.), 1460 (C-H bend —CH,), 1375 (C-H bend —CHs),
1340 (C-N sec amine vib), 1260-1200 (Ar-O-R str.), 1180 (C-O str.), 810 (C-H oop
def); MS: m/z = 380 (100%); Anal. Calcd. for C,HsN4O,: C, 69.45; H, 7.42; N,
14.73; O, 8.41; Found: C, 68.98; H, 7.43; N, 14.66.
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5.8 RESULTS & DISCUSSION

Present work covers the synthesis of Mannich reaction of 1,4-dihydropyridines
containing hydroxyl and methoxy/ethoxy groups on phenyl ring at C4 position. All the
synthesized compounds are novel and well characterized by IR, Mass, 'H NMR and

BC NMR.

5.9 CONCLUSION

The Mannich bases of 3,5-dicyano-4-(substituted phenyl)-2,6-dimethyl-1,4-
dihydropyridines are novel and therefore to evaluate their various biological activities

are of interest. The activity is under study.
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5.10 REPRESENTATIVE SPECTRA
5.10.1 IR Spectrum of MNP-MB-6
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5.10.3 '"H NMR Spectrum of MNP-MB-6
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5.10.5 Expanded 'H NMR Spectrum of MNP-MB-6
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5.10.7 Expanded *C NMR Spectrum of MNP-MB-6
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5.10.9 Expanded *C NMR Spectrum of MNP-MB-6
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5.10.11 Mass Spectrum of MNP-MB-9
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5.10.13 Expanded ‘H NMR Spectrum of MNP-MB-9
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5.10.15 Expanded **C NMR Spectrum of MNP-MB-9
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5.10.17 Expanded **C NMR Spectrum of MNP-MB-9
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5.10.19 Mass Spectrum of MNP-MB-16
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5.10.21 Expanded ‘H NMR Spectrum of MNP-MB-16
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5.10.23 Expanded **C NMR Spectrum of MNP-MB-16
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5.10.25 Expanded **C NMR Spectrum of MNP-MB-16
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5.10.27 Mass Spectrum of MNP-MB-19
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5.10.29 Expanded ‘H NMR Spectrum of MNP-MB-19
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5.10.31 Expanded **C NMR Spectrum of MNP-MB-19
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5.10.33 Expanded **C NMR Spectrum of MNP-MB-19
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Summary

The work represented in the thesis entitled “A Synthetic Approach Towards
Bioactive Molecules and Related Studies” is divided into two Parts and five

chapters which can be summarized as under.

Part-1

Chapter-1 deals with the synthesis of 2, 4-dimethyl benzopyrylium salts using
substituted Phenols. Good yield and easy work up are the main significances of this
method. The synthesized compounds were well characterized by IR, *H NMR, *C
NMR and Mass Spectrometry. The structures were proven by x-ray crystallographic

technique, by developing single crystals of three compounds in particular series.

Chapter-2 covers synthesis of some new 4-amino coumarin derivatives using green
chemistry protocols. This process involves one pot three component reaction of 4-
amino coumarin, aromatic aldehyde and catalytic amount of zinc chloride to form
dimeric coumarin compounds. The main advantage of this process is economically
viable, environmental benign and less time consuming. The compounds were well
characterized by IR, *H NMR, *C NMR and Mass Spectrometry.

Part-11

Chapter-3 represents the preparation of symmetric 1,4-dihydropyridines, structurally
correlated with Nisoldipine, a potent calcium channel antagonist by one pot high
purity Multi Component Reaction (MCR) using normal conventional approach.
Isobutyl acetoacetate, substituted aldehydes and ammonium acetate in the presence of
catalytic amount of glacial acetic acid forwarded by refluxing the reaction mixture in
isopropyl alcohol to obtain the final products. All the synthesized compounds are
highly pure and well characterized by IR, Mass, *H NMR and **C NMR.

Chapter-4 involves the synthesis of some novel Mannich base compounds using
hydroxy substituted dihydropyridines and different secondary amines with
formaldehyde. Very rapid and easy reaction condition, facile work up procedure,
excellent yield and high chemical purity of the desired compounds are the main
significances. The chapter covers IR, *H NMR, **C NMR, DEPT, Mass spectral and

other Physical data to support the structure elucidation.
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Summary

Chapter-5 related with the synthesis of some novel Mannich base compounds using
1,4-dihydropyridines containing one hydroxyl group along with one methoxy/ethoxy
group on phenyl ring at C4 position, to give structural and molecular diversity to the
1,4-dihydropyridine scaffold for biological as well as pharmacological interest. All
the synthesized compounds were well characterized by IR, *H NMR, *C NMR,

DEPT, Mass spectral and other Physical data to support the structure elucidation.

Biological Activity: The newly synthesized chemical entities are under study for

various biological activities.
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1. Synthesis and biological evaluation of 4-Styrylcoumarin derivatives as
inhibitors of TNF-a and IL-6 with anti-tubercular activity.
Kuldip Upadhyay, Abhay Bavishi, Shailesh Thakrar, Ashish Radadiya, Hardev
Vala, Shrey Parekh, Dhairya Bhavsar, Mahesh Savant, Manisha Parmar, Priti
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4. An efficient and rapid synthesis of highly functionalized novel symmetric 1,4-
dihydropyridines using glacial acetic acid as solvent.
Shailesh Thakrar, Abhay Bavishi, Dhairya Bhavsar, Shrey Parekh, Hardev Vala,
Ashish Radadiya, Manisha Parmar, Mahesh Savant, Nilay Pandya and Anamik
Shah*
Synthetic Communication (Accepted).

5. Microwave assisted rapid Synthesis of novel 1,5-benzodiazepines derivatives
as potent antimicrobial agent.
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10.

11.

Poster presented at International conference, 15" ISCBC “International
conference on Bridging gaps in discovery and development: Chemical &
Biological science for affordable health, wellness & sustainability” held at
Department of Chemistry SU, Rajkot, 4-7 February, 2011.

Poster presented at International conference, 14™ ISCBC “Chemical biology for
discovery: perspectives and Challenges” held at CDRI, Lucknow, 15-18 January,
2010.

National seminar on Alternative Synthetic Strategies for Drugs & Drug
Intermediates held at Institute of Pharmacy, Nirma University, Ahmedabad on
13™ November, 2009.

Two days National Workshop on Patents & IPR related Updates, Jointly
organized by Technology Information, Forecasting Assessment Council (TIFAC)
- New Delhi, Gujarat Council on Science and Technology (GUJCOST)
Gandhinagar & National Facility for Drug Discovery Programme, Saurashtra
University, Rajkot on 19-20" September, 2009.

National workshop on Spectroscopy & Stereo chemistry held at Department of
Chemistry, Saurashtra University, Rajkot on 18"- 20™ March, 2009.

National workshop on updates in Process & Medicinal Chemistry held at
Department of chemistry, Saurashtra University, Rajkot on 3"- 4™ March, 2009.

11" CRSI & 3™ CRSI-RSC National Symposium in Chemistry held at National
Chemical Laboratory (NCL), Pune on 5" -8" February, 2009.

“Management and Use of Chemical databases & Patent Literature” held at the
Department of Chemistry, Saurashtra University, Rajkot on 27"-29™ February,
2008.

Poster presented at International Conference on the Interface of Chemistry-
Biology in Biomedical Research, 12" ISCB Conference held at BITS Pilani,
Pilani on 22"%-24" February, 2008.

“National Workshop on E-Resources in Chemical Synthesis & Natural Products”
held at Department of Chemistry, Saurashtra University, Rajkot on 2"%-3" March,
2006.

“National Workshop on Nanotechnology: Opportunities & Challenges” jointly
organized by Saurashtra University Rajkot and Gujarat Council of Science &
Technology (GUJCOST), Gandhinagar, to be held at Rajkot, 17" October, 2005.
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12. 9™ National conference (Inclusive one day International Symposium-1SCB
2005) on “Bioactive Heterocycles and Drug Discovery Paradigm”, jointly
organized by Department of Chemistry, Saurashtra University, Rajkot & Indian
Society of Chemists & Biologist (ISCB), CDRI, Lukhnow, held at Rajkot, 8"-

10" January, 2005.
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