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Preview

This thesis deals with the studies on synthesis, characterization, supramolecular chemistry,
and reactivity of a few quinoline derivatives. The content of the thesis is divided into six

chapters.

A general introduction to quinoline and quinoline derivative is brought forward in the first
chapter. This includes a brief discussion on their synthesis, structural features and reactivity.
The catalytic activity of metal complexes of quinoline derivatives and pharmaceutical
application of quinoline derivatives are also discussed. This chapter also features discussions
on several quinoline based supramolecular architectures and their inclusion compounds.
Fluorescence sensing of pH by quinoline based receptors is included in this chapter. Further,

various coordination polymers of quinoline ligands is included. Finally, a brief discussion on

the scope of the thesis work is included.

The second chapter of the thesis deals with the synthesis, characterization and the
anion recognition properties of few quinoline derivatives. The synthesis,
characterisation of a number of amide and ester derivatives of quinoline (2.1-2.8) and
their anion recognition properties in solution as well as in solid state are presented in

this chapter.
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All these receptors are fluorescence active and they possess a binding site through the
N atom of the quinoline ring and also can have supramolecular interactions through
the amide linkages, they are suitable for interacting with an acid. The protonation
process provides an extra H- bond environment to have complicated supramolecular
interaction with an anion. Hence in anticipation of getting differences in fluorescence
emission of the parent compound by anion recognition process we monitored the
solution state fluorescence spectra of these compounds in presence of different acids.
The trend in terms of intensity and the position of fluorescence are found to be highly
selective, showing anion recognition by these receptors. From these fluorescence
changes during titration, the binding constants were calculated.

The structural aspects of receptors 2.3, 2.4, 2.5 and their host-guest complexes with
various anions are described. The crystal structures of all the host-guest complexes
are studied and compared with the receptor molecules. The receptor 2.3 has a bent
structure which is converted to a planar on binding to anions. The receptor 2.5 adopts
a twizeer like geometry on binding with anions. The perchlorate salt of receptor 2.5
shows empty cylindrical voids.

Cyclisation reactions of some bromo-substituted 8-aminoquinoline derivatives leading
to new hetorocycle are presented in the third chapter. Two quinoline derivatives
namely 2-bromo-N-quinoline-8-yl-acetamide (3.1) and 2-bromo-N-(quinolin-8-
yl)propanamide (3.2) are synthesized and their reactivity under different conditions
are studied.

® S
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HNfo HNIO
Br HaC Br
3.1 3.2

A three component reaction between 2-bromo-N-quinoline-8-yl-acetamide (3.1), 2-(4-
methoxyphenyl) ethylamine and acetone gives a fused ring heterocyclic compound
3.3 as illustrated in scheme 1. On changing the amine to 2-(2-methoxyphenyl)
ethylamine another product 3.5 is obtained. The compound 3.3 and 3.5 on treatment

with perchloric acid further rearranges to give another heterocycle 3.4.
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HCIO,

Scheme 1

The 2-bromo-N-(quinolin-8-yl)propanamide (3.2) underwent cyclisation reactions
through C-N bond formation in methanol in the presence of different metal salts of
copper(Il) and nickel(II). The reactions are found to be highly solvent dependent and
also metal dependent. When copper(Il) salts were used in methanol exclusively
cyclised product 3.9 in the form of salt of the corresponding ions were obtained via C-
N bond formation. When the cyclisation reactions were attempted in ethanol with
copper(Il) salts, no cyclisation of 3.2 was observed, but nucleophilic substitution
leading to C-O bond gave compound 3.10. It is also observed that the intra-molecular
cyclisation reaction of 3.2 is promoted by nickel(II) salts and the compound 3.11 is

formed in both methanol and ethanol (scheme 2).
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3.2 3.9 3.10 3.11
% ratio of product 3.9: 3.10: 3.11

M = Cu, R=CHjs; 100 Y 0

M = Cu, R=CH4CHj; ) 100 0

M = Ni, R=CH3CH,, CH3; 0 0 100

Scheme 2
The synthesis, characterisation and the anion binding properties of urea and

carbamide derivative 4.1, 4.2, and 4.3 of quinoline are presented in chapter 4. These
compounds are synthesized by reacting phenylisocyanate with the corresponding
amino or hydroxyquinoline. Urea and carbamide derivatives are classified with

dicarboxylic acids.
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The urea derivative, 1-phenyl-3-(quinolin-5-yl)urea (4.1) is crystallized with different
dicarboxylic acids such as fumaric acid (4.4), maleic acid (4.5), 1,4-phenylenediacetic
acid (4.6), malonic acid (4.7), phthalic acid (4.8), terephthalic acid (4.9), adipic acid
(4.10) and pyridine 2,3-dicarboxylic acid (4.11) to obtain either the salt or co-crystal
of the corresponding acid as shown in scheme 3. These salts or co-crystals can be
distinguished from their optical spectra. Generally the co-crystals are colourless
whereas the salts are yellow in colour.

The mineral acid binding of the receptor 4.1, 4.2, and 4.3 lead to the formation of
symmetry non-equivalent molecules i.e., the existence of more than one molecule in
the crystallographic asymmetric unit. The number of molecules in the asymmetric
unit is represented by the symbol Z'. For example, in case of the receptor 4.1 the
aumber of molecules in the asymmetric unit (Z") changes from 1 to 3 on coordination

with perchlorate anions. The detailed analysis of the structures of all the receptors and
the salts are discussed in this chapter.

2:1 CO-CRYSTAL (4.4)

1:1 SALT (4.11) 1:1 SALT (4.5)

FUMARIC

ACID
PYRIBINE-2,3-DI
CARBOXYLIC ACID MALEIC

ACID
R 2
HNJ\N
H

1,4-PHENYLENE

ADIPIC ACID CcID
211 COCRYSTAL +————— DIACETICACID _ 5.1 co-cRysTAL
(4.10) Nz (4.6)
4.1 MALONIC
TEREPHTHALI ACID
ACID PHTHALIC
ACID
2:1 CO-CRYSTAL ' 2:1 SALT (4.7)
(3.9)

1:1 SALT (4.8)
Scheme 3

In chapter five the synthesis, characterization and guest inclusion property of a

diquinoline receptor (5.2) is presented. The diquinoline receptor 5.2 was synthesised
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in multiple steps. In the first step an ester derivative of 8-aminoquinoline was
prepared by reacting with methylbromo acetate and the ester group is reduced to
obtain an alcohol 5.1. The alcohol derivative 5.1 thus obtained, was treated with

catalytic amount of manganese(Il) acetate to give dimerised derivative 5.2 (scheme

4).

C.

NH
NS
| /\COOCH 1. K,CO,. Acetone Cat. Mn(OAc)z @ P

2. NaBH4, MeOH/ THF MeOH

(0

HNj

HO'
5.2

Scheme 4

The diquinoline receptor 5.2 is also crystallized and its crystal structure is studied.
The crystal structure of 5.2 when viewed along ‘a’-crystallographic axis we have
observed that the molecule adopts a single helical structure. The receptor 5.2 is also
crystalized with two mineral acids namely perchloric acid and nitric acid. The
crystallographic structure shows that on treatment with perchloric acid, 5.2 forms a
salt (5.3), where the two quinoline N atoms are protonated, whereas in the case of
nitric acid a co-crystal (5.4) is formed. The helical structure of the molecule 5.2 is
retained after the inclusion of the perchlorate anion in the fold of the helix. The
perchlorate anion does not disturb the assembly of intermolecular hydrogen bonding
of the molecule 5.2; instead the anion is encapsulated inside the cavity formed by the
helical arrangement of salt 5.3. The co-crystal 5.4 also adopts a helical shape.

In chapter six the in-situ formation of co-ordination polymer and a dinuclear complex
of sodium and cadmium with 2-(quinolin-8-yloxy)propionic acid are reported. The
co-ordination polymer of sodium (6.1) was synthesized by the reaction of 8-
hydroxyquinoline and 2-bromopropionyl bromide in presence of sodium hydroxide.
The co-ordination polymer 6.1 on reaction with cadmium acetate gave another co-
ordination polymer of cadmium (6.3). A dinuclear complex 6.2 was obtained by the
reaction of dilute perchloric acid with co-ordination polymer 6.1 as illustrated in

scheme 5. The crystal structures of all these complexes are studied. The co-ordination

TH-1869 08612201 .



polymer 6.1 and the dinuclear complex 6.2 are found to be a fluorescent sensor for

selective detection of some metal ions.
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Aqua-bridged dinuclear
complex 6.2

Each chapter has the spectroscopic details of the compounds along with
synthetic methodology. Pertaining literature are included at the end of each chapter.
The crystallographic data for all the structures that have been discussed in this work,

except those, which are used as references are tabulated in the appendix section

towards the end of the thesis. Details of the instruments used are given at the appendix
section. A brief summary on the finding of the presented work is compiled at the end

of the thesis. The CIF of the crystal structures are presented in terms of electronic data

ina CD.
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Chapter 1

Introduction

1.1 General features of quinoline and its derivatives

Quinoline is an organic base first obtained from coal-tar in 1834 by F. Runge'. Later
Gerhardt? extracted quinoline by distillation of cinchonine, quinine and other
alkaloids reacting with caustic potash. It is a tertiary base with pKa 4.85% has a

resonance structure as shown in figure 1.1.

Figure 1.1: Resonance forms of quinoline molecule

The utility of quinoline derivatives in the areas of medicine, food, catalyst, dye,
materials, refineries and electror;ics is well established. 8-Hydroxyquinoline is one of
the most extensively studied derivatives of quinoline because of its unique structural
properties. In neutral solution, the hydroxyl group is in the protonated form with pKa
9.89 and the nitrogen is not protonated with a pKa 5.13.* 8-Hydroxyquinoline is
commonly used as chelating agent>”’ and is also used in organic light emitting diodes
(OLED).*'® The versatility in the structure of 8-hydroxyquinoline molecule is
depicted in the figure 1.2.

hydrogen bond

donor metal binding
‘\_\domain
OH hydrogen bond

N acceptor
=
/ . electron deficient
electron rich moiety

moiety

Figure 1.2: Versatility of the 8-hydroxyquinoline molecule
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Introduction

It is also used in fluorometric determination of metal ions. 8-Hydroxyquinoline does
not show fluorescence in most of the solvents, and on compléxation with some metal
ions its fluorescence is enhanced. The poor fluorescence emission of 8-
hydroxyquinoline is attributed to a photoinduced tautomerization reaction (Scheme
1.1) followed by deexcitation of the tautomer. Such process occurs mainly via a non-

. e 11
radiative route.

AN o
| 2
Z hv o
N\ — e S ~Nf I
N0 \
H H-- O

Scheme 1.1: Photoinduced tautomerization of 8-hydroxyquinoline

8-Aminoquinoline (1.1) is another important derivative of quinoline. 8-
Aminoquinoline is a prototype for many antimalarial drugs*®>* such as primaquine,

tafenoquine and pamaquine.

1.2 Synthesis and reactivity of quinoline derivatives

Quinoline derivatives are generally synthesized by various name reactions such as
Friedlaender synthesis, Skraup synthesis, Combes synthesis etc.

The starting materials for Friedlaender synthesis of quinoline are ortho-aminoary]
aldehydes or ketones and a ketone possessing a-methylene group. After an initia]
amino-ketone condensation, the intermediate undergoes base- or acid-catalyzed

cyclocondensation to produce a quinoline derivative as illustrated in scheme 1.2.13-17

o) Ry
0 R

Ri + Rz\)J\ - P
Rs N” R

NH,
R1 = -CH3. -H
Rz = -COCH3, -COzEt
R3 = -CH3

Scheme 1.2: Friedlaender synthesis of quinoline
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Introduction

In the Skraup synthesis of quinoline; aniline is heated with sulphuric acid, glycerol,

and an oxidizing agent like nitrobenzene to yield quinoline (scheme 1.3).1%19

OH

©\ HO\)\/OH N
> |
NH, H,SO, N*

PhNO,

Scheme 1.3: Skraup synthesis of quinoline

Another method for synthesis of quinoline is the Combes synthesis, where
unsubstituted aniline is condensed with a pB-diketone to form substituted quinolines

via an acid catalyzed ring closure of an intermediate Schiff-base (scheme 1.4)%°

o o 0 CHs

i e NS g R NG o
o - 7
NH,  -H0 NZ “CH, -H20 N~ “CH

Scheme 1.4: Combes synthesis of quinoline

3

Based on these synthetic methods, Kouznetsov et al. mentioned that there are
conceptually only two approaches towards the construction of quinoline. The first one
relates to the use of the aromatic primary amine as the nucleophilic component
providing nitrogen as the C-C-N unit whereas the second one employs the ortho-
substituted anilines as the C-C-C-N unit."?

Quinoline is basic and therefore aromatic electrophilic substitution occurs on the
homoaromatic ring as the heteroaromatic ring is deactivated due to protonation.?!
Substitution is preferred at C-5 and C—8 as the intermediates can profit from
resonance stabilization without disrupting the aromaticity of the heteroaromatic ring.

Some typical examples of aromatic electrophilic substitution reaction of quinoline are

shown in scheme 1.5.%

TH-1869_08612201
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NO,
H,S0,, HNO3 N =
N/ + N, 1:1
NO
Br 2
Nig N T N”
Br
SOzH

H,S04, SO, N \
— + =
90°% 2 N
N SOzH
major

Scheme 1.5: Aromatic electrophilic substitution reaction of quinoline

Quinoline also undergoes nucleophilic aromatic substitution predominantly in the 2

position; such substitution with alkali metal amides to give 2-aminoquinoline is

known as Chichibabin reaction (scheme 1.6).2

m NaNH, , liq. NH, m
~ > b
N N~ "NH

Scheme 1.6: Nucleophilic aromatic substitution of quinoline

2

Quinoline can be selectively reduced at 1,2-bond by reaction with lithium aluminium
hydride but the 1,2-dihydro quinolines are unstable and disproportionate easily to give

quinoline and 1,2,3,4-tetrahydroquinoline (scheme 1.7).2*

Xy  LiAH, N m @\/j
—_— S +
N/ N Nig N
N H

Scheme 1.7: Reduction of quinoline by LiAlHq

Quinoline and its derivatives can be converted to 1,2,3,4-tetrahydroquinolines by
catalytic hydrogenation with ruthenium complex. (scheme 1.8).%°
AN Ru-catalyst
_ + H, —
N 2,20 °C, 12h N
H
Scheme 1.8: Catalytic hydrogenation of quinoline

TH-1869_08612201 4
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Introduction

Quinoline also undergoes oxidative cleavage in alkaline KMnO4 to give pyridine-2,3-

dicarboxylic acid which further decarboxylates to give nicotinic acid (scheme 1.9).%°

X alk. KMnO,4 @COOH ~COOH
- —_—
N/ 2 I —

N~ ~COOH N

Scheme 1.9: Oxidative cleavage of quinoline

The nitrogen atom of the quinoline ring also can be protonated, alkylated or oxidized

in order to modify the reactivity at the pyridine unit.?’

1.3 Catalytic activity of quinoline complexes

Metal complexes of quinoline derivatives have wide applications as catalyst for
different types of organic reactions. A few of the organic reactions catalyzed by
quinoline based metal complex are discussed here.

Aerobic oxidative dehydrogenation of benzylamines to the corresponding
benzonitriles is carried out by ruthenium complex of bezoquinoline under mild

conditions (scheme 1.10).28

CN Ra. PF
/©/\NH2 Ru Catalyst - /©/ ‘ rL"CI 6
9
L

Scheme 1.10: Oxidative dehydrogenation using ruthenium complex of quinoline

derivative
Polymer-supported heterogeneous catalysts in the form of complexes of 8-

hydroxyquinoline with cobalt acetate is used for oxidation of alkenes (scheme 1.1 1).%
QoS
catalyst, O, >—CHO
H
- JFONON%}NO i

bis(8-hydroxyquincline)cobali(il)- -polymer

R=H -CHy -OCH,
Catalyst

Scheme 1.11: Catalytic oxidation of alkenes

TH-1869_08612201 3
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Ring-opening polymerization of e-caprolactone and rac-lactide is catalyzed by zinc
and aluminum complexes supported by quinoline-based N,N,N-chelate ligands

(1.2).*° Iron, cobalt and nickel complex of quinoline derivative (1.3) are reported to be

very efficient catalyst for ethylene polymerization reactions.?!2
g
> NN
e N ’M‘
N N l 'v,’N
N-_| ci T
/, Zn—
Ph 2P/ I CH,CH; R
N
| R M= Fe, Co, Ni
\ R=-CHj,,-H
1.2 1.3

Palladium complex of 8-hydroxyquinoline is used as a catalyst for the Suzuki-
Miyaura reaction as shown in scheme 1.12.33

X
N/
|
Ar—Br + @—B(OH)Z _Catalyst Ar o, paz°
K2COs R c
BU 4 Bu
Catalyst

Scheme 1.12: Suzuki-Miyaura reaction

A quinoline-ﬁmctionalized N-heterocyclic carbene complex of iridium is an active
catalyst in the transfer hydrogenation of ketones to yield alcohols using 2-propanol as
the hydrogen source.”* Palladium complexes of 8-(di-tert-butylphosphinooxy)
quinoline are efficient catalyst precursors in the coupling of the phenylboronic acid
with aryl bromides and chlorides.”

The Sonogashira coupling reaction of terminal alkynes with aryl halides is also

catalyzed by a quinoline-2-carboimine palladium complex3 6 as shown in scheme 1.13,

TH-1869_08612201 6
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— Rz pg2ac-mMcMm =
R,—C=C-H + x—@ - R1—CEC—@

Ry = -H, -OCHs, -CHs, -Br
Rz = -H, -CH3, -OCH3, -NH2, -COCHs, -N02

on H
O_BSi"\/\N’ s
-0 : N =~
OH ACO’ \OAC
Pd-2QC-MCM

Scheme 1.13: Sonogashira coupling reaction of terminal alkynes

Ruthanium complex of quinoline derivative (1.4) is found to be an active catalyst for
olefin metathesis reactions.”” Olefin polymerization reactions are also efficiently

catalyzed by chromium (III) complexes of quinoline derivative (1.5).%8

MeS’NT ~SMe

‘Ru
ci” ‘

1.4

Organometallic complex of 8-methylquinoline and palladium is used as catalyst for

carbon-carbon bond formation by Heck reaction.’® Enantioselective hydrogenation of

alkenes are catalyzed by Iridium complex of quinoline derivative (Scheme 1.14).4

+

Ph3P N L |BAr
\ Ir catalyst
CH2012 RT

R = S(t- au)Me, Si(+-Bu)Phy

BAr:" = tetrakis[3,5- blS(Il’iﬂuoromethyl)phenyn
borate Catalyst

Scheme 1.14: Enantioselective hydrogenation of alkenes

Palladium complex of benzoquinine serves as an effective pre-catalyst for the
selective halogenation of C-H bonds.*! Electrochemical reduction of carbon dioxide ig

also catalysed by palladium and cobalt complexes of quinoline derivativeg 42

TH-1869_08612201 7
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Quinoline based Schiff-base complex of aluminium is a very good catalysts for

ethylene polymerization reactions.*

1.4. Pharmaceutical application of quinoline derivatives

The bark of Cinchona plant containing quinine was utilized to treat palpitations,
fevers and tertians since more than 200 years ago.44 Compounds containing quinoline
motif are most widely used as antimalarials, antibacterials, antifungals and anticancer
agents. Additionally, quinoline derivatives find use in the synthesis of fungicides,
virucides, biocides, alkaloids, rubber chemicals and flavouring agents.*>’

Quinoline containing antimalarial drugs, such as chloroquine, quinine, primaquine,

quinacrine and mefloquine (figure 1.3) are the mainstays of chemotherapy against

48-54
CF,

J\/\/ Fsc N\

S e
HN N =

x | Ny

= OH
| P o~
Cl N

Chloroquine Primaquine Meflaquine
= cl Ny
75 o/
HO N NH
5 7
N” N

Quinine /I Quinacrine

malaria.

Figure 1.3: Some well known antimalarial drugs containing quinoline as structural
back-bone.
Apart from these well known drugs a number of quinoline derivatives (1.6, 1.7, 1.8,

b . 4 155
1.9) are being studied and their antimalarial activity is established.

Cl

H H H —
N/_‘\ N\/\/N\/\/N \ /N
N/ \ N/\/\N/__\N/\/\N/\©/0\©
=/ H s/ H
Cl Cl
6 1.7

l.
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Cl

I N/\ cl I N/\ cl \Q:%
REIPPRAS :

\_\

N N N x —
~ L_IMLJ | N\/-\H g\ /EN

\ N
N (o] (o) =
Cl E
Cl

Cl

1.8

A number of quinoline compounds (1.10, 1.11, 1.12) have been used as anti bacterial
drugs against various diseases such as tuberculosis etc. 6%

OH (o]

Cro < m }k
z NOH (N CH2CH3
N cRs N N CHCH,

1

CF3

1.10 1.11 1.12

= -Ph

Boron-containing quinoline compounds (1.13, 1.14) termed borinic acid quinoline
esters are synthesized which shows remarkable antibacterial activity. These boron-
containing compounds have broad-spectrum activity against several pathogenic

strains of both Gram positive and Gram negative bacteria.®’

| X
/—R
L0 U
R
IN\ SN =
G
R

R = 4F, -4Cl, -3Cl, 4MeO R = -H, -2Cl, -3Cl, -4Cl, -3F, -3CN

1.13 1.14

Quinoline derivatives are also used as antifungal agents.m'62 A numb.er of 2-
substituted indoloquinolines (1.15, 1.16) have been synthesized and they are found to
be very good antifungal agents.®® Ring substituted 4-hydroxy-1H-quinolin-2-one
derivatives (1.17, 1.18) are reported to be active as antifungal agents.** These
compounds show a significant similarity to some novel antifungal agents such as

homoallylamines, and therefore possess remarkable antifungal activity."’l

TH-1869 08612201 9
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CHy |© CHs 0
N N
SRNVe ewPe
= =
N NO. @
H 2 'l:l' S
1.15 1.16
OH O /@COOH
HOOCD\)Y\” " oy © NO,
HoOC . I I
R N"So NN ci
R=-H, -OH I':II (o]
1.17 1.18

Many naturally occurring quinoline derivatives are also known for their anticancer
activity.65 8¢ Indoloquinoline alkaloids such as cryptolepine and neocryptolepine (1.19
and 1.20) are naturally occurring plant product that possess anti cancer activity.’

CHy

N\ I\
duLe o
N~ F NN
H Ho Gh,
cryptolepine(cation) neocryptolepine(cation)
1.19 1.20

1.5. Supramolecular chemistry of quinoline derivatives

Apart from their various other important applications in chemistry and biology,
quinoline derivatives find a wide range of applications in supramolecular chemistry.

8-hydroxyquinoline exists as a dimer in solid state by formation of bifurcated

hydrogen bonds as shown in figure 1.4a.

(a) (b)

Figure 1.4: Hydrogen bonding pattern in (a) 8-hydroxyquinolines and (b) alkyl-
bridged bis-8-hydroxyquinolines

TH-1869 08612201 10



Introduction

The alkyl-bridged bis-8-hydroxyquinolines forms hydrogen bonded polymers upon
crystallization (figure 1.4b).%® The conformation of the hydrogen bonded polymer can
be influenced by introduction of spacers with either odd or with even numbers of
carbon atoms in the bridge. With an odd numbers of carbon atoms, such polymers
adopt zigzag conformation; while with even numbers polymers adopt a double-wound
structure.® 7
Kemp’s triacid binds selectively 8-substituted quinoline. For example it forms co-
crystals with 8-aminoquinoline and 8-hydroxyquinoline through formation of

intermolecular hydrogen bonds as depicted in figure 157

= X
NZ ql:
N
o HoH., oH-.. e ",
Ox H, § “0= S 0 0 o} o
o 0 ""'.O .““..‘ o o ''''' @:
N, — S K e}
oy 3 Oy o Q g
HoH o N 4o
d
X N X
(@) (b)

Figure 1.5: Co-crystals of Kemp’s triacid with (a) 8-aminoquinoline, and (b) 8-
hydroxyquinoline

1.5.1 Ether linked quinolines

Ether linked quinoline derivatives have been used as podand-type receptors for the
recognition of many metal cations since 1970s.”* Attachment of rigid terminal groups

bearing donor centres to oligoethylene glycol units affords neutral ligands which

readily form stable crystalline complexes with alkali and alkaline earth metal ions in

the same way as the cyclic crown ethers. Suitable terminal groups such as 8-
quinolyloxy is used for the synthesis of such ligands (1.21).>7¢ Apart from the
terminal group donor effect, geometrical and steric factors also play a role in guest
encapsulation. For example, the compounds 1.22 (X = C-NO3, and X = C-OCHas)
bearing an adequate number of proven donor atoms neither form crystalline

complexes with alkali metal salts nor do they transfer alkali metal permanganates into

TH-1869 08612201 1
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organic phases. This is because of the fact that the substituents apparently blocks

approach of lignad for complexation.”

g
rP\o/im X
O o o (¢)
P I 7 P4 I 4
(n=0-6) X= -N, -CH,-COCHj, -CNO,
1.21 1.22

In case of ligand 1.23, it is found that the terminal methyl group does not play a role
in the complexation with metal ions; this is easily rationalized in terms of the helical

structure of the ligand in the complex. The terminal quinoline moieties are also been

attached by ester groups instead of ether groups (1.24).”

U@

C@ D ©@

1.24

The podands 1.25, which contain two pyridine rings as central unit and are therefore
rigid enough to form crystalline complexes of alkali, alkaline earth, and transition

metal ions. They can also form host-guest complex with urea and thiourea, with
74

unusual ease.
A Z
L o o

N N anVan

o fo) (o] O O-R hthvi

= -1-Naphthy
Ny N NS -Phenyl
= ™ / - Methyl
1.25 1.26

The tetra- to hexadentate neutral ligands containing a 8-quinolyloxy group, on the one

side and a poor coordinating group such as naphthoxy, phenoxy, or methoxy group

(1.26) on the other still can coordinate with various salts.”®
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Acyclic ligands having cryptand properties containing quinoline moiety (1.27) are
reported to be excellent complexing agent for heavy metals. These types of neutral
ligands have been designated as open-chain cryptands and they do indeed exhibit
cryptand analogous complexation and phase transfer behaviour.” Quinoline based
tetrapodand ligands (1.28) are also synthesized and their complexing ability is found
to be lower than those tripodand ligands. This is because the four large terminal

groups probably offer steric hindrance to complexation of small cations.®

A %

s %@)Q&?

1.27 1.28

Tripodal hexadentate ligands (1.29), having three 2-methyl-8-hydroxyquinolyl groups
as binding sites, binds to trivalent metal cations to form 1:1 complexes, and showed

. . 81
selective extractability for Ga®* among trivalent cations of group 13 elements.

1.29
The synthesis and photophysical studies of a fluorescent sensors for Mg®" ion based
on diaza-18-crown-6 appended with two hydroxyquinoline groups bearing different
substituents have been reported.®**> These molecules are effective chemosensors for
different ions; in particular, some of them have high specificity for Mg>* with
negligible interference by Ca?*. The macrocycle fluoresces in the presence of Mg**
but not with other alkaline earth metal ions. The high sensitivity of the receptor 1.30

for magnesium and the strong response by fluorescence enable the use of this

TH-1869 08612201 13
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compound for the detection of the divalent ion under strongly competing conditions.

The magnesium ion is even sensed within the living cells.**

NO, o/_'\o
Q%L m S SN
\N N N
OH Q—o o—)

/

1.30 1.31

The replacement of the chlorine atoms on the 8-hydroxyquinoline moieties in 1.30
with nitro groups yields a compound 1.31 which is an effective fluorescent
chemosensor for Hg** even in the presence of other metal cations, including Mg2+.
These types of crown ether conjugate of quinoline can stabilize metal ions through

different modes of interactions as depicted in figure 1.6

Figure 1.6: Different modes of interaction with metal ions of quinolinenate conjugate

crown-ethers.

Meta-xylene spacer is used for the synthesis of receptors that can form compact,

trinuclear circular helicate with silver (I) cations (scheme 1.15).85

%63 LJ

N N
Scheme 1.15: Quinolinate ether ligands form a trinuclear circular helicate with silver

ion (only schematic representation of the coordination compound is shown).
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Ag(I) complexes containing the new highly flexible ligand O, O-bis(8-quinolyl)-1,8-
dioxaoctane forms a linear polymeric structure with alternating configuration at the

metal complex unit as shown in the scheme 1.16.%¢

o

N O°

X

N° O
\O N
M+ OXN
7/ S Ny NRO/
= N o\
O, N
soﬁN
Scheme 1.16: Quinolinate ether ligands form a polymeric structure with silver ion

(only schematic representation of the coordination compound is shown)

Calix[4]arene receptor modified with 8-hydroxyquinoline (1.32) through ether linkage

exhibits luminescence and supramolecular energy transfer properties in the presence

of coordinated Eu’* and Tb** ions.*’

1.32

1.5.2. Amide based quinoline derivatives

Amide substituents are also added to hydrOquuinoline to introduce an additional
hydrogen bond donor/acceptor units.®® The introduction of a hydrogen bond
donor/acceptor unit to 8-hydroxyquinoline as a substituent results in the formation of
an intra-molecular hydrogen bonding and suppresses the formation of ten-membered
rings as observed for 8-hydroxyquinoline. Thus, in this case a polymer is obtained

which is connected by only one inter-molecular hydrogen bond between the amide

NH and the aromatic nitrogen atom of quinoline as shown in figure 1.7.
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R= -nC5H13

Figure 1.7: Hydrogen boned polymer of amide derivative of quinoline.

8-Hydroxyquinoline derived amides and study of their structural and acid recognition
properties in solid and solution state are reported.®” These types of receptors can adopt
different orientations around the guest molecules; for instance one can encapsulate a
guest anion by a head to head arrangement and other can adopt a head to tail
arrangement as illustrated in figure 1.8. Various short range interactions that stabilize
the host-guest complex are also described. These types of receptor can form either gel

or a crystalline salt with different mineral acids.
0 E & 1 Nj
\I O H ' ™

N @ [ j N

\ !\N HN LN O

| 00 X 0
% Y

0

Head to Head arrangement

Head to Tail arrangement

Figure 1.8: Head to head and head to tail arrangement of receptors
Oligomers of the amide derivative of quinoline are synthesized and its helica]

orientation is established. When a (1S)-(-)-camphanyl moiety is introduced to such g

oligomer (1.31, 1.32), helix handedness is completely shifts to right-handed helicity *°

oBu OiBu QiBu
OMe - o ~
N” N N
NH 0 NH e} O HN
3 3

1.33 1.34
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Both the oligomers are crystalline and their helical structures in solid state are

illustrated. The helical orientation of the trimer (1.33) and the hexamer (1.34) are

shown in figure 1.9.

ol

Figure 1.9: Structures of (a) right-handed helical trimer and (b) hexamer.

Tetrapodal ligand containing 8-hydroxyquinoline (1.35) is reported which can form
water soluble chelates with lanthanide ions such as Nd** and Yb’". Its lanthanide

s - 91-92
complexes are reported to be good sensitizer of the NIR Juminescence.

N 2

OH O

Ceadiina e

1.35

A copper complex of amide functionalized quinoline moiety as fluorophore has been

fo) .0
Hydrogen bonding — =
N

array for anion
sensing q& T

O NH HN

used for anion recognition.

Va:ant site for
™ anion recognition

&
*
o@i):) QQ\@

Figure 1.10: Structural modification of the receptor 1.36, on coordination with copper.

The anion recognition behaviour of the receptor (1.36) and its copper complex (1.37)

has been studied and the copper complex is found to shows high selectivity toward

TH-1869 08612201 1
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acetate over other anions such as fluoride, chloride, bromide, iodide, DL-malate, L-
mandelate, benzoate, isophthalate, phosphate, nitrate and sulphate.” The ligand
undergoes structural modification on coordination with metal so that the anion
binding is more favourable in its modified form (figure 1.10).

Another amide based quinoline receptor 1.38 bind anions with a selectivity of fluoride

> cyanide > acetate and proved to be an efficient naked-eye detector for the fluoride

94
NN
OzN—Q—NH N
o;

1.38

Boron complex appended with hydroxy and amide groups as proton donors and with

and cyanide ion.

quinolines having both proton acceptor and optical response (chromophore) properties
has been synthesized. It’s binding and the recognition ability with various anions is
studied. The complex is found to be selective in recognizing phosphate anions.”> The

complex and its host-guest complex is shown in figure 1.11.

H* NEt,

1.39 1.40
Figure 1.11: Boron complex having quinoline based amide derivative (1.39) and its

host-guest complex with phosphate anion (1.40).

Quinoline containing receptors (1.41, 1.42) having multiple binding sites linked with

both amide and ether linkage are also synthesized and their binding property with
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various carboxylic acids are studied. Receptor 1.41 is able to distinguish hydroxy
dicarboxylic acids from their non-hydroxy analogues and also aliphatic dicarboxylic
acids from aromatic diacids.”® Among various carboxylic acids, the receptor 1.42
shows high affinity towards tartaric acid and can be detected by fluorescence
spectroscopy. The tartaric acid can be accommodated within the molecule 1.42 with

numerous hydrogen bonding and forms a 1:1 host-guest complex 1.43.°77

OR OR
°§/©\(° OYQYO °>/©\<°
~NH HN N ~NH HN I N N\H.' “.H_N N
L _n N~ L~ N~ 2N o pNF
H. X _ O
° o
(o) o O o
E D N H oy
N
(o) o) N P N\ /N
N N == == _ —_
N 2
— ey R=C3H17 R=CsH17
1.41 1.42 1.43

Dicationic receptors having amide functionality and quinoline moiety (1.44) have
been synthesized and its anion binding abilities are compared with the neutral
analogues. It is found that the cationic species binds anion much strongly than that of
the neutral analogues; although the cationic species studied are relatively more

hindered. The most important contribution to this stronger binding is the electrostatic

. . e 98
attraction of anions to dicationic receptors.

X
o) I N o
2
i &
1.44

Amide based receptor of quinoline can be tuned to form nanocage structure which can

be used as artificial chemosensors (scheme 1.17). This type of nanocage is used for

. . 99-100
fluorescent detection of nucleosides.
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Metal-tunable functional site
and signaling unit

\ Guest interaction site
and communicator

Scheme 1.17: Formation of nano cage from quinoline based amide receptor.

A new series of siderophore analogs based on the TREN (tris(2-aminoethyl)amine)
spacer and related to sulfoxine subunits have been synthesized where the TREN
backbone is connected through a trisamide moiety to the 2-position or the 7-position
of sulfoxine. The structures of the two derivatives were named N-TRENSOX and O-
TRENSOX, respectively (1.45 and 1.46). The O-TRENSOX is more selective

towards iron than N-TRENSOX and it is used as iron sequestering agent.'?'"'%?
/’\ NH
i / SO;Na
NEOSS SOgNa Nao3 o ~ 3
I N
SO;Na Nt \ SO:,Na
O-TRENSOX N -TRENSOX
1.45 1.46

1.5.3 Urea based quinoline derivatives

Urea and thiourea groups are excellent receptors for oxoanions such as carboxylates
and phosphates to which they can donate two hydrogen bonds.'” Receptors having
both urea and amide functionality (1.47) have been synthesized and their anion
binding property is explored (figure 1.12). These receptors are more selective towards

small halide anions in comparison to the large halide anions.'™
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OtBu
>
N
O NHO NHR'
NHR
1.47

Figure 1.12: Encapsulation of spherical halide anion by a quinoline based urea
derivative
The urea and amide derivative having quinoline moiety (1.48, 1.49, 1.50) have been
compared for anion binding abilities. In all the derivatives, two acidic protons form
intramolecular hydrogen bonds to the pyridine nitrogen atom and therefore are pre-
orientated for an attractive interaction with anions. The amide receptor 1.48 binds
chloride at room temperature in chloroform in a 1:1 ratio with very low association
constant (Ka = 76 M™). In contrast to the amide derivative 1.48, the urea derivatives
1.49, 1.50 possess an additional hydrogen bond donor orientated toward the anion
binding site. This one is not involved in hydrogen bonding and can strongly bind an
anion, which is located “in front” of the receptor. Consequently, the binding constant

increases. The urea receptor shows high affinity towards fluoride over other

halides.'®
\(O ]
S B
X = O
- O N
- o N
N o N/ N OYN W CeH
o 7 “ N s \ CgHia H 6113
H H GCeHis Y H B e N. O
N H
O CgHyy” H O ©/
1.48 1.49 1.50

The fluorescent anion receptor 1,51 based on a quinoline backbone and on amide and

urea side chains reveal a high affinity for fluoride over chloride and bromide.'®
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1.5.4. Diquinoline derivatives as host

Diquinoline molecules exhibit many interesting supramolecular features depending on
the nature of the substituent present. For instance, the molecule 1.52 adopts a dimeric
structure through a centrosymmetric edge-edge C-H-~N interaction. However, in case
of the molecule 1.53 such dimeric assemblies are not observed, instead a totally

different m - halogen interaction stabilizes the structure (Figure 1.13).'%

Figure 1.13: Examples of packing motifs commonly encountered among diquinoline
compounds

The diquinoline hosts are generally consist of three basic structural sub-units: planar

aromatic wings, central linker group, and exo-sensor groups as depicted in figure

1.14 108-109
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Figure 1.14: General features of diquinoline hosts

Many diquinoline derivatives have been synthesized and their host-guest chemistry is
studied. Despite the close similarity of the host molecular structures, their

supramolecular host-guest chemistry varies considerably.

1.54 1.55

Compound 1.54, for example, shows widespread inclusion behaviour in which two
molecules of the host wrap around each guest enclosing it within a molecular pen
(figure 1.15).110 However, investigation of its chlorinated analogue 1.55 revealed an

almost complete loss of inclusion properties.107

Figure 1.15: Encapsulation of acetone molecule by a diquinoline host 1.54
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When the central linker is modified to yield another chloro-substituted diquinoline
dibromide 1.56, its guest inclusion property remarkably changes. Diquinoline
derivative 1.56 is a versatile host molecule that includes guest molecules of different
functionality in several different ways. The inclusion properties of 1.56, and the ways

that it achieves these, are very different from those of its non-chlorinated parent,

1.57.11

1.56 1.57
V-shaped diquinoline molecules are designed to have a degree of conformational
flexibility and thereby allowing their compatibility with potential guest molecules or
important intermolecular attractions. The sulphur-bridged compound 1.58 produces
lattice inclusion compounds containing chloroform, dibromo-methane, water, and
methanol which is in marked contrast to the non-inclusion characteristics shown by its
corresponding oxygen analogues 1.59. The inclusion of a dibromomethane molecule

by two molecules of 1.58 is shown in figure 1.6 11413

CC 0 Cos
SN & SN Z

1.58 1.59

Br H_
'”-"'""\!/""""

Figure 1.16: Encapsulation of dibromethane by sulphur-bridged diquinoline derivative
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The tetrabromo (1.60) and tetraiodo (1.61) derivative of diquinoline has proved to be
an excellent host for inclusion of a wide variety of small molecules such as
dichloromethane, benzene, tetrahydrofuran, 1,1,2,2-tetrachloroethane, 1.1.1-
trichloroethane, 1,1,2-trichloroethane, toluene, and ethyl acetate.!' The inclusion of

benzene molecule by 1.60 is shown in figure 1.17.

Figure 1.17: Encapsulation of a benzene molecule by a tetrabromo diquinoline

host 1.60.
Biquinoline linked B-cyclodextrin dimmers (1.62) have been synthesized and their
metal complex are prepared (1.63). These receptors are found to be efficient

. « 5 115
fluorescent sensors for the molecular recognition of steroids.
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1.5.5. Schiff-base derivatives of quinoline as host

D-glucosamine group is linked with a quinoline moiety to form a receptor that can
selectively recognize mercury(II) ion. The receptor in its free form shows a very weak
fluorescence intensity which is enhanced drastically on addition of Hg?* jon. The
conformational change in the receptor on addition of mercury ion is shown in scheme

1.18. Further this receptor is used for fluorescence detection of Hg?" ion in natural

water.''¢
OH
OH
HO °
OH Hg**
—_—
OH NI
N
‘ ~N
Z

Fluorescence OFF Fluorescence ON

Scheme 1.18: Encapsulation of Hg2+ ion by the Schiff-base derivative of quinoline

leading to fluorescence enhancement.

Quinoline based Schiff-base (1.64 and 1.65) are also used for selective fluorescent
detection of Zn* ion which are highly selective for Zn?" over biologically relevant
alkali metals, alkaline earth metals and the first row transition metals such as Mn?*
Fe?*, Co** and Ni** in buffered aqueous DMSO solution.'"’

Quinoline moiety is also
linked with thiacalix[4]crown to sense Hg”* and Zn®* jons.''®

H
Coatrn D
|
N\ | /N\N O o N =~ x> /N\N
H H

1.64

The Schiff-base receptor 1.66 is used as both visual and fluorescence sensors for Zn**
ion. The receptor is capable of selectively recognize Zn®* in presence of other metal
1ons such as Li*, Na', K', Ag", Mg, Ca™*, Cu?", Co™", Cr™", Ni¥*, Fe?*, Cd?*, Hg?,
pp2*. The addition of Zn** to a solution of 1.66 gives a yellow coloured solution,

whereas other ions do not have effect on the colour of the parent solution.''®
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N OH OH
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1.66

Enantiomerically pure Schiff-base of quinoline 1.67 and 1.68 can form double helices
with a right or left handedness on complexation with copper (I) perchlorate. The
copper complex adopts helical structure in solution; however, they can adopt both
helical and non-helical structure in solid state.*  Further the
assembling/disassembling processes of the ligand 1.67 and 1.68 can be

electrochemically controlled by a Cu(II)/Cu(I) couple.'?!

7~ /—r: N
mNINE\% 2 Nlm

N N
4 __\ ()

Helicity - M Helicity - P

1.67 1.68

A Schiff-base receptor of hydroxyquinoline (1.69) and its cobalt complex (1.70) are
studied for recognition of various anions. The cobalt complex shows a dramatic
colour change on coordination with anions. The selectivity and sensitivity of the

: . . - 122
receptor and its cobalt complex for sensing anions are also different.

/ N o N,
N—sz =N N Y
Ny 7/ N o N/

1.69 1.70

The host-guest interactions of 1.69 and a phosphate anion is shown in figure 1.18
72 e
N-----H-0_ ,O---H-0 N,
o) O
N O-H-- 07 O-H----=-N_
Figure 1.18: Host-guest complex of 1.69 with phosphate anion
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1.6 pH sensing by quinoline derivative

Since the end groups of pyridyl N and -OH in the 8-hydroxyquinoline moiety are able
to act as a weak acid and a weak base under acidic and basic conditions,
respectively,123 this moiety appears to be able to act as the pH indicator for both acidic
and basic systems. Recently a series of 8-hydroxyquinoline-substituted boron-
dipyrromethene derivatives have been synthesized which acts as OFF-ON-OFF type
of pH-dependent fluorescent sensors. The receptors are highly fluorescent at neutral
pH and the fluorescence is quenched on both acidic and basic medium. The quenching
of fluorescence is due to the operation of a photoinduced electron transfer (PET) that
take place in two opposite directions in acidic and basic conditions as illustrated in

figure 1.19.%

BPEF a-PET

Figure 1.19: Photoinduced electron transfer mechanism in protonated quinolinium,

neutral, and deprotonated quinolinate states

1.7 Co-ordination polymers of quinoline derivatives

Coordination compounds with infinite structures have been intensively studied, in
pa diculat, compounds with backbones constructed from metal ions as connectors and
Jigands S linkers, which is termed as coordination polymer. Similar supramolecular
architectur€s are also called Metal-organic frameworks (MOFs).'?>133

pyridine carboxylic acids have been used as a good bridging ligand for the
construction of metal organic polymers."**'** Another ligand having similar
functional groups is quinoline carboxylic acid; which shows more structural diversity
in the formation of metal organic frameworks.'*'* This is because quinoline

rboxylic acid has two primary structural characteristics that help in achieving such
ca
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structural diversity: quinoline carboxylic acid have larger conjugated m-systems,
therefore n-m stacking interactions may play more important role in the formation of
their complexes. Secondly, the larger conjugated m-systems as well as the steric
hindrance of benzene rings probably weaken the coordination abilities of the
quinoline N donors. The quinoline carboxylic acids can bind to metal centres in
various modes which led to the formation of coordination polymers as illustrated in

figure 1.20.

]
a o] a 0—M \_ O
Ra S Sa S el et
/ o) # o o—M
M M
Figure 1.20: Binding modes of quinoline-6-carboxylic acid

Quinoline-6-carboxylic acid forms two dimensional coordination polymers with
nickel(II), cobalt(II) and copper(II) salts with a wave like net structure (figure 1.21a).
The coordination polymer forms uniform voids in its lattice as shown in the space fill

model of figure 1.21b."!

(a) (b)
Figure 1.21: (a) 2-D coordination polymer of quinoline-6—carboxylic acid with Nickel

(II). (b) Space fill model showing uniform voids in the coordination polymer

Quinoline-4-carboxylic acid also forms a diverse range of coordination polymer

. . . . . ; ’ 149 .
ranging from one dimension to three dimensions with various metal salts. Zn (1)

TH-1869 08612201 2




Introduction

salts forms an one dimensional coordination polymer which is further extended to a

three dimensional network through hydrogen bonding ( figure 1.22).'%
p: N
7 1“5:‘:"’5:{-’ 1 W i "\-.._._‘.b -
e iy, NG
N b

y = ) y ;.:_':-'

.—.:;%. \ ] ‘:":‘};.;_.- = e i
i .::";:I‘% P P o = -":,"’

Figure 1.22: The 3D framework formed by hydrogen bonding interactions

Quinoline based chiral ligands with functional group other than carboxylic acid are

reported to form homochiral coordination polymer. One example of such ligand and

its coordination polymer with copper(Il) is shown in figure 123,52

() (b)

Figure 1.23: (a) Quinoline based chiral ligand (b) 1-D coordination polymer extended
to 2-D through hydrogen bonds

Another quinoline derivative; 8-quinolyloxy-acetic acid, with both a flexible and a
rigid moiety, has multifunctional coordination sites which can form chelate as well as
bridging complex through N, O atoms of quinolyl and carboxylate group (figure
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Figure 1.24: Binding modes of 8-quinolyloxy-acetate anion with metals

8-Quinolyloxy-acetic acid forms a helix chain polymer with copper(Il) salt while it
forms zig-zag chain polymers with nickel(II) and cobalt(II) salts (figure 1.24).">°
Under hydrothermal condition it forms 1-D, 2-D, and 3-D coordination polymers with

lanthanide ions, namely Eu®" and Gd’" along with some other auxiliary ligand."™

Figure 1.24: One dimensional zig-zag chain coordination polymer of 8-quinolyloxy-

acetic acid with nickel (II)

In many quinoline carboxylic acids the N atom does not take part in the coordination

with metal (figure 1.25) and hence coordination polymer is not observed."’

M M

M M
7\ /N
0% 0O d. o s s Ny
M
N/ OH N/ OH N/ OH
Figure 1.25: Binding modes of quinoline-Z-hydroxy-6—carb0xylic acid

1.8. Scope of the present work

Forgoing discussions describes the various applications of quinoline derivatives in the
field of medicine, catalyst, materials, and electronics. Apart from these applications
quinoline derivatives find versatile application as a supramolecular host in both anion
and cation recognition. Among all the quinoline derivatives, 8-substituted quinolines
such as 8-hydroxyquinoline and 8-aminoquinoline are the prototype for a large
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number of supramolecular hosts. Functionalized 8-hydroxyquinoline and 8-

aminoquinoline can form important supramolecular architecture such as podand,
cryptand, lariat ethers etc®®">™. These quinoline derivatives are also used as chelating
agents for the separation of various metal ions.>”’

The quinoline derivatives have some additional advantages which make them
molecules of choice for many supramolecular studies. They contain a readily
available fluorophore, which makes the solution study much easier even in very trace
concentrations. The quinoline group contains conjugated n-systems which provide an
important contribution in stabilization of the supramolecular assemblies by n-n
interactions. It is reported that 69% of 8-functionalised quinoline shows w-m
interaction.'”® The quinoline N atom is basic in nature and thus can be easily
protonated by various guest acids. The protonated form of quinoline provides an
additional electrostatic interaction which can stabilize many anions thereby increasing
the binding ability of the host. Further to this the quinoline ring is susceptible to both
electrophilic and nucleophilic substitution reactions, which leaves a probability of
some intra-molecular substitution reactions. These intra-molecular reactions in
presence of some guests such as metal ions or some basic anions may lead to the
formation of novel supramolecular architecture. The quinoline N atom can also be
alkylated to increase the diversity of the receptors.

The amide and ester derivative of 8-amionoquinoline and 8-hydroxyquinoline
provides a pre-organized cavity by adopting a cage-like structure that can hold various
guest molecules. By applying appropriate spacer and receptors the orientation of the

quinoline moiety can be controlled. A general feature of amide and ester linked
supramolecular host in shown in figure 1.26.

| x Amide linkage e Ester linkage
N” L
Pre-organised HNZ o Pre-organised N
cavity cavity —_— o\fo
eceptorwith o I3 Receptor with o
gamepor other = same or other — B
binding site binding site

Figure 1.26: General features of ester and amide linked quinoline based

supramolecular host
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These types of receptors may form a monomeric assembly, dimeric assembly or a
polymeric assembly depending on the nature of gust, spacer and the other receptor
attached. A plausible mode of orientation of amide and ester derivative of quinoline

is depicted in figure 1.27.

>
| X=NHorO
- Guest molecule

Receptor with
‘ , ]

M same or other

Nf, === binding site

()
Figure 1.27: Plausible modes of interactions of amide and ester functionalized

quinoline derivative with guest molecules; (a) monomeric assembly, (b) dimerci

assembly, and (c) polymeric assembly

The rare-earth quinoline complexes are known for their near-infrared luminescence
S : o 159
properties, hence they find a wide applications in optoelectronic devices.”” The 8-

hydroxyquinolinate complexes of neodymium (IID), erbium (IIT), and ytterbium (III)

el . . 160-162
are known to exhibit infrared luminescence and they are also used for the

fabrication of near-infrared-emitting OLEDs.'®*"®* The tris(8-hydroxyquinolinato)-

aluminum(III) complex exhibits intense green electroluminescence and is

component in organic light-emitting diodes (OLEDs) operating in the visible

165-166

an active

region.

Heterobinuclear  lanthanide complexes — with benzoxazole-substituted 8-

hydroxyquinolines show bright near-infrared luminescence. These binuclear chelates

display highest quantum yield of near-infrared luminescence for ytterbium complexes

with organic ligand containing C-H bonds.'’
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Figure 1.28: Hetero binuclear Yb-Na chelates having bright near-infrared
luminescence

Thus, there is definite scope of the quinoline derivatives to study them as
supramolecular assemblies, host-guest interactions and the reactivity of these
derivatives under different conditions. With this background we have synthesized a
number of quinoline derivatives and investigated their supramolecular assemblies,
their guest inclusion properties in both solid and solution state. We have also
investigated the reactivity of a series of quinoline derivatives under different

conditions. The results obtained and the experimental details are discussed in the

chapter followed.
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Chapter 2

Synthesis, characterization and anion recognition
properties of amide and ester derivatives of
quinoline

Weak interactions play a vital role in most of the biological proc:esses."5 Among
biological molecules the structural features of proteins are controlled by amide bonds
and their weak interactions.’'® Inspired by the biological anion recognition process,
different anion receptors having amide bonds are systematically studied.!'!® Selective
anion binding by amide receptors is very useful in the field of sensors.'”*’ The amide
and ester derivatives of quinoline have been used as receptor for encapsulation of

different guest anions.”®™"!

As the quinoline group is a Lewis base, the nitrogen atom of the ring can be easily
protonated to form its salt and such hosts can be used as cationic receptors for anions,
hence they are a very good receptor for acids. Acid recognition is a vital phenomenon
in biology.>? Amino acids are one of the most important class of biomolecules, hence
their binding properties are of much importance. There are many receptors for
recognition of amino acids; both organic and inorganic receptors synthesized for such
purposes are studied in detail. Most of these receptors have structures that are

relatively difficult to synthesize or they are used in the form of metal complexes.*>>*

Quinoline derivatives are known for their fluorescence properties, which can be used

to study host-guest interactions.>**

This chapter deals with the synthesis and characterization of a number of quinoline
containing amide and ester receptors and the study on their comparative binding
abilities towards different acids namely amino acids, mineral acids and carboxylic

acids.

2.1 Synthesis and characterization of quinoline based receptors

A number of quinoline containing receptors illustrated in chart 2.1 (2.1, 2.2, 2.3, 2.4,
2.5, 2.6, 2.7, 2.8) having amide and ester linkage are synthesized by simple synthetic

methods.
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is checked by TLC and IR of the intermediate product 2.5a. The NH; signel of the
diamine disappears upon complete conversion and amide streeching appears at 1643
cm’!. The intermediate 2.5a easily undergo substitution of the bromo group by 8-

hydroxyquinoline.

l =
N B N? N

(o} r fo)
NH Et:N \‘(\ OH \\(\ NI \

+ Br B — o - = o

HN\(‘Br K2CO3 HN\(\O N

NH, =
o} P P

26

a

2.5a

Scheme 2.5: Synthesis of receptor 2.6

The receptor bis(2-(quinolin-8-yloxy)ethyl)isophthalate (2.7) was synthesized by
reacting 8-hydroxy quinoline with bromomethylacetate followed by reduction of the
ester formed by sodium borohydride to obtain an alcohol 2-(quinolin-8-yloxy) ethanol
as an intermediate compound. The 2-(quinolin-8-yloxy) ethanol on further treatment

with isophthaloyl dichloride resulted in the formation of receptor 2.7 (scheme 2.6).

= o]
| ° (o} lo)
1. K;CO4, Acetone N

| = + Br” “COCH -

o
Cl cl [ j
B EEame—
- 0
N/ ® 2 NaBH,, THF/ Methanol j DCM, EtN N ? o y
- X
0
2.7

2.7a

Scheme 2.6: Synthesis of receptor 2.7

The receptor 2-(6,6'-dimethylbicyclo[3.1.1]hept-2-en-2-yl)ethyl ~ 2-(quinolin-8-
yloxy)acetate (2.8) was synthesized in two steps. In the first step bromoacetylbromide
was reacted with (R)-(-)nopol in dichloromethane in the presence of base
triethylamine to yield an intermediate ester derivative which is then reacted with 8-

hydmxyquinoline in the presence of potassium carbonate (scheme 2.7).
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(o]
(o] EtsN
(o} OH (0]
/ + —_— / —_—
ZQA Br)k/Br O)'\/Br K2C03
OH O

(R)-(-)Nopol | 2.8a N

2.8
Scheme 2.7: Synthesis of receptor 2.8

All these receptors were characterized by spectroscopic tools such as IR, NMR, LC-

MS etc. As a representative case the 'HNMR spectra of the receptor 2.2 is shown in

figure 2.1.
h
__N
INE\/;m
_ protons dé ;>—o HN |
f L}
\/Nﬁolk
a
lL 9
[
L §e A
—,———— T T

Figure 2.1: '"H-NMR spectra of receptor 2.2

2.2 Solution study of the interaction of the receptors with various acids

All the receptors shown in chart 2.1 bears quinoline unit; hence they are fluorescence
active. The solution state studies are carried out by monitoring the changes in the
fluorescence emission on gradual addition of various acid solutions. The fluorescence
emission of quinoline derivatives such as densyl chloride is reported to be highly
dependent on pH and sensitive to environment.* The visible absorption of each of
these receptors with extinction co-efficients and fluorescence emission with quantum

yields are listed in each case in table 2.1. The quantum yields are calculated by taking

quinoline as reference cornpound.44
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Table 2.1: The UV absorption and fluorescence emission data of the receptors

Receptor ) max (nm) € (L mollem™) Emission maximum (nm) Quantum yield

2.1 302 3748 387 0.34
2.2 335 4647 510 0.24
2.3 301 2398 401 0.25
2.4 299 4047 387 0.16
2.5 298 3598 395 0.25
2.6 295 6146 390 0.38
2.7 301 4347 391 0.13
2.8 295 3148 392 0.23

Receptor 2.1 shows an emission maximum at 387 nm upon excitation at 280 nm. The
fluorescence spectra of the receptor 2.1 are affected by mineral acids, amino acids,
hydroxy acids, and simple carboxylic acids (figure 2.2). Here we have observed that
the fluorescence intensity of 2.1 decreases on gradual addition of both mineral acids
and amino acids. However, the change is very rapid in case of mineral acids than that
of the amino acids. From these fluorescence titration curves we have calculated the
binding constants of the various acids. The binding constant study clearly shows that
receptor 2.1 binds mineral acids with much more affinity than the amino acids. The
receptor 2.1 is also responsive to hydroxy acids such as ascorbic acid, mandelic acid

and tartaric acid.

Intenalty (a.u.)
. 8 B8 EEEE8 88

30 £ ] - am -] [ [ 300 150 400 450 500 550
wavelength (nm) Wavelength (nm)

(@) (b) (c)

Figure 2.2 : Changes in fluorescence spectra of 2.1 (6.67 x10” M in methanol) on
addition of (a) glycine, (b) hydrochloric acid, (c) acetic acid (all 107 M in methanol,
in 10 pl aliquot).

Weveisngth (am)

Receptor 2.2 shows an emission maximum at 510 nm upon excitation at 320 nm. The

fluorescence emission spectra of receptor 2.2 were studied in presence of different
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TH-1869_08612201




Chapter 2

guests. On gradual addition of amino acids 2.2 shows a remarkable decrease in
fluorescence intensity as shown in figure 2.3a. However, we have observed a mild
enhancement of fluorescence emission intensity on addition of mineral acids to
receptor 2.2 (figure 2.3b). It has been observed that receptor 2.2 is also responsive
towards hydroxy acids, amino acids, mineral acids and to simple carboxylic acids.

With simple carboxylic acid such as acetic acid it shows a gradual decrease in

fluorescence (figure 2.3¢).
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Figure 2.3: Changes in fluorescence spectra of 2.2 (6.67><10'5 M in methanol) on
addition of (a) glycine (107 M in methanol), (b) hydrochloric acid (10% M in

methanol), (¢) acetic acid (10'2 M in methanol, in 10 pl aliquot).

On the other hand the fluorescence emission of receptor 2.3, 2.4 and 2.6 is not
responsive towards amino acids, however; the fluorescence significantly changes on
addition of dicarboxylic acids such as maleic acid and fumaric acid. Receptor 2.4
shows an emission maximum at 387 nm upon excitation at 280 nm and the intensity

of the peak decreases on gradual addition of maleic acid and it passes through an

isoemissive point at 457 nm as shown in figure 2.4a. Receptor 2.6 shows an emission

maximum at 390 nm upon excitation at 280 nm. The receptor 2.6 is responsive
towards hydroxy acids such as ascorbic acid, mandelic acid and tartaric acid. Gradual

decrease in fluorescence intensity of 2.6 is observed on addition of hydroxy acids

(figure 2.4b).
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387 nm

Intensity (a.u.)
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Figure 2.4 : Changes in fluorescence spectra of (a) 2.4 (6.67 x 10° M in methanol)

300 s0 400 450 500 550
Wavelength (nm)

with maleic acid (102 M in methanol, in 10 pl aliquot), (b) 2.6 (6.67%10° M in

methanol) on addition of D-mandelic acid (102 M in methanol, in 10 ul aliquot)

The ester receptor 2.7 is found to be responsive towards amino acids, mineral acids,
and carboxylic acid but not responsive towards hydroxy acids such as ascorbic acid
and mandelic acid. In order to differentiate the effect of amino acids over mineral
acids on fluorescence emission, amino acid solutions viz. glycine or methionine were
added gradually to a solution of receptor 2.7 and the fluorescence spectra were
recorded. On addition of amino acids, receptor 2.7 shows enhancement of the
fluorescence intensity at 391 nm (figure 2.5a). In case of mineral acids such as
hydrochloric acid the initial fluorescence intensity at 391 nm is decreased with a
simultaneous enhancement of fluorescence intensity at 486 nm thereby forming an
isoemissive point (figure 2.5b). This difference in fluorescence spectra shows
different types of supramolecular aggregation of receptor 2.7 with different guests.
Comparing the study with mineral acids and with amino acids one can infer that the

later case is not due to the simple protonation of 2.7,

&

Intensity (a.u.)

E ¥ 8§ 8 E B 8
Intensity (a.u)
E 8 8

i s—
[

e

m 450 510 L

g
g

418 @ 31 ° -
Wavelength {nm) Wavelength(nm) » L e sa0 = L

(a) (b) (c)

Figure 2.5: Changes in fluorescence spectra of 2,7 (6.7x10° M in methanol) on

addition of (a) glycine (10” M in methanol), (b) hydrochloric acid (10® M in
methanol).(c) Acetic acid (10> M in methanol, in 10yl aliquot).
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Further we studied the binding properties of receptor 2.7 with various acids including
simple carboxylic acids (figure 2.5¢) and a few hydroxy acids. At this point we have
observed that receptor 2.7 shows a very negligible affinity towards the hydroxy acids.
However, receptor 2.7 shows good affinity towards dicarboxylic acids. Maleic acid
behaves in a similar way to the mineral acids thereby passing through an isoemissive
point whereas fumaric acid shows simple enhancement of fluorescence intensity as in
the case of acetic acid. This may be because of the affinity of maleic acid to form salt
whereas fumaric acid prefers to form hydrogen bonded co-crystal.

Receptor 2.7 is the only receptor where fluorescence intensity is enhanced on addition
of amino acids and carboxylic acids. A plausible explanation for the enhancement of
the fluorescence intensity is as follows.

The receptor 2.7 is the most flexible molecule in comparison to that of the other
receptors studied. Hence, it can adopt different spatial orientations in order to interact
with the solvent molecules as shown in scheme 2.8. In such spatial orientations its
fluorescence intensity is partially quenched because of the hydrogen bonding of the
quinoline moiety with the solvent molecules. When a guest molecule such as amino
acids and carboxylic acids were added its structure becomes more regid due to the
crown effect of the receptor 2.7 as depected in scheme 2.8. As a result the molecule
adopts a conformation where the interaction with solvent molecule is less favoured
and the overall observation is the enhancement of the fluorescence intensity. Among
the carboxylic acids, dicarboxylic acids have more effect on the fluorescence

enhancement as it can bind from both sides to enhance the crown effect of the

receptor 2.7.

cHs
O

\

H

....... O ot ""N/ \

O T e @U

Percially quenched state

Amlno acid H 0

Conformationally regid state
showing enhanced fluorescence

Scheme 2.8: Changes in the conformation of receptor 2.7 on coordination with amino
acids.

In case of mineral acids which dissociates very rapidly, the protonation process
dominates the crown effect. Hence, a decrease in the fluorescence intensity of the
53
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original peak and a simultaneous enhancement of intensity at a different region is
observed.

We have also studied the emission spectra in the presence of other amino acids such
as serine, lysine, alanine etc. The relative intensity changes in the fluorescence
emission of the receptor 2.7 with identical amount of amino acid (figure 2.6A) is
found to vary whereas changes in the intensity pattern of the receptor 2.2 is found to
be similar with all the amino acids (figure 2.6B). In general the addition of amino
acids leads to enhancement of fluorescence emission intensity of receptor 2.7 and in

case of such addition to receptor 2.2 fluorescence quenching occurs.

600

Intensity (au)
E 8 8§ 8
Intmsity (a..)

g %

Wave length (nm) Wave length (nm)

(A) B
Figure 2.6: (A) Fluorescence spectra of (a) 2.7 (6.67 x10” M in methanol); and after

addition of amino acid (b) serin, (c) lysine, (d) metheonine, () glycine and (f) alanine
(100 pL of 102 M solution in methanol); (B) fluorescence spectra of (a) 2.2 (6.67 x
10 M in methanol), (b) Fluorescence quencing of 2.2 after addition of amino acid

(100 pL of 10”2 M solution in methanol) viz. glycine, metheonine, alanine, serin, and

lysine

From the relative changes in the fluorescence emission due to host-guest interactions,
the binding constants for 1:1 host guest composition of all the systems are determined
and these are listed in table 2.2. The calculation of binding constant is done with the

assumptions that 1:1 host-guest complex are formed.
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Table 2.2: Binding constant of different receptors calculated from fluorescence

titration
Binding constant (mole™)

Guest 2.1 2.2 2.3 2.4 2.6 2.7
Glycine 8.058x 10° | 3.825x 10° *xx *Hx *E* 6.478 x 10°
Methionine 1.639x 10° | 5.224x 10° *Ex ok *Ek 2.847 =< 10°
Hydrobromic acid | 5.844x 10° | 6.074x 10° 4952 x10° | 2271 x10° | 3.625x10° | 6.022 = 10°
Hydrochloric acid | 3.967x 10° | 7.932x 10° 3.369 x 10° | 2.103 x 10° | 4.813x 10’ 1.400 x 10’
Perchioric acid 1.394x 10° | 1.582x 10° 1.087 x 10° | 4.052 x 10° | 4.475x 10’ 5.160 x 10°
Acetic acid 1.22 x 10° | 1.388x 10° 1.055 x 10° ok ok k 5.68 0 x 10*
Fumaric acid 5.228x 10° | 4.487x 10° 7.520 x 10°* 1.920 x 10° | 9.060x 10° 1.148 x 10°
Maleic acid 9.811x 10° | 1.464x 10° 1.329 x 10° | 4.963 x 10° | 2.399x 10’ 2.822 x 10°
L-Ascorbic acid 1.316x 10° | 1.854x 10° ko *kk 2.650% 10° *kk
L-Mandelic acid | 3.99 x 10° 2.591x10° 2.950 x 10* *hk 4.079% 10° *hk

D- Mandelic acid | 3.596x 10° | 1.484x 10° 2.920 x 10° *xx 6.247x 10° *Ex
L-Tartaric acid 3.978x 10° | 1.068x 10° 7.920 x 10 | 2.220x10° | 1.466x 10° 1.142 x 10°

*** no changes in fluorescence spectra on addition of guest

Based on these results of binding constants a sumrhary of comparative data on
relative binding with respect to these hosts are shown in figure 2.7. It may be
suggested that these quinoline derivatives binds to various amino acids, mineral
acids, carboxylic acids and hydroxy acids, but the binding ability varies with structure
of the parent receptor compound. Among all the receptors, receptor 2.7 shows
enhancement of fluorscence on interaction with amino acids and carboxylic acids
while the other receptors show quencing. This receptor is highly sensitive towards
amino acid but it has also very high binding ability with mineral acid too, thus it is
less selective in binding. Furthermore this receptor is insensitive to hydroxy
carboxylic acids other than tartaric acid. Tartaric acid being a dicarboxylic acid; the
binding behaviour of this acid should be analogous to other dicarboxylic acids such
as maleic acid which bind to this receptor. The mineral acids have also similar effect
on all the receptors other than receptor 2.2 and in each case fluorescence quencing is
observed. The receptor N-(quinolin-8-yl)-2-(quinolin-8-yloxy) propanamide 2.2 has
high affinity to bind to amino acids in comparision to mineral acids. This makes this

receptor a promising candidate for recognising amino acid. However, the receptor 2.6

and 2.7 have higher affinity to bind to mineral acids.
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case of 2.2 over 2.3. Both have similar structure other than an extra methyl group in

One of the important observations is the greater binding ability of amino acids in the
2

Figure 2.7: Comparisons of binding constant of receptor (a) 2.1, (b) 2.2, (c) 2.3, (d)

2.4, (e) 2.6, (f) 2.7 with different acids.

2. So the steric effect of the methyl group is believed to make a transition state that

is more favorable as illustrated in figure 2.8. Such state will be less favored in the case

of 2.3 as the quinoline part will have equal preference for two oppositely directional
56
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orientations. This is also reflected in the crystal structure which is described in the

next section.
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Figure 2.8: A schematic representration of H-bond interaction of receptor 2.2 with
an amino acid.
Since these receptors can strongly bind to amino acids or hydroxy acids, there could
be possibility of chiral recognition. With such point in mind we prepared and
characterized a chiral receptor 2-(6,6-dimethylbicyclo[3.1.1Thept-2-en-2-yl)ethyl 2-
(quinolin-8-yloxy)acetate (2.8) with an intension of chiral recognition of enantiomeric
carboxylic acids. This receptor is also fluorescence active; hence the fluorescence
spectra are studied in presence of different chiral acids. However, we found that this
receptor is neither responsive to amino acids nor to hydroxy acids. A pair of
enantiomeric carboxylic acid namely, R-(+)-2-bromopropionic acid and S-(-)-2-
bromopropionic acid are found to be recognized by the receptor 2.8. However, from
fluorescence spectroscopy we could mnot ascertain chiral recognition as the
fluorescence spectra of both the enantiomeric carboxylic acids are equally responsive

to receptor 2.8.

2.3 Structural study of the receptors and its inclusion compounds

All the receptors (2.1-2.8) forms crystalline product with different guest acids;
however, only in few cases we could get diffraction quality crystals. Thus, we could
determine solid state structures of several salts as well as cocrystals of these receptors
with different types of acid molecules.

Receptor N-quinolin-8-yl-2-(quinolin-8-yloxy)-acetamide (2.3) is crystallized from
methanol and it crystallizes in triclinic P-1 space group. The receptor 2.3 has a bent
structure as shown in figure 2.9a. The dihedral angle between the two planes
containing the two quinoline ring is found to be 83.13°. This bent structure is

stabilized by various weak interactions such as C-H--O interactions (C10-H10B-02)
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and C-H--N interactions (C10-H10B:N1). The short range interactions in 2.3 are

shown in figure 2.9b and the hydrogen bond parameters are tabulated in table 2.3.

(b)
Figure 2.9: (a) Short range interactions in 2.3, (b) asymmetric unit of 2.3 (ORTEP
drawn with 50% thermal ellipsoid probability).

Table 2.3: Hydrogen bond parameters of 2.3

D-H-A dou(A) di-a(B) do-a(R) <D-H-A()
C(10) -H(10A) ~0(2) [1-y,2]  0.97 2.51 3.48(2) 174
C(10)-H(10B) N1 0.97 2.63 3.33 138

The receptor 2.3 is crystallized with different guest acids as shown in scheme 2.9.
Receptor 2.3 forms a quinolinium salt (2.3a) of tetrafluoroborate on reaction with
fluoroboric acid (scheme 2.9). The same salt can be prepared via a hydrolytic reaction

of sodium tetrafluoroborate with 2.3 in wet DMF.

i = H 4
N N
HN_ I40 o
H,0
o7 H
G 2
] LR
S
2.3a =
m |
N
P, P
7 Na ATHEF" HN.__0 31,0
o H

Z s
Fumaric = \) Maleic
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/ 23 N
NI ( =
N

N [ E
SO -
N f/ HOOC __
o o HN O J
_COOH ¥ OH I ooc
J 46 U/ H,0 0" H ©
HoOC j H_~oac” (/1 e
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=T 2.3e
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Scheme 2.9: Synthesis of the salts 2.3a, 2.3b, 2.3¢, 2.3d and 2.3e
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The salt 2.3a crystallizes in the space group orthorhombic P2,2,2; with a water and a
dimethyl formamide molecule in the crystal lattice. The bent structure of the receptor
2.3 is changed to a planar structure on inclusion of the guest anion.

It is interesting to note that out of the two nitrogen atoms of the two different
quinoline rings, only the nitrogen present in the ring of oxyquinoline gets protonated
(figure 2.10a). The quinoline and quinolinium rings are disposed frans to each other.
The N-H of protonated quinoline is involved in hydrogen bond with a water molecule
(figure 2.10a). The trans disposition of two quinoline groups provides an S-shape
geometry to the salt. The molecules adopting S-shaped geometries are m-staked in
head to tail arrangements but in these stacks the nitrogen atoms of quinoline and

quinolinium rings are on same side of the rings (figure 2.10D).

Figure 2.10: Structure of (a) tetrafluoroborate salt 2.3a (ORTEP drawn with 50%
thermal ellipsoid probability); (b) dimeric assembly of with @7 interactions, (c)

environment around tetrafluoroborate anion in the lattice
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The tetrafluoroborate anions are held at the edges of these rings through several C-
H--F interactions namely (C14-H14---F4; dp.a, 3.36A; <D-H-A, 141.2°, C17-
H17-F2, dp.a, 3.45A; <D-H--A, 157.5°, C18-H18:~F2, dp.a, 3.21A; <D-H--A,
124.2° C19-H19-F1, dp.a, 3.36A, <D-H---A, 163.0°% C19-H19:+F2 dp.a, 3.24A, <D-
H--A, 121.5° and C22-H22A-F1, dp.a, 3.34A, <D-H-A, 134.3°) which holds the
anion. Each tetrafluoroborate anions are in seven coordination number. A
dimethylformamide (DMF) molecule is held by weak C11-H-O4 (dp.a, 3.07A, <D-
H--A, 117.4° and a N2-H:+04 (dp.a, 3.37A, <D-H--A, 140.0°) interactions (figure
2.10c). The selected hydrogen bond parameters of 2.3a are tabulated in table 2.4.

Table 2.4: Selected hydrogen bond parameters of 2.3a

D-H-A dou(R) dipn(B) dpya(A) <D-H-A()
0(3)-HB3A) ~—0(1) [1/2+x,112-y,-2] 0.91(6) 1.89(6) 2.79(4) 173(6))
0(3)-H(3A) - O(2) [1/2+x,1/2-y,-2] 0.91(5) 2.55(6) 3.01(4) 112(5)
0(3)-H(3B) ~-0(4) 0.81(7) 1.99(7) 2.79(6) 169(7)
N(3)-HGN) ~0(3) [-1/2+x,1/2-y,-2] 1.04(5) 1.71(5) 2.72(4) 163(4)
C(19)-H(19) -F(1) [1/2-x,-y,-1/2+z] 093 244 3.34(6) 164

The N-quinolin-8-yl-2-(quinolin-8-yloxy)acetamide (2.3) gets easily protonoted by
perchloric acid and we could easily crystallize the perchlorate salt (2.3b). The crystal
structure of the salt shows it to be di-protonated salt as shown in figure 2.11a. The salt
crystallizes in the monoclinic P2;/c space group and unlike 2.3a; no solvent molecule
is included in the crystal lattice. In this case also we have observed that the bent
structure of the receptor 2.3 do not persist as the guest anions are encapsulated. The
weak interactions holding the anions in the crystal lattice are shown in figure 2.11b.
The di-protonated species adopts a concave shape; in which the nitrogen atoms at the
two ends are disposed in the same side but away from each other making a non-planar
structure; this observation is in contrast to the S-shape geometry observed in the case
of the tetrafluoroborate salt (2.3a). The salt 2.3b adopts non-planar structure to avoid
repulsion between the two cationic charges on nitrogen atoms. The perchlorate anions
are held in the lattice through N-H---O as well as C-H--O interactions, some of which
are listed in table 2.5. The two perchlorate anions are in two different environments in
the crystal lattice. One of them is placed at the concave site between the two quinoline

rings. The amide hydrogen and proton on the quinoline nitrogen
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(a) (b)
Figure 2.11: Structure of (a) asymmetric unit of perchlorate salt 2.5; (b) weak

interactions in its lattice (ORTEP drawn with 50% thermal ellipsoid probability)

interact with oxygen atoms of the perchlorate anion (N3-H--09; dp.a, 2.87A; <D-
H-A, 170.9° and N2-H-~09; dp-a, 3.09A; <D-H--A, 122.1°). This same perchlorate
anion is also held by two independent C-H-+-O interactions with the parent molecule
(C9-H--06; dp.a, 3.35A; <D-H'A, 131.3°). There is also another weak interaction of
this perchlorate with a C15-H of neighboring molecule via C15-H-O5 (dp-a. 3.23A;
<D-H:-A, 168.6°) interactions. The other perchlorate anion is held in a four
coordinated geometry through N2-H:+O3 (dp.s, 3.00A; <D-H--A, 146.4°); NI-
H-03 (dp.a, 2.81A; <D-H-A, 152.0°; Cl14-H-010 (dp.a. 3.34A; <D-H-A,
131.2°) and C5-H-O8 (dp.a, 3.39A; <D-H--A, 142.9°) interactions. Thus, the
perchlorate ions are embedded in two sheets like structures arising from the

perpendicular disposition of the quinoline rings.

Table 2.5: Hydrogen bonded parameter of 2.3b.

D-H-A don(A)  dua(A) dp-a(A) <D-H-A()
N(D-H(1)—0Q3) 0.77(7) 2.10(7) 2.81(8) 154(6)
N(2)-H(2)~0(3) 0.86 225 3.00(8) 146
N(2)-H(2)-+0(9) [1-x.-1/2+y,1/2-Z] 0.86 2.55 3.09(8) 122
N(3)-HGEN)~0(9) [1-x,-1/2+y,1/2-z]  0.93(6) 1.95(6) 2.87(9) 171(5)
C(15)-H(15)-0(3)[ 1-x,1-y,z] 0.93 2.32 323(12) 168
C(19)-H(19)--0(10) 0.93 2.49 3.26(9) 140

The receptor 2.3 is also crystallized with nitric acid from an aqueous methanol
solution to yield a nitrate salt 2.3¢c. In this case also we have observed planner

geometry of the parent molecule 2.3. The nitrate salt 2.3¢ crystallizes in the
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monoclinic space group P2,/c with three water molecules and one nitrate anion in the
crystal lattice as shown in figure 2.12a. Similar to the tetrafluroborate salt (2.3a), out
of the two quinoline group only the ring of oxyquinoline gets protonated. The
molecule adopts planer geometry where the two quinoline rings are projected in a
trans orientation. The protonated N atom forms a strong intermolecular hydrogen

bond with one lattice water molecule.

(b)

Figure 2.12: (a) Asymmetric unit of 2.3¢ (ORTEP drawn with 50% thermal ellipsoid
probability) (b) hydrogen bonded self-assembly of 2.3¢

The lattice water molecules form a number of inter-molecular hydrogen bonding with
the cationic and the anionic species and forms a dimeric assembly (figure 2.12b). One
water molecule is held in the concave geometry formed around the protonated
quinoline ring through inter-molecular hydrogen bonding (N3-H3N:-O8 and O8-

H8A--02).
Table 2.6: Selected hydrogen bond parameters in 2.3¢

D-H-A donB)  du-a(®)  dp-a(A) <D-H-A()
N(3)-H3N) - O(8) 1.08 1.60 2.673) 168
0(6)-H(6A) -~ O(5) [ x-1+y,z] 0843)  2.13(3) 2.93(3) 162(4)
0(6)-H(6B) -~ O(7) 0.82(7)  228(13)g, 2.853) 127(11)
O(7)-H(7A) - O4) 1.00(5)  2.38(5) 3.11(3) 130(4)
O(7)-H(TA) - O(5) 1.005)  2.17(5) 3.15(3) 167(3)
O(7)-H(7B) - O(6) [x1-y,-z] 0854)  1.97(4) 2.77(3) 159(5)
O(8)-H(8A) - O(2) 0.85(3)  195(3) 2.79(3) 172(2)
O(7)-H(7A) - O(5) 1.005)  2.17(5) 3.14(3) | 167(5)

This water molecule is held in concave cavity further hydrogen bonds with the nitrate
anion (08-H8B--04), thereby forming a bridge between the cationic and anionic
species in the crystal lattice. The other two lattice water molecules form a self
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assembly in the form of a four member hydrogen bonded ring (O7-H7B---O6 and O6-
H6B---O7). This unit is again connected to the nitrate anion with another inter-
molecular hydrogen bond (O6-H6A---O5). The hydrogen bond parameters are
tabulated in table 2.6.

My
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Figure 2.13: Comparison of the IR spectra of the receptor 2.3 and the salts 2.3a, 2.3b.
2.3c¢.

The formation of the acid inclusion compounds can be easily identified from its IR
spectra. The receptor 2.3 gives strong IR peak at 1679 cm” for amide C=O stretching
and at 1535 cm™ for aromatic C=C stretching. Apart from this two peak the salts 2.3a.
2.3b, and 2.3¢ shows characteristic peaks for the anionic part. IR spectra of 2.3a
shows a broad peak at 1067 cm™ characteristic of the tetrafluroborate anion; 2.3b
shows two strong peaks at 1121 em”! and 1079 em’! characteristic of the perchlorate
anion, and the salt 2.3¢ shows a strong peak at 1383 em™! for the nitrate anion (figure
2.13).

Receptor 2.3 is further crystallized with two carboxylic acids viz, fumaric acid (2.3d)
and maleic acid (2.3e). The molecule 2.3d crystallizes in the space group triclinic P-1
with one molecule of fumaric acid, one molecule of fumarate anion and one molecule
of water in the asymmetric unit. The interesting feature of the structure is that one
fumaric acid molecule remains in the protonated form whereas the other molecule

remains as an anion. The fumaric acid molecule lies on an inversion centre with only
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half of the molecule contained in the crystallographic asymmetric unit, whereas in

case of the deprotonated fumaric acid molecule, the entire molecule lies in the

asymmetric unit (figure 2.14c).

(b)

(©

Figure 2.14: (a) Short range interactions present in 2.3d; (b) the presence of two

different types of fumaric acid molecules is shown in different colour; (¢) asymmetric

unit of 2.3d (ORTEP drawn with 50% thermal ellipsoid probability)

Table 2.7: Hydrogen bond parameters of 2.3d.

D-H-+A dp.ui(A) digalA) dp.-a(A)  <D-H-A()
N(1) -H(IN) +~0(9) [1-x,-y,1-z] ~ 0.887(16)  1.748(16)  2.620(3) 167.2(19)
N(2)-H(2A) - 0(7) 0.86 2.60 3.373(2) 150
0(3)-H(3A)0(5) [-1+x.y.z] 0.82 1.77 2.5854(18) 172
O(8)-H(8A) -0(6) [-14+x,y.] 0.82 1.75 2.554(2) 166

O(9 -H(9A) -~O(1) [1-x,-y,1-z)  0.841(17)  2.478(19)  2.983(2) 119(2)
O(9)-H(9A) - (2) [1-x,-y.1-z)  0.841(17) 1.867(18)  2.696(3) 168(2)
0(9)-H(9B) -+-0(6) 0.83(2) 1.90(2) 2.729(2) 172(3)
C(2)-H(2) +O(8) [x,-1+y.z] 0.93 2.52 3.445(3) 172
C(4)-H(4) ++O(4) [X.-y.-z] 0.93 2.48 3.223(3) 137

TH-1869_08612201
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.The water molecule is held between one fumaric acid molecule and one molecule of
receptor 2.3 through intermolecular hydrogen bonding (N1-HIN--O9, O9-H9A---O2
and O9-H9B--06). Fumaric acid molecule and the fumarate anion forms a self
assymbly through intermolecular hydrogen bonding (O8-H8A---O6 and O3-
H3A-+05). The presence of two different types of fumaric acid molecules in the
structure is shown in figure 2.14b. The component in blue colour is the fumarate
anion and the one in red colour in the fumaric acid molecule. The hydrogen bond

parameters are tabulated in table 2.7.
‘—)—J * &*—f-r
;*7JFI'~4Vb_,, : '
T::: ~fr:xi;::?‘4ﬁ”‘ ,
a : Hﬁ‘w jg—.
%

(a) (b)
Figure 2.15: (a) Short range interactions in 2.3e; (b) asymmetric unit of 2.3e (ORTEP
drawn with 50% thermal ellipsoid probability)

Table 2.8: Hydrogen bond parameters of 2.3e

D-H--A dpu(A)  dua(A)  dp-a(d)  <D-HA()
N(1) -H(IN)***O(3) [3/2-x,-1/2+y,1/2-7] 0.87(3)  1.81(2)  2.667(5) 170(5)

N(2) -HQ2A) " O(5) [1/2+x,1/2-y.-1/2+7] 0.86 2.45 3.242(5) 153

0(3) -HBA) *0(5) 0.82(2)  1.90(2)  2.724(7)  178(7)

C(3) -H(3)*O(7) [1/2+x,-1/2-y,-1/2+7] 0.93 2.55 3.203(7) 128
C(10)-H(10A)*O(5) [1/2+x,1/2-y,-1/2+z]  0.97 2.43 3.030(5) 120

Unlike fumaric acid, maleic acid crystallises in a 1:1 ratio to form a salt with receptor
2.3. The salt of maleic acid (2.3e) crystallises in the space group monoclinic P2/n
with one maleate anion and one water molecule in its asymmetric unit (figure 2.15b).
The receptor 2.3 is held together by number of 7% interactions (dcia.c1, 3.358 A
deie.ca, 3.361 A; deiace 3.473 A). The maleate anion is involved in a C-H--O
interaction (C3-H3--O7) and the water molecule is held by hydrogen bond (N1-
HIN:-03). The short range interaction of 2.3e are shown in figure 2.15a and the

hydrogen bond parameters are given in table 2.8.
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The "HNMR spectra of 2.3d shows a broad singlet at 13.1 ppm for the proton of the
carboxylic acid group of fumaric acid, however; in case of 2.3e the peak for the
carboxylic acid proton of maleic acid is not observed. The ratio of the fumaric acid
and the maleic acid in the compounds 2.3d and 2.3e can also be determined from their
IHNMR spectra. The 'HNMR spectra of 2.3d shows a singlet at 6.6 ppm
corresponding to 3 protons, whereas in case of 2.3e a singlet at 6.2 ppm
corresponding to 2 protons is observed. Thus it can be infered that 1.5 molecule of
fumaric acid is present per molecule of the receptor 2.3 and only 1 molecule of maleic
acid is present per molecule of the receptor 2.3. The comparison of the '"H-NMR

spectra of 2.3d and 2.3e is shown in figure 2.16.

singlet for

Aromatic proton of 2.3d fumaric acid ::CH2

2' 3d 3 ! 3 proton

-NH
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Aromatic proton of 2.3e singlet for
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2.3e
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l ;,_J __
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Figure 2.16: Comparison of 'H-NMR spectra of 2.3d and 2.3e
The receptor  N-(2-methoxyphenethyl)-2-(quinolin-8-yloxy)acetamide (2.4)
crystallises in the space group triclinic P-1 with two molecules of water in its
asymmetric unit (figure 2.17b). Four water molecules are held together in between
two host molecules by hydrogen bonds (O4-H4A--0O2, N2-H2N--O5, and OS5-
H5A-~N1) as shown in figure 2.17a. The hydrogen bond parameters are tabulated in

table 2.9.
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(@) (b)
Figure 2.17: (a) Short range interactions in 2.4; (b) asymmetric unit of 2.4 (ORTEP
drawn with 50% thermal ellipsoid probability)

Table 2.9: Hydrogen bond parameters of 2.4

D-H--A dpu(A)  du.a(A)  dp.a(A) <D-H-A()
N@)-HEZN)—0(3) 087(3) 2.09(3) 2.899(2) 155.0(19)
O(4)-H(4A) +-0(2) [-1+x.y,7] 0913) 1.973) 2874(2) 170(2)
O(4)-H(4B)0(5) 0.82(4)  1.98(4) 2.7942) 170(3)
0(5)-H(5A) -+N(1) 0.86(3) 191(3) 2.763(2) 173(3)

O(5)-H(5B) 04 [ 1-x.1-y,-z] 0.88(4) 1.95(4) 2.813(2) 165(4)

The receptor 2.4 was than crystallised with two isomeric dicarboxylic acids namely,
maleic acid and fumaric acid. It is reported that maleic acid prefers to form salt
whereas fumaric acid prefers to form co-crystal with quinoline based receptors. In this
case also we observed a 1:1 salt with maleic acid (2.4a) and a 1:2 co-crystals with

fumaric acid (2.4b) (scheme 2.10).
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Scheme 2.10: Formation of the salt (2.4a) and cocrystal (2.4b) of 2.4

The salt 2.4a crystallises in the space group monoclinic P2i/n. The protonated
quinoline nitrogen atom forms hydrogen bond with the oxygen atom of maleate anion

(N1-HIN--0O4). The maleate anion is further involved in various types of weak
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interactions (figure 2.18) such as C-H--O interaction (C2-H2--O5), and hydrogen

bonding interaction (N2-H2N---O4). The hydrogen bond parameters are tabulated in

table 2.10.

(a)
Figure 2.18: (a) Short range interactions in 2.4a; (b) asymmetric unit of 2.4a (ORTEP

drawn with 50% thermal ellipsoid probability)

Table 2.10: Hydrogen bond parameters of 2.4a.

(b)

D-H-A dp. dy-a(A)  dp-.a(A) <D-H--A®)
N(1)-H(IN)-~O(4) [x,1+y,z] 1.03(3) 1.73(3)  2.729(4) 163(3)
N(2)-H(2N)-~O(4( [x,1+y,z] 0.85(3) 2.11(3)  2.915(4) 157(2)
0O(6)-H(6A) -+0(5) 0.84(3) 1.63(2) 2.461(4) 169(3)

C(2) -H(2)0(5) [x.1+y.7] 0.93 2.40 3.138(4) 136
C(8)-H(8) ~0(2) [1-x,-y,-z] 0.93 2.38 3.296(4) 170
C(10)-H(10B) 0(2) [l1-x,1-y,-z]  0.97 2.59 3.258(4) 126

Likewise, when we have crystallised the receptor 2.4 with fumaric acid, we obtained g

1:2 cocrystal (2.4b) as shown in figure 2.19. The co-crystal 2.4b crystallises in

monoclinic space group P2/c, the fumaric acid molecule lies on an inversion centre

with only half of the molecule contained in the crystallographic asymmetric unit

(figure 2.19b). One molecule of fumaric acid is held in between two molecules of the
receptor 2.4 through inter-molecular hydrogen bonding (O4-H4A--Nland N2-
H2N--O4) as shown in figure 2.19a. The hydrogen bond parameters are tabulated in

table 2.11.
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Nl
®

Figure 2.19: (a) Hydrogen bonded structure of 2.4b showing encapsulation of one

fumaric acid molecule by two molecules of receptor 2.4; (b) asymmetric unit of 2.4b

(ORTEP drawn with 50% thermal ellipsoid probability)

Table 2.11: Hydrogen bond parameters of 2.4b.

D-H""A dD_H(A) dHA(A) dDA(A) < D—H'A(O)
N(2)-H(ZA)—0(4) [x,3/2-y.-1/2+z]  0.86 222 3.052(6) 163
O(4)-H(4A)~N(1) [x.3/2-y,1/2+z]  0.82 1.84 2.651(5) 171

The receptor N-[2-(4-methoxy-pheny)-ethyl]-2-(quinolin-8-yl-amino)-acetamide (2.5)
is crystallized from methanol and its crystal structure is studied. It crystallizes in the
orthorhombic space group Pna2,. Unlike receptor 2.3 which is of bent structure, 2.5

have a stretched structure as shown in figure 2.20a.

(b)
Figure 2.20: (a) Asymmetric unit of receptor 2.5 (ORTEP drawn with 50% thermal
ellipsoid probability); (b) short range interactions in 2.5

69
TH-1869_08612201




Chapter 2

The receptor 2.5 forms a one dimensional polymeric structure through some weak
interactions namely, hydrogen bonding (N3-H3N---O1); C-H:--O (C13-H13A--O1; dp.
A 3.336 A; <D-HA, 132.3° and C-H-x (C10-H10A-+C1 and C10-H10A:--C6)

interactions as shown in figure 2.20b. The hydrogen bond paramers are tabulated in

table 2.12.

HLCO 0 H—
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Scheme 2.11: Formation of the perchlorate salt 2.5a

The receptor 2.5 is treated with perchloric acid (scheme 2.11) and the perchlorate salt
(2.5a) is crystallized from an aqueous methanol solution. The perchlorate salt 2.5a
crystallizes in the space group trigonal R-3 with a perchlorate anion and the
protonated molecule of receptor 2.5 in the asymmetric unit. The receptor 2.5 has a
stretched structure, whereas its perchlorate salt has a tweezer-like geometry as
illustrated in figure 2.21a. The folded structures of protein specially the hairpin
models are greatly influenced by weak interactions.*”™® To achieve particular property
of enzymes, geometrical features governed by the weak interactions are important.’!!

The tweezer-like geometry is held by very weak C-H--O interactions (C7-H:-O4, dp,_
4 3.45A, <D-H-A, 147.3% and C20-H--O4, dp.a 3.28A; <D-HA, 124.9°). These
interactions leads to self assembly formation which is shown in figure 2.21b. The
structure of the perchlorate salt has n-m interaction among the aromatic quinoline
rings, as evident from the distance of separation between the quinoline rings, which is
3.33A. This distance is well within the limit for n-x interactions.””' The crystal
structure when viewed along the c-crystallographic axis as in figure 2.21c, it is clear
that there are empty cylindrical channels with diameter 7.2 A. Such channels are
formed by the arrangement of the hydrophobic part containing the CH,-CHs-
C¢H4OCHs groups and these units are associated with weak C-H-1t (dcio.c20, 3.72 A)
and C-H-+O (C18-H+02 dp.a, 3.48 A; <D-H--A, 150.7°) interactions. Although the

54-56

C-H-x interaction552'53and C-H-+O interactions are very weak, yet they are

known to be responsible for changing reactivity and structural features in biology.
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The structure of perchlorate salt 2.5a is an illustrative example of organic channels
with uniform voids and such materials with uniform patterns are important in material

science.”’”® The hydrogen bond parameters of 2.5a are tabulated in table 2.12.

Figure 2.21: (a) Perchlorate salt (2.5a) showing the weak interactions (ORTEP drawn
with 50% thermal ellipsoid probability); (b) self-assembly through weak C-H--m and
C-H--O interactions (perchlorate anions are omitted); (c) channel like structure of

2.5a viewed along c-crystallographic axis

Table 2.12: Hydrogen bond parameters for 2.5 and 2.5a

D-H--A dou(R)  dua(R) dp.a(A) <D-H-A()
For 2.5
N(2)-H(2) ---N(1) 0.79(4) 2.22(4) 2.70(5) 120(4)
N(3)-H(3N) --O(1) [x,y,1+2] 0.84(5) 2.50(5) 3.15(5) 135(4)
For 2.5a
N(1)-H(1) -+O(1) [1/3-y,2/3+x-y,-1/3+z]  0.80(4) 1.99(4) 2.74(3) 157(4)
N(2)-H(2)+-O(1) [1/3-y,2/3+x-y,-1/3+2] 0.87(4) 2.02(4) 2.86(4) 160(4)
N(3)-H(3N) 06 [x-y,X,-z] 0.77(5) 2.43(4) 3.18(6) 164(5)
C(9)-H(9) ~0(3) [1/3-x+y.2/3x,-1/3+z]  0.93 2.49 3.23(6) 145

71

TH-1869_08612201



Chapter 2

57

Although channels with empty voids are not favored by thermodynamics,’’ the

present case may be outcome of interplay of weak interactions with electrostatic

interactions present in the lattice.

Conclusion
In conclusion we have synthesized a number of quinoline based amide and ester

receptors having structural diversity. The acid recognition property of the receptors is
established both in solution as well as in solid state. The receptors have different
affinity towards different acids, for example receptors 2.1 and 2.2 are sensitive
towards amino acids whereas receptors 2.3, 2.4, 2.5 are not responsive towards amino
acids. Again receptor 2.7 shows an enhancement of fluorescence intensity on addition
of amino acid but the receptor 2.1 and 2.2 shows a decrease of fluorescence intensity.
The effect of different acids on the receptors is summarised in table 2.13.

Table 2.13: Effect of different acids on the receptors

Receptors Suitable for substrates Effect on fluorescence
2.1and 2.2 Amino acids, mineral acids, hydroxy acids Quenching

and carboxylic acids
23and 2.6 Mineral acids, hydroxy acids and carboxylic Quenching

acids

2.4 Mineral acids and carboxylic acids Quenching

2.7 Amino acids, mineral acids, and carboxylic Enhancement for amino
acids acids and carboxylic

acids; quenching for

mineral acids

The anion binding and stoichiometry can change orientations of the flexible arm of an
amide containing receptor. Such spatial arrangements also can decide the number/s of
sites to protonate in case of substrates having multiple sites for protonation. On
coordination with anion a bent molecule (2.3) can change its orientation to a planer
one; whereas a planer molecule (2.5) can change its orientation to form tweezer like
geometry. Again a receptor having closed packed structure can be modified to porous
materials of uniform voids by coordination with anion having potential application as

storage materials. These types of structural modification around an amide linkage
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through weak interaction plays important role in functioning of the biological

molecules especially in the peptides.

Experimental

Compound 2.1:
| X

g

N

P
L

To a solution of 8-aminoquinoline (0.433 g, 3 mmol) in dry dichloromethane (20 mL)
triethylamine (0.31 g, 3 mmol) was added. The solution was stirred at 0 OC for 15 min
and 2-bromopropionylbromide (0.316 g, 3 mmol) was added over a period of 30 min.
The reaction mixture was then stirred overnight at room temperature. To the reaction
mixture 10 ml of water was added and the organic layer was separated using a
separatory funnel. The solution was then dried over anhydrous sodium sulphate and
the solvent was removed under reduced pressure to obtain a brown solid of 2-bromo-
N-(quinolin-8-yl)propanamide. The crude product was then recrystallized from
dichloromethane. In the second step, 2-bromo-N-(quinolin-8-yl)propanamide (0.834
g, 3 mmol), cyclohexylamine (0.297 g, 3 mmol) and potassium carbonate (0.5g, 3.7
mmol) were taken in dry acetone (20mL) and stirred at 70 OC for 9hs (progress of the
reaction was monitored at regular intervals using TLC). After completion of the
reaction, the product was filtered and the solvent was removed under reduced
pressure. The product 2-(cyclohexylamino)-N-(quinolin-8-yl)propanamide ~ was
further purified by thin layer chromatography (silica gel; hexane/ethyl acetate 3:2).
Yield: 48%.

IR (KBr, cm™): 3329 (b), 2927 (m), 2851(m), 1672 (s), 1520 (s), 1486 (m), 1448 (W),
1423(w), 1382 (W), 1322 (m), 1130 (m), 1052 (m), 823 (m), 791 (m).

'H NMR (CDCl;, 400 MHz): 11.6 (1H, s), 8.8 (1H, d, ] = 6.0Hz), 8.8 (1H, d, J =
7.2Hz), 8.1 (1H, d, J = 8.0Hz), 7.5 (2H, m), 7.4 (1H, m), 3.5 (1H, q, J = 6.8Hz), 2.5
(1H, d, J = 3.6Hz), 2.0 (1H, bs), 1.6 (4H, m), 1.4 (3H, d, J = 6.8Hz), 1.1 (6H, m).
13C.NMR (CDCl3, 100 MHz): 20.9, 25.2, 25.3, 26.2, 33.9, 33.3, 56.5, 57.1, 116.5,
121.7, 127.5, 128.3, 134.8, 136.3, 136.6, 139.4, 148.6, 175.3.

LC-MS [M+1]: 298.20.
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Figure 2.22: 3 C-NMR spectra of 2.1
Compound 2.2:

8
The 2-bromo-N-(quinolin-8-yl) propanamide (1.36 g, 5 mmol) was dissolved in dry
acetone (30 ml). To the reaction mixture K2CO3 (1.0 g, 7.5 mmol) was added and
stirred for 20 min. Then 8-hydroxyquinoline (0.725 g, 5 mmol) was added and the
reaction mixture was refluxed at 70 °C for 10hs. (Progress of the reaction was
monitored at regular intervals using TLC). After completion of the reaction, the
reaction mixture was filtered to remove the K,COj3. The solvent from the filtrate was
then removed under reduced pressure to obtain the crude product which was further
purified by thin layer chromatography (silica gel; hexane/ethyl acetate 3:2).
Yield: 48%.
IR (KBr, cm™): 3432 (m), 3257 (s), 2764 (s), 1704 (s), 1637 (W), 1516 (s), 1420 (m),
1384(m), 1309 (m), 1281 (m), 1218(s), 1163 (m), 1063 (w), 993 (w), 873 (w), 821
(s),777 (W), 609 (m) .
IH NMR (CDCl3, 400 MHz): 11.2 (1H, s), 9.0 (1H, d, J = 4.0H2), 8.8 (1H, d, J =
7.2Hz), 8.6 (1H, d, J=4.4Hz), 8.1 (1H, d, J = 8.4Hz ), 8.0 (1H, d,J=8.4Hz,), 7.5-7.4
(5H, m), 7.3 (1IHm), 7.2 (1H, d, J = 7.2Hz), 5.2 (IH, q,J = 6.8Hz), 1.9 BH, d, J =
6.8Hz).
BC.NMR (DMSO-d6, 100 MHz ): 169.9, 149.1, 147.9, 147.6, 145.9, 139.3, 133.0,
130.9, 130.4, 129.9, 128.0, 124.4, 123.7, 123.0, 122.0, 120.4, 115.9, 76.3, 18.9.
LC-MS [M+1]: 344.01
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Figure 2.23: 3 C-NMR spectra of 2.2
Compound 2.3:

8

90\3{.

G N o

8-aminoquinoline (0.720 g, 5 mmol) was dissolved in dry dichloromethane (20 mL)
and triethylamine (0.693 mL, 5 mmol) was added to it. The solution was stirred at 0°C
for 15 min and bromoacetylbromide (0. 434 mL, 5 mmol) was added to the stirred
solution over a period of 30 min. The reaction mixture was stirred overnight at room
temperature. It was then filtered to remove the hydrobromide salts, and the filtrate
was removed under reduced pressure. The corresponding amide obtained was
recrystallised from dichloromethane. In the next step, the amide obtained (1.3 g, 5
mmol), 8-hydroxyquinoline (0.72 g, 5 mmol) and potassium carbonate (1.0 g, 7.5
mmol) were taken in dry acetone (20 mL) under nitrogen atmosphere and the reaction
mixture was stirred at 60 °C for 9 hs (progress of the reaction was monitored at
regular intervals using TLC). After completion of the reaction, the solvent was
removed under reduced pressure. The product N-(quinolin-8-yl)-2-(quinolin-8-
yloxy)acetamide obtained was purified by column chromatography.

Yield: 63%.

IR (KBr, cm™): 3337 (s), 2924 (m), 2852 (w), 1682 (s), 1570 (w), 1537 (s), 1500 (m),
1423 (m), 1378 (m), 1315 (m), 1110 (s), 820 (m), 789 (m), 698 (m).

IHNMR (CDCl3, 400 MHz): 11.2 (1H, s), 9.0 (1H, d, J = 4.1Hz), 8.8 (1H, d, J =
6.8Hz), 8.7 (1H, d, J = 4.1Hz), 8.2 (1H, d, ] = 8.4Hz), 8.1 (1H, d, J = 8.4Hz), 7.5 (SH,
m), 7.4 (1H, m), 7.2 (1H, d, J = 7.2Hz), 5.0 (2H, s).

BCNMR (CDCl3, 100 MHz ): 48.9, 105.4, 115.2, 115.8, 121.0, 121.1, 121.3, 126 .4,

126.9, 127.2, 127.8,133.4, 135.4, 135.5, 137.8, 137.9, 143.6, 146.7, 147.7, 168.8.
LC-MS [M+1]: 330.1361
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Figure 2.24: "H-NMR spectra of 2.3
. Compound 2.3a:

0 Hn—8 . B H20 - N—(
\_7

The compound 2.3 (0.33 g, 1 mmol) was dissolved in a mixture of methanol and
dimethylformamide (3: 2). To this solution sodium tetrafluoroborate (0.11 g, 1 mmol)
was added and stirred for 30 min. The solution was then kept for crystallization;
brown colored crystals appeared after 17 days. Alternatively, same compound can be
prepared from a solution of 2.3 in a mixed solvent of methanol and DMF by adding
HBF,.

Yield: 40%.

IR (KBr, cm™): 3398 (b), 2927 (m), 1689 (s), 1650 (m), 1604 (m), 1542 (s), 1492 (m),
1428 (m), 1377 (m), 1317 (s), 1261 (w), 1124 (s), 1083 (bs), 961 (w), 889 (m), 824
(s), 752 (m), 613 (m).

IHNMR (DMSO-d’, 400 MHz): 11.1 (1H, s), 8.9 (1H, s), 8.5 (2H, m), 8.2 (2H, m),
7.7 (14, s), 7.5 (6H, m), 7.3 (1H, d, ] = 7.6 Hz), 5.1 (2H, s), 2.8 (3H, s), 2.7 (2H s).
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Figure 2.25: 'H-NMR spectra of 2.3a (* indicates the peaks for the solvent and water

associated with solvent)
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Compound 2.3b:
H(-BN\—/ o
7o) HN—<: ; .2ClO,
—
=H o

The perchlorate salt (2.3b) of protonated N-(quinolin-8-yl)-2-(quinolin-8-

\

yloxy)acetamide was obtained by dissolving it in dilute perchloric acid solution (3M)
followed by warming for 5 min to obtain a transparent solution. Brown colored
crystals of 2.3b appeared after 6 days.

Yield: 57%.

IR (KBr, cm™): 3401 (b), 2923 (m), 1688 (s), 1637 (m), 1603 (m), 1539 (s), 1490 (m),
1426 (m), 1377 (m), 1317 (s), 1274 (w), 1121 (s), 1080 (bs), 824 (s), 791 (m), 750
(m), 625 (m).

'HNMR (DMSO-d®, 400 MHz): 11.0 (1H, s), 9.0 (1H, s), 8.8 (1H, s), 8.6 (1H, d, J =
7.2 Hz), 8.5 (1H, d, J = 8.0 Hz,), 8.4 (1H, d, J = 7.6 Hz), 7.6 (6H, m), 7.4 (1H, d, J =
7.6Hz), 5.1(2H, s).

Aromatic protons n_m

T lri‘llnl[lll']i!Tlllxn
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Figure 2.26: 'H-NMR spectra of 2.3b

@

Compound 2.3c:

Ny
S}
O HN - NO; - 3H20

\_/&H °

The nitrate salt (2.3¢) of protonated N-(quinolin-8-yl)-2-(quinolin-8-yloxy)acetamide
was obtained by dissolving it in dilute nitric acid solution (3M) followed by warming
for 5 min to obtain a transparent solution. Brown colored crystals of 2.3¢ appeared
after 5 days.

Yield: 57%.

IR (KBr, cm™): 3486 (b), 3054 (w), 1690 (s), 1604 (s), 1491 (m), 1383 (s), 1313 (m),
1262 (m), 1186 (w), 1031 (m), 830 (m).
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'HNMR (DMSO-4%, 400 MHz): 10.7 (1H, s), 9.2 (1H, d, ] = 5.3Hz), 8.8 (1H, d, ] =
8.0Hz), 8.5 (1H, d, ] = 7.6Hz), 8.4 (1H, d, ] = 8.4Hz), 7.9 (1H, d, ] = 8.0 Hz), 7.8 (2H,
m), 7.7(2H, m), 7.6(3H, m), 5.4(2H, s).

Aromatic protons

Figure 2.27: "H-NMR spectra of 2.3¢

Compound 2.3d:
N\_/ COOH coo’
Q0 HN uooc/=/- 2HOOC . < 2H20
2 — ’
N\ /'gH °

The compound 2.3 (0.33 g, 1 mmol) was dissolved in methanol. To this solution
fumaric acid (0.12 g, 1mmol) was added and stirred for 20 min. The solution was then
kept for crystallization, a brown coloured crystals appeared after 5 days.

Yield: 46%

IR (KBr, cm™)): 3409 (bs), 1686 (s), 1545 (s), 1491(w), 1427 (m), 1318 (s), 1274 (s),
1218 (m), 1011(m), 825 (m), 645 (s).

IHNMR (DMSO-d° , 400 MHz): 13.1(1H, s), 11.1 (1H, s), 9.0 (1H, s), 8.8 (1H, m),
8.7 (1H, d, J = 7.6Hz), 8.4 (2H, m), 7.7 (1H, d, ] = 8.4Hz), 7.6 (SH, m), 7.4 (1H, d, T =

7 6Hz), 6.6 (3H, 5), 5.1(2H, 5).

45 1686
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Wave numbor (cm-1)

Figure 2.28: IR (KBr, cm™) spectra of 2.3d

78
TH-1869_08612201




Chapter 2

Compound 2.3e:

8
8:\_?\: - HOOC, _ cod. Hzo
The compound 2.3 (0.33g, 1 ‘mmol) was dissolved in methanol. To this solution
maleic acid (0.12 g, Immol) was added and stirred for 20 min. The solution was then
kept for crystallization, a brown coloured crystals of 2.3e appeared after 3 days.

Yield: 66%

IR (KBr, cm™): 3393 (bs), 1684 (m), 1603 (m), 1543 (s), 1490 (s), 1427 (w), 1364
(m), 1353 (m), 1315 (m), 1274 (w), 1191 (w), 1120 (w), 961 (w), 873 (m), 824 (m),
793 (m), 745 (w), 611 (m).

'HNMR (DMSO-d6 400 MHz): 11.1 (1H, s), 9.0 (1H, s), 8.8 (1H, d, J = 4.0Hz), 8.7
(1H, d, J = 7.6Hz), 8.4 (2H, t,J = 8.4Hz), 7.7 (1H, d, ] = 8.4Hz), 7.5 (5H, m), 7.4 (1H,
d, J =7.6Hz), 6.2 (2H, s), 5.1 (2H, s).

T(%)

1490
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Figure 2.29: IR (KBr, cm™) spectra of 2.3e
Compound 2.4:
|

2-(2-Methoxyphenyl)ethylamine (0.755 g, 5 mmol) and triethylamine (0.505 g, 5
mmol) were dissolved in dry dichloromethane (20 mL). The solution was stirred at 0
C for 15 min and bromoacetylbromide (0. 1.01 g, 5 mmol) was added to the solution
over a period of 30 min. The reaction mixture was stirred overnight at room
temperature. It was then filtered to remove the hydrobromide salts, and the filtrate
was removed under reduced pressure. The corresponding amide obtained was
recrystallised from dichloromethane. In the next step, the amide obtained (1.08 g, 5
mmol), 8-hydroxyquinoline (0.725 g, 5 mmol) and potassium carbonate (1.0 g, 7.5

mmol) were taken in dry acetone (20 mL) and the reaction mixture was stirred at 60
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OC for 9 hs (progress of the reaction was monitored at regular intervals using TLC).
After completion of the reaction, the reaction mixture was filtered and the solvent was
removed under reduced pressure. The product obtained was purified by column
chromatography.
Yield: 54%.
IR (KBr, cm™): 3360 (bs), 3051 (s), 2968 (W), 1642 (s), 1601(m), 1552(s), 1504(s),
1497(s), 1469 (s), 1433 (m), 1380 (m), 1315 (s), 1264 (m), 1251(s), 1115(s), 1034
(m), 826 (m), 757 (s).
'H NMR (CDCls, 400 MHz): 8.8 (1H, d, J = 4Hz), 8.2 (2H, d, J = 8.4Hz), 7.4 (2H,
m), 7.0 (2H, d, J = 7.2Hz), 6.9 (1H, d, J = 7.2Hz2), 6.7 (3H, m), 4.7 (2H, s), 3.7 (3H, s),
3.5(2H,t,J=6.8Hz), 2.8 (2H, t, ] = 7.2H2).
BC.NMR (CDCl, 100 MHzZ): 30.3, 39.4, 55.3, 69.8, 1104, 111.7, 120.5, 121.6,
122.1, 127.0, 127.5, 127.8, 129.7, 130.6, 136.5, 140.2, 149.4, 153.9, 157.7, 168.6.
LC-MS [M+1]: 337.17.
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Figure 2.30: '"H-NMR spectra of 2.4 (* indicates peak for the solvent)
Compound 2.4a:

cI» HO
A

00C
(<]

The compound 2.4 (0.34 g, 1 mmol) was dissolved in methanol. To this solution
maleic acid (0.12 g, Immol) was added and stirred for 20 min. The solution was then
kept for crystallization, colourless crystals of 2.4a appeared after 3 days.

Yield: 74%.

IR (KBr, cm™): 3433 (bs), 3305 (8), 3056 (w), 3006 (w), 2940 (w), 1673 (s), 1618
(m), 1601 (m), 1495 (s), 1464 (s), 1348 (m), 1305 (m), 1280 (m), 1244 (m), 1111 (m),
1034 (w), 874 (w), 858 (m), 830 (m).
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'HNMR (DMSO-d® 400 MHz): 8.9 (1H, d, J = 4.0Hz), 8.4 (2H, m), 7.6 (2H, m), 7.5
(1H, t, J = 8.0Hz), 7.2 (1H, d, ] = 7.6Hz), 7.1(1H, t, ] = 8.0Hz), 7.0 (1H, d, J = 7.2Hz),
6.9 (1H, d, J = 8.0Hz), 6.8 (1H. t, J = 7.6Hz), 6.2 (2H, s), 4.7 (2H, s), 3.7 (3H, s), 3.3
(2H, t, ] = 6.8Hz), 2.7 (2H, t, ] = 7.2Hz)

3433 3305
1673

1618 1495

4000 3500 3000 2500 2000 1500 1000 500 o
Wave aumber {cm-1)

Figure 2.31: IR (KBr, cm™) spectra of 2.4a
Compound 2.4b:

i
@;/\NJO'\/O\EN; HOOC\=\

COOH

The compound 2.4 (0.34 g, 1 mmol) was dissolved in methanol. To this solution
fumaric acid (0.12 g, 1 mmol) was added and stirred for 20 min. The solution was
then kept for crystallization, colourless crystals of 2.4b appeared after 5 days.

Yield: 77%.

IR (KBr, cm™): 3388 (s), 2941(W), 1703 (w), 1698 (W), 1672 (s), 1551 (m), 1508 (m),
1494 (m), 1424 (m), 1379 (m), 1296 (s), 1262 (s), 1245 (s), 1165 (m), 1111 (s), 1042
(m), 824 (m), 785 (m), 749 (s).

'HNMR (DMSO-d® 400 MHz): 8.9 (1H, d, J = 4.0Hz), 8.4 (2H, m), 7.5 3H, m), 7.2
(1H, d, J = 7.6Hz), 7.1 (1H, t, J = 7.2Hz), 7.0 (1H, d, J = 7.6Hz), 6.9 (1H, 4, J =
8.0Hz), 6.8 (1H, t, J = 7.6Hz), 6.6 (1H, s), 4.7 (2H, s), 3.7 (3H, s), 3.3 (2H, m), 2.7
(2H, t, ] = 7.2Hz).
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Figure 2.32: IR (KBr, cm'l) spectra of 2.4b
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Compound 2.5:
/0 0 N7

2-(4-Methoxyphenyl)ethylamine (0.735 mL, 5 mmol) and triethylamine (0.693 mL, 5
mmol) were dissolved in dry dichloromethane (20 mL). The solution was stirred at 0
OC for 15 min and bromoacetylbromide (0. 434 mL, 5 mmol) was added over a period
of 30 min. The reaction mixture was stirred overnight at room temperature. It was
then filtered to remove the hydrobromide salts, and the filtrate was removed under
reduced pressure. The corresponding amide obtained was recrystallised from
dichloromethane. In the next step, the amide obtained (1.08 g, 5 mmol), 8-
aminoquinoline (0.72 g, 5 mmol) and potassium carbonate (1.0 g, 7.5 mmol) were
taken in dry acetone (20mL) under nitrogen atmosphere and the reaction mixture was
stirred at 60 °C for 9h (progress of the reaction was monitored at regular intervals
using TLC). After completion of the reaction, the solvent was removed under reduced
pressure. The product N-(4-methoxyphenethyl)-2-(quinolin-8-ylamino)acetamide
obtained was purified by column chromatography.

Yield: 54%.

IR (KBr, cm™): 3300 (s), 3000 (m), 2922 (m), 1654 (s), 1613 (m), 1577 (m), 1549
(w), 1513 (s), 1478 (m), 1381 (s), 1325 (m), 1240 (s), 1182 (w), 1033 (m), 819 (m),
788 (m). :

'HNMR (CDCl3, 400 MHz): 8.7 (1H, s), 8.1 (1H, d, J = 8.0Hz), 7.4 (2H, m), 7.2 (1H,
m), 6.8 (3H, d, J = 8.4Hz), 6.5 (4H, m), 3.9 (2H, d, ] = 6.4Hz), 3.6(3H, s), 3.4(2H, t, J
= 6.8Hz), 2.6 (2H, t, ] =7.2Hz).

3Bc.NMR (CDCls;, 100 MHz): 35.3, 40.9, 49.0, 55.6, 106.6, 111.1, 114.3, 116.6,
122.2, 128.2, 130.1, 136.8, 141.4, 147.8, 170.7.

LC-MS [M+1]: 336.29

Figure 2.33: 'H-NMR spectra of 2.5
82

TH-1869_08612201



Chapter 2

Compound 2.5a:

(€]
clo,

AeUNENe
! (9/

The perchlorate salt (2.5a) of protonated N-(4-methoxyphenethyl)-2-(quinolin-8-
ylamino)acetamide) was obtained by dissolving it in dilute perchloric acid solution
(3M) followed by warming for 10 min to obtain a transparent solution. The solution
on standing led to brown crystals after 4 days.

Yield: 62%.

IR (KBr, cm™): 3335 (b), 3188 (m), 3119 (m), 3066 (m), 2928 (m), 1626 (s), 1557
(m), 1514 (s), 1475 (m), 1379 (s), 1250 (m), 1082 (bs), 812 (m), 622 (m).

'HNMR (DMSO-d° 400 MHz): 8.8 (1H, d, J = 4.0Hz), 8.5 (1H, d, J = 8.4Hz), 8.0
(1H, s), 7.6 (1H, m), 7.4 (1H, t, J = 8.4Hz), 7.2 (1H, d, ] = 8.0Hz), 7.0 2H, d, J =
8.0Hz), 6.7 (2H, d, J = 8.0Hz), 6.6 (1H, d, J = 8.0Hz), 3.9 (2H, s), 3.6 (3H, s), 3.3
(2H, m), 2.6 (2H, t, J = 6.8Hz).
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Figure 2.34: IR (KBr, cm™) spectra of 2.5a

Compound 2.6:
H
Nfo N\‘
"3

Trans-1,2-diaminocylohexane (0.342 g, 3 mmol) and triethylamine (0.61 g, 6 mmol)
were taken in dry dichloromethane (20 mL). The solution was kept at 0 °C for 15 min
and bromoacetylbromide (1.21 g, 6 mmol) was added over a period of 30 min so that
the temperature does not rise above 10 OC. The reaction mixture was then stirred
overnight at room temperature. To the reaction mixture 20 mL of water was added
and the organic layer was separated using a separatory funnel. The solution was then

dried over anhydrous sodium sulphate and decanted. The solvent was removed under
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reduced pressure to obtain a brown solid. The crude product was then recrystallised
from dichloromethane. The amide thus obtained (1.06 g, 3 mmol) along with 8-
hydroxyquonoline (0.870 g, 6 mmol) and potassium carbonate (1.0 g, 7.4 mmol) were
taken in dry tetrahydrofuran (20 mL) and stirred at 70 °C for 9 hs (progress of the
reaction was monitored at regular intervals using TLC). After completion of the
reaction, the product was filtered and the solvent was removed under reduced
pressure. The product was further purified by thin layer chromatography.

Yield: 57%.

IR (KBr, cm™): 3465 (b), 2927 (m), 2856 (W), 1660 (s), 1551(m), 1504 (m), 1474 (w),
1437 (w), 1378 (m), 1318 (m), 1260 (m), 1184 (w), 1112 (m), 785 (m), 751(m).

'H NMR (CDCl3, 400 MHz): 8.9 (2H, d, J = 4.4Hz), 8.2 (2H, d, J = 8.4Hz), 7.5 (2H,
m), 7.4 (2H, t, J = 8.4Hz), 7.3 (2H, t, ] = 8.0Hz), 6.9 (2H, d, ] = 7.6Hz), 4.6 2H, d, J
= 14.8Hz), 4.4 (2H, d, J = 15.2Hz), 3.9 (2H, bs), 2.0 (3H, m); 1.7 (3H, m); 1.2 (4H,
m).

3C.NMR (CDCls;, 100 MHz): 25.0, 32.7, 52.5, 69.1, 102.2, 111.1, 121.4, 122.2,
126.9, 128.1, 129.8, 136.7, 149.4, 168.6.

LC-MS [M+1]: 485.24

) 160 ‘140 120 ‘oo 80 60 w20
Figure 3.35: ’C-NMR spectra of 2.6
Compound 2.7:

o

8-hydroxyquinoline (0.725 g, 5 mmol) was dissolved in dry acetone (20 ml) and
potassium carbonate (1.0 g, 7.5 mmol) was added to it. The solution was stirred at
room temperature for 15 min and then methyl bromoacetate (0.76 g, 5 mmol) was
added and the reaction mixture was refluxed at 70 °C for 12 h (Progress of the

reaction was monitored at regular intervals using TLC). After completion of the
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reaction, the reaction mixture was filtered and the solvent was then removed under
reduced pressure to obtain the ester as a yellow solid. In the next step, the ester was

reduced to the corresponding alcohol [2-(quinolin-8-yloxy) ethanol] using a reported
procedure.

Yield: 77%.

IR(KBr, cm™): 3405 (b), 3175 (b), 2923 (m), 2861(m), 1613 (w), 1505 (m), 1475 (m),

1381 (m), 1322 (m), 1266 (m), 1116 (m), 1075 (s), 904 (w), 823 (m).

'H NMR (CDCl;, 400 MHz): 8.8 (2H, d, ] = 4.4Hz), 8.0 (2H, d, J = 8.4), 7.3 (3H, m),
7.0 (1H, d, J = 7.6Hz), 4.2 (2H, t, ] = 4.8Hz), 4.1 (2H, t, ] = 4.8Hz), 3.4(1H, bs).

The 2-(quinolin-8-yloxy) ethanol (0.756 g, 4 mmol) was dissolved in dry
dichloromethane (20 ml) and triethylamine (0.404 g, 4 mmol) was added to it. The
solution was stirred at 0 °C for 15 min and isophthaloyl dichloride (0.404 g, 2 mmol)
was added. The reaction mixture was then refluxed at 40°C for 8 hs (progress of the
reaction was monitored at regular intervals using TLC). After completion of the
reaction, 30 ml of water was added to reaction mixture and the organic layer was
separated using a separatory funnel. The solvent was removed under reduced pressure

to obtain a light yellow colour solid. The product was further purified by thin layer
chromatography (silica gel; hexane/ethyl acetate 5:3).

Yield: 73%.

IR (KBr, cm™): 3422 (b), 2921(w), 1720 (s), 1608 (w), 1508 (m), 1474 (W), 1451(w),

1382 (m), 1259 (w), 1119 (m), 822 (w), 790 (w).

'H NMR (DMSO-d®, 400 MHz): 8.8 (2H, d, J = 2.8Hz), 8.4 (1H, s), 8.32H, d, J =
8Hz), 8.1(3H, t, ] = 6.4Hz), 7.6 (2H, t, J = 7.6Hz), 7.5 (4H, m), 7.3 (2H, t, ] = 5.2H2),
4.7 (4H, s), 4.5(4H, s).
13c_NMR (DMSO-d%, 100 MHz): 166.5, 133.3, 131.1, 129.9, 129.3, 129.1, 122.5,
122.2,112.3,71.1; 54.8
LC-MS (M+1): 509.22
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Figure 3.36: '"H-NMR spectra of 2.7
Compound 2.8:

( ,;N; °ﬁor°“k}z

(1R)-(-)-Nopol (0.83g, 5 mmol) was dissolved in dry dichloromethane (20 mL) and
triethylamine (0.61g, 6 mmol) was added to it. The solution was stirred at 0°C for 15
min and bromoacetylbromide (1.01 g, 5 mmol) was added to the stirred solution over
a period of 30 min. The reaction mixture was then stirred overnight at room
temperature. To the reaction mixture 20 mL of water was added and the organic layer
was separated using a separatory funnel. The solution was then dried over anhydrous
sodium sulphate and the solvent was decanted. The solvent was removed under
reduced pressure to obtain a yellow liquid product. The product thus obtained (1.4g, 5
mmol) together with 8-hydroxyquonoline (0.72g, 5mmol) and potassium carbonate
(1.0g, 7.4 mmol) were taken in dry acetone (20mL) and the stirred at 70 °C for 9 hs
(progress of the reaction was monitored at regular intervals using TLC). After
completion of the reaction, the product was filtered and the solvent was removed
under reduced pressure. The product was further purified by thin layer
chromatography.

Yield: 63%.

IR (KBr, cm’): 3447 (bs), 2922 (m), 1747 (s), 1631 (s), 1502 (m), 1382 (m), 1242
(m), 1122 (s), 1040 (m), 824 (m).

'H NMR (CDCl3, 400 MHz): 8.9 (1H, s), 8.1 (1H, d, J = 8.0Hz), 7.4 (3H, m), 6.9 (1H,
m), 5.1 (1H, s), 4.9 (2H, s), 4.6 (1H, m), 4.2 (2H, m), 3.7 (1H, m), 2.1 (2H, m), 2.0
(2H, m), 1.9 (2H, m), 1.1 (3H, s), 0.7 (3H, s).

3C.NMR (CDCls, 100 MHz): 169.0, 153.8, 149.6, 143.8, 140.3, 136.1, 129.8, 126.5,

122.0,121.1, 119.2, 109.6, 66.2, 63.7, 45.7, 40.8, 38.1, 35.9,31.7, 31.4, 26.4, 21 .2.
LC-MS [M+1]: 352.04

86
TH-1869_08612201



Chapter 2

25
0ly = -173
e 1
4 b Ak o X :
cl ] o/\l‘r /“o P
< o v q
H .
c o, eb g ' ! or mp u
k a hd X 'y l‘l‘ q 1
I A TR T R R [ A I AN B I . . o e R
160 140 120 100 80 60 40 20

Figure 3.37: >C-NMR spectra of 2.8 (* indicates peaks for solvent)

Caution: Perchlorate salts are potentially explosive; however, our systems described
here are stable and have not shown such property under ambient condition, it is

advisable that care needs to be taken while dealing with perchlorate salts.
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Chapter 3

Cyclisation reactions of amide derivatives of
quinoline in presence of base and metal ions

Intra-molecular cyclisation processes are very useful in heterocycle synthesis.l‘6 Such
cyclization reactions are used for synthesis of varieties of natural products and drugs.
Among them N-acylinium ion cyclisation reactions are very attractive.”'? The intra-
molecular reactions are generally carried out under catalytic conditions.? Several of
these reactions require multiple steps.' Multi-component reactions to prepare
heterocycles would help to reduce hassles!'!"'® of product purification in each step and
also would reduce the reaction time. Several naturally occurring compounds and drug
molecules contain quinoline ring as their constituent.'®?* Aminoquinoline derivatives
are useful in cyclisation reactions for ring expansionzs'28 and for synthesis of steroid
derivative.?% Intramolecular cyclisation reactions of 8-aminoquinoline derivatives
are very attractive as multiple possibilities to obtain cyclised products exist. For
example, novel heterocyclic compounds through intra-molecular C-C bond formation
by palladium catalysed reactions were observed in imine derivatives of 8-
aminoquinoline.“ Recently the coordination effects of amide functionalised 8-
aminoquinoline derivatives are used for intramolecular cyc:lisation.32 Further to this,
the halo derivatives can also undergo conventional nucleophilic substitution by
nucleophiles such as water, alcohol, amine etc. Thus, the competitive reactions of
cyclisation versus nucleophilic substitution reactions in the presence or absence of
metal catalyst are of interest. In this chapter the cyclization reactions of two quinoline

based amide derivetives 3.1 and 3.2 under different reaction conditions are discussed.

® »
N/ N/
HN___O HN. O
fBr HgCIBr
3.1 32
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3.1 Reaction of the substrate 3.1 and 3.2 in presence of base

A three component reaction between 2-bromo-N-quinoline-8-yl-acetamide (3.1), 2-(4-
Methoxyphenyl) ethylamine and acetone gives a fused ring heterocyclic compound
3.3 as illustrated in scheme 3.1. The compound is characterized from its spectroscopic
properties. The compound has IR absorptions at 1676 em” and at 1635 cm™ due to
carbonyl and C=N stretching. The mass spectrum of the compound shows the desired

mass for the M peak at 414.27.

NH - NH.
= = 2 T S 2
g\, l B . - )I\fj]/\/
\ N " o0~ N (o]
NH O -

- HN o o
2LU3 K,CO:
5 )J\ Brj ).l\ 2C05 =l
3.1

3.5
N HCIO,
clo, N 3.3
NH
(s}

3.4

o

HCIO,4

Scheme 3.1: Reaction leading to product 3.3 and 3.5 which reacts with perchloric acig
to form salt 3.4

The 'H-NMR spectra of compound 3.3 shows three singlets at 1.0 ppm, 1.1 ppm ang

1.7 ppm for the three methyl groups and another singlet at 3.7 ppm for the methoxy

gropup.

hh'

Figure 3.1: "H-NMR spectra of 3.3 (* indicates the peak for the solvent and water

associated with solvent)
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A singlet at 8.4 ppm represents the -NH proton. Apart from these charaterestic peaks
the '"HNMR spectra contains the desired peaks for compound 3.3 as shown in figure
3.1. Further, the >CNMR spectra of 3.3 also show the desired peaks for the aliphatic
and aromatic carbons of compound 3.3.

The compound is also characterized by X-ray crystallography and the structure of the

compound is shown in figure 3.2.

Figure 3.2: Crystal structure of 3.3 (ORTEP drawn with 50% thermal ellipsoid)

Plausible reaction paths (scheme 3.2) for the formation of the compound 3.3 may be
through an initial condensation reaction of two molecules of acetone to form an aldol
intermediate. The carbonyl group of the aldol gets condensed with 2-(4-
methoxyphenyl)ethylamine to form an imine derivative as an intermediate species.
The imine containing molecule has a hydroxy group, which is attached to a tertiary
carbon and it would easily form C-C bond with the quinoiline ring through
elimination of a water molecule. Presumably, this intermediate compound forms a
bromide salt through cyclisation reaction. The cyclised product thus formed, undergo
a hydride shift to form a derivative that is suitable for further nucleophilic attack of an
anion generated next to the C=N group. It forms the desired product 3.3. Thus, by
these reaction steps, two additional rings over the quinoline rings are constructed. The
added advantage of this reaction is that it does not stop at the stage of formation of
one ring that is generally formed in intra-molecular cyclisation reactions.

This reaction proceeds in presence of a solid base viz. potassium carbonate. The
excess of acetone serves the dual purpose of reactant as well as solvent. The
formation of multiple rings provides a means to prepare compound 3.1 which

otherwise would require multiple steps and use of less common reagents.
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Scheme 3.2: Plausible paths for formation of 3.3 and 3.4

The compound 3.3 undergoes hydrolysis cum ring opening reaction to give a
quinaxalin derivative in the form of a perchlorate salt 3.4 as illustrated in scheme 3.1.
The product 3.4 is characterized by conventional spectroscopic techniques as well as
by X-ray single crystal structure (figure 3.3) determination. Formation of this salt can
be explained by a three step mechanistic path as illustrated in scheme 3.2. The first
step could be the generation of ketone from a hydrolytic reaction of perchloric acid
from the conversion of imine to keto group. The keto compound thus formed would
otonated under acidic condition to give enolised form of a cationic species with

get pr
nion as counterion. This leads to opening of the five member ring of the

perchlorate a
parent compound. The enolic cation thus formed, on aromatisation leads to

concomitant cleavage of a C-C bond along with the formation of'a new C-C bond at a
y carbon. This new C-C bond formation along with enol to keto transformation

form as illustrated in scheme 3.2 gives the final product 3.4. The IR
a

tertiar

of the enol
spectra of the salt 3.4 have characteristic sharp perchlorate absorption at 1100 cm

and it has carbonyl absorption at 1705 cm™.
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Figure 3.3: Crystal structure of 3.4 (ORTEP drawn with 50% thermal ellipsoid)

The 'H-NMR spectra of compound 3.4 shows three singlets at 0.7 ppm, 1.0 ppm, and
2.1 ppm for the three methyl groups. The singlet peak for the -NH proton appears at
12.0 ppm. The 'H-NMR spectra contains all the desired peaks for compound 3.4 as

shown in figure 3.4.

c d k
b =
e
(2] a\N i
“ &
ClOde NH 3
i h g
k . 0O
J
0
h
q ah Efd i
! %
o) JUML;JUL_
S — . R S e e T
12 11 10 9 8 7 6 S 4 3 2 1

Figure 3.4: '"H-NMR spectra of 3.4 (* indicates the peak for the solvent and water

associated with solvent)

Further, we did not observe any aldol condensation and cyclisation reactions when we

have reacted 2-bromo-N-quinoline-8-yl-acetamide with acetone in the presence of

potassium carbonate without using an amine. When 2-(4-methoxyphenyl) cthylamine

was reacted with acetone in the presence of potassium carbonate it led to an imine.

However, this imine did not react with 7-bromo-N-quinoline-8-yl-acetamide to give

product 3.3. This suggests that the aldol condensation and the formation of imine took

place concomitantly in the presence of 2—brom0-N-qUin°1ine’g'yl'acetamlde' When

amine, we obtained

the

the same reaction was carried out with 2-(2-methoxyphﬁnyl)ethy1 .
the product 3.5. The product 3.5 on further treatment with perchloric acid gives

, : - ‘ocess,
product 3.4 (scheme 3.1). This shows that formation of 3.4 1s an independent pro
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but it depend on the type of amine used. The formation of a ketone instead of imine as
the final product while using 2-(2-methoxyphenyl) ethylamine may be due to the
possible hydrolysis of the imine formed from this reaction. We also carried out similar
reactions of 2-bromo-N-quinoline-8-yl-acetamide (3.1) with other amines such as
benzyl amine, picolyl amine and no reaction was observed under analogous reaction
conditions. However, aromatic amines such as 8-aminoquinoline replaced the
bromide of 2-bromo-N-quinoline-8-yl-acetamide to form C-N bonded derivative. Use
of ethylmethyl ketone as solvent did not lead to the aldol condensation reaction;
instead 2-(4-methoxyphynelamino)-N-(quinoline-8-yl)acetamide was formed as a
product 3.6 by substitution of bromine (scheme 3.3) by 2-(4-methoxyphenyl)

ethylamine.

Scheme 3.3: Formation of product 3.6 in ethyl methyl ketone

When we have changed the substrate to 2-bromo-N-(quinolin-8-yl)propanamide (3.2)
another product 3.7 is formed. In this case the aldol condensation took place withoyt

the formation of the cyclized product (scheme 3.4). This is attributed to the steric

effect of the methyl group in the compound next to the carbonyl group.

-
SN
®» O/\/ N HN.__O
N” -0
HN__O ° —»>
L e
Br 0
3.2 3.7

Scheme 3.4: Formation of product 3.7

96
TH-1869_08612201



N

Chapter 3

3.1 Reaction of the substrate 3.1 and 3.2 in presence of metal ion

The cyclization reactions of the two substrates 3.1 and 3.2 are also studied in presence
of two metal ions namely copper(II) and nickel(II) salts.

The compound 2-bromo-N-(quinolin-8-yl)acetamide (3.1) on reaction with nickel(II)
and copper(ll) salts in methanol or in ethanol gives cyclised product through C-N
bond formation (scheme 3.5). Depending on the counter anion on the metal salt used
the cyclic amides 3.8a and 3.8b were formed. The products were characterized by
different spectroscopic tools such as IR, NMR, LC-MS etc. In these reactions the
bromide anion is replaced by the nitrate or perchlorate anions to form either the nitrate
(3.8a) or the perchlorate salt (3.8b) of the cyclised product. However, when the
reaction is carried out by the acetate salt of metal ions, the bromide anion is not

replaced by the acetate anion thereby forming the bromide salt of the cyclised

product.
AN
AN | _
l P~ MX2 @N O
N > NH X
HN._ _O Methanol or Ethanol
J :
Br 3.8a, when M = Cu or Ni, X= NO;
3.1

3.8b, when M = Cu or Ni, X= CIO,

Scheme 3.5: Synthesis of compound 3.8a and 3.8b

The 2-bromo-N-(quinolin-8-yl)propanamide (3.2) also underwent cyclisation
reactions through C-N bond formation reactions in methanol in the presence of
different metal salts of copper(Il) and nickel(Il). The reactions were found to be
highly solvent dependent and also metal dependent. When copper(Il) salts were used
in methanol exclusively cyclised product 3.9 in the form of the salt of the
corresponding ions were obtained via C-N bond formation. When the cyclisation
reactions were attempted in ethanol with copper(Il) salts, no cyclisation of 3.2 was
observed, but nucleophilic substitution leading to C-O bond gave compound 3.10. It
is also observed that the intra-molecular cyclisation reaction of 3.2 is promoted by
nickel(II) salts and the compound 3.11 is formed in both methanol and ethanol. These
observations clearly indicate that the reactions are highly sensitive towards both metal
ions and solvent systems. The reactions are shown in scheme 3.6. These reactions
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were found to be facilitated by metal ions as the simple dissolution of 3.2 in methanol
or ethanol for two hours do not lead to products but .presence of stoichiometric
amount of copper(II) or nickel(II) ions in the reaction mixture gave the products
within this time. Further, the counter anion has a role as the anions such as perchlorate
and nitrate were found to be more suitable over ions like acetate, chloride or bromide.
The intra-molecular cyclisation reactions leading to heterocyclic rings are very
common in organic chemistry®>>* and preferences of formation of thermodynamically

favoured products are well documented.

N~ M(CIO,), ’\6 e N? N o
—_—P—
"'NIO ROH &YNH Clos  + HN_o © ©® clo,
(o}
. X
Br o

(o] (e]
3.2 3.9 3.10 l\ 3.1
% ratio of product 3.9: 3.10: 3.11
M = Cu, R=CHj; ; 100 0 0
M = Cu, R=CH3CH, ; 0 100 Y
M = Ni, R=CH3CH,, CH5; 0 0 100

Scheme 3.6: Synthesis of product 3.9, 3.10, and 3.11

Products obtained from each reaction were characterised by IR, 'H-NMR, 13C.NMR
and LC-MS spectroscopy. The crystal structures of the products were also studied
where good quality crystals could be obtained. Since the compound 3.9 and 3.11 are
similar cyclic compounds with a difference in methoxy group and to show each
products from these reactions varied a comparison of the 'HNMR spectra of
compound 3.9, 3.10 and 3.10 is shown in figure 3.5. The compound 3.9 has signals at
3.5 ppm due to -OCH3 group and the signal of methyl group at 1.9 ppm is a singlet.
The compound 3.11 is devoid of ~OCH signal but has signals at 5.8 ppm as multiplet
due to CH next to methyl group which shows signal at 1.8 ppm. The compound 3.1
has characteristic quartet and triplet from -OCH,CH; group (3.4 and 1.0 ppm) and has
doublet (1.8 ppm) and quartet (5.8 ppm) from CH and CHj3 groups.
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Figure 3.5: Comparison of 'H-NMR spectra of 3.9, 3.10 and 3.11 (* indicates the

peak for solvent and water associated with solvent)

In order to look at the role of solvent, in the intramolecular cyclisation of 3.2, we have
carried out the copper(Il) perchlorate mediated reaction in a 1:1 mixed solvent of
methanol and ethanol. From this reaction only compound 3.9 was obtained. To know
the source of the incorporated methoxy group in compound 3.9 we carried out the
copper(Il) perchlorate mediated reaction of 3.2 in deuterated methanol. From this

reaction we have isolated deuterium substituted product 3.9a (scheme 3.7) showing

Ni(CIO4)2 | _ Cu(ClO,)2
N
OH ® CD,0D
CHs o NH 3
cno.1 o
3.1
AN
A |
| P
N Cu(ClO,), "b cuo,,
HN.__O CD,0D
Br 3 93
3.2

Scheme 3.7: Formation of deuterium substituted product 3.9a

methanol solvent to be the source for the methoxy group. The mass spectra of 3.9
have m/e at 229.09 whereas the mass spectra of 3.9a have m/e at 232.09 suggesting
the later to have CD30- group. Further to this, when compound 3.9 was reacted with
Cu(ClO4),, in CD30D we obtained compound 3.9a (scheme 3.7). This proves that in
the case of copper(Il) mediated reaction first the intra-molecular nucleophilic
substitution takes place to form C-N bond, leads to product 3.11, it further reacts with

methanol in presence of copper to give product 3.9. The Sgnl mechanism for
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coupling of nucleophile is well established in quinoline derivatives.*® Thus it may be a
methoxy radical that is introduced via a C-H bond cleavage of 3.11 to result into the
formation of 3.9, where the radical formation is initiated by the copper(Il) ions.
Copper(Il) ions are good for radical generation® by interconversion to copper(l), in
case of nickel, such redox couple is absent, thus donot lead to incorporation of
methoxy group. In nutshell in case of copper(II) ion a nucleophilic cyclisation assisted
by copper(Il) followed by methoxy group incorporation to the cyclised product takes
place.

These results suggest that there is an initial coordination of metal ion to the precursor
3.1 and 3.2 and as the bromide is abstracted by metal, a concomitant C-N bond
formation takes place to form cation of three fused heterocyclic ring. In both the cases
of copper and nickel ions the substitution is favoured by the coordination effect. This
coordination effect is not favourable in case of the substrate 3.12; hence we did not

observe any nucleophilic substitution in 3.12 under ordinary condition (scheme 3.8).
N“w
\ Cu(ll) or Ni(ll)

P No Reaction
HN. __O Methanol / Ethanol

J

Scheme 3.8: Substrate 3.12 does not undergo cyclisation or substitution reaction in

Br
3.12

ordinary condition

Quinoline based receptors have been identified to be sensitive to anion binding.?7-40
We have also studied the absorption and emission spectra of these compounds to see
the spectral variation by the anion.

The compounds 3.1, 3.8a and 3.8b show absorption maximum at 316 nm (figyre
3.6a). In addition to peak at 316 nm compound 3.1 shows an absorption peak at 373
nm whereas compound 3.8a and 3.8b shows absorption at 386 nm. It shows that there
is a 13 nm shift in the absorbance on formation of cyclised perchlorate or nitrate salt
and the anion do not cause change in the absorption spectra of the products. All the
compounds 3.1, 3.8a and 3.8b are fluorescence active; similar to the UV-spectra the
emission spectra of the products (3.8a and 3.8b) are different from the starting
material (3.1). Compound 3.1 shows an emission peak at 497 nm upon excitation at

380 nm, whereas the compounds 3.8a and 3.8b shows an emission peak at 510 nm
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upon excitation at 380 nm. The emission spectra are shown in figure 3.6b. Thus, the
trend in change in fluorescence emission is similar to the absorption spectra that upon

cyclisation emission shift towards higher wavelength with enhancement of intensity.

12
|,
1]

_os ||

Intensity (a.u.)

B § 8888 8

3
208
]

04

02

280 300 ke.1} M 30 80 400 20 440
Wavalength (nm)

300 30 400 450 500 550 €00
Wavelangth (nm)

(a) (b)

Figure 3.6: (a) UV-Vis spectra of (1) compound 3.8a, (2) compound 3.8b and (3)
compound 3.1; (b) emission spectra (Aex = 380 nm) of (1) compound 3.8a. (2)

compound 3.8b and (3) compound 3.1. In all cases 10 M methanolic solution is used

The compound 3.2 shows an absorption maximum at 326 nm whereas the compounds
3.9, 3.10 and 3.11 shows an absorption maximum at 316 nm (10 nm shift). In
addition to peak at 316 nm the compound 3.9, 3.10 and 3.11 shows a peak at 379 nm,
369 nm, and 395 nm respectively. The UV-Visible spectra are shown in figure 3.7a.
All these compounds are fluorescence active except compound 3.9. The emission
spectr-a of compounds 3.2, 3.9, 3.10 and 3.11 are much different from each other as
shown in figure 3.7b. Compound 3.2 shows an emission peak at 398 nm upon

excitation at 310 nm (figure 3.7b).

80 300 20 340 380 380 400 420 440 450 480

Wavelength (nm) Wavelangth (nm)
(a) (b)
Figure 3.7: (a) UV-Vis spectra of (1) compound 3.2; (2) compound 3.9; (3) compound
3.11 and (4) compound 3.10; (b) emission spectra (Aex = 310 nm) of (1) compound
3.2; (2) compound 3.9; (3) compound 3.11 and (4) compound 3.10. In all cases 10 M

methanolic solution is used
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The fluorescence emission intensity is very weak for compound 3.9 (figure 3.7b);
however, the compound 3.10 shows an intense emission peak at 375 nm upon
excitation at 310 nm (figure 3.7b). Unlike the other compounds, 3.11 shows an

emission peak in a much different region i.e. at 463 nm upon excitation at the same

wavelength (figure 3.7b).

3.3 Structural study of the compounds 3.8 and 3.11

The crystal structure of compound 3.8a and 3.8b shows that the similar molecule

adopts different packing patterns guided by the anions. Compound 3.8a crystallises in

the orthorhombic space group Pnma whereas the compound 3.8b crystallises in the

monoclinic space group P2i/c. In chapter 2 it has been reported that in quinoline

based compounds the host molecule adopts different structural orientation depending

on the nature of the guests. Hence, this difference in structural orientation is attributed

to the effect of the size and structure of the counter anion. In case of 3.8a the counter
ion is a nitrate anion which is planar and in case of 3.8b the counter ion is perchlorate
anion which is of tetrahedral shape. Here, it is also observed that in case of compound
3.8a only one half of the molecule is present in the asymmetric unit (figure 3.8b),
whereas in compound 3.8b the whole molecule and the perchlorate anion is present in
the asymmetric unit (figure 3.9b).

The crystal structure of compound 3.8a shows interesting crystallographic features;
the asymmetric unit contains only one half of the molecule even though the molecule
is not symmetric. It is observed that the two nitrogen atoms (N1 and N2) and the two
carbon atoms (C2 and C7) are disordered and share 50% electron density each ag
shown in figure 3.8a. The presence of such disorder makes the molecule symmetric
and forces it to crystallise in a more symmetric space group Pnma. The self assembly
of the compound 3.8a is also governed by a number of weak interactions such as C-
H--O (C3-H3--02; C5-H5---01) and N-H--O interaction (N2-H2N-O3). These weak
interactions lead to formation of a two dimensional wave like net structure as shown

in figure 3.8c. The selected hydrogen bond parameters are tabulated in table 3.1.
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(c)
Figure 3.8: (a) Structure of 3.8a (C, N atoms are disordered) (b) ORTEP diagram of
the asymmetric unit of compound 3.8a (drawn with 50% thermal ellipsoid) (c) short

range interactions in 3.8a

Table 3.1: Hydrogen bond parameters of 3.8a

D-H-A don(A)  dg-a(A) dpa(A)  <D-HA()
N(2)-H(7A)0(3) [x, 1/2-y, z) 1.07 2.02 3.067(17) 164
N(2)-H(7B)-~0(3) [1/2-x,1/2+y,1/2+z]  1.30 2.46 3.435(15) 129
C(3)-H(3)-0(1) [1/2-x, 1-y,-1/2+2] 0.93 2.55 3.172(3) 124

The compound 3.8b forms a one dimensional chain with a C-H--O interaction (C4-
H4---:O1) which is further linked by other C-H-O interactions with the perchlorate
anion (C8-H8--02). The two one dimensional chains are further interlinked by a C-
H--O interaction (C2-H2--O1) and a 77 interaction (C6-C6, 3.336 A). The self
assembly formation of compound 3.8b is shown in figure 3.9b and the selected

hydrogen bond parameters are tabulated in table 3.2.
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Figure 3.9: (a) ORTEP diagram of the compound 3.8b, (drawn with 50% thermal

ellipsoid) (b) short range interactions in 3.8b

Table 3.2: Hydrogen bond parameters of 3.8b

D-H-A dou(A)  du-a(A) dpa(A) <D-H—AC)
N(2)-HQ2N) —~O(#)[ x, 1/2+y, 1/2-7] 0.86 2.16 2.980(4) 159
C(3)-H(3)0(5) [1-x,-1/2+y, 1/2-Z] 0.93 2.44 3.262(6) 147
C(4)-H(4)0(1) [14x, v, 7] 0.93 2.42 3.278(5) 152
C(8)-H(8)0(2) [x, 3/2-y,-1/2+2] 0.93 2.56 3.274(5) 134
C(11)-H(11B)0(2) [-x,-1/2+y, 1/2-z]  0.97 2.55 3.375(5) 144

The structure of the compound 3.11 is also determined by X-ray crystallography and
is shown in figure 3.10a. The compound 3.11 crystallises in the space group
monoclinic P2y/n. Its asymmetric unit comprises of a cation of a three fused.
heterocyclic ring and one perchlorate anion. The molecules are self-assembled and the
sclf-assembly is governed by m-m interactions (C8-C4, 3.370 A) and C-H--O
interactions (C6-H6+-01; C11-H11--01). Presence of these interactions leads tq
gement of molecules in the form of one dimensional chain. The perchlorate

arran
s are held between two such one dimensional chains through C-H--O (C4-

ion
?;...04; C2-H2--03) and N-H-O (N2-H2A--05) interactions. The two methyl
groups are projected away from each other which are expected and the methyl protons
are further involved in a C-H--O interaction (C12-H12A-+02) with the oxygen atom
of a perchlorate anion. The self assembly of the compound 3.11 is shown in figure

3.10b. The selected hydrogen bond parameters are tabulated in table 3.3.
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(b)

Figure 3.8: (a) ORTEP diagram of the compound 3.11 (drawn with 50% thermal
ellipsoid); (b) short range interactions in 3.11

Table 3.3: Hydrogen bond parameters of 3.11

D-H-A don(A)  dp-a(A)  dp.a(A)  <D-H-A(%)

N(2)-H(2A)+0(5) [1-x. 1-y,-z] 0.86 2.09 2.934(5) 167

C(2)-H(2)0(3) [-1+x, 1+y, 2] 0.93 2.46 3.384(7) 176

C(4)-H(4)0(4) [-1+x, v, 7] 0.93 2.39 3.305(7) 169

C(6)-H(6)O(1) [ x.-1+y, 2] 0.93 2.49 3.309(6) 146

C(11)-H(11)+-O(4) [-1+x, 1+y,z]  0.98 2.49 3.316(6) 141
Conclusion

In conclusion a three component reaction leading to a novel heterocyclic compound
is established. The heterocyclic compound further rearranges to another heterocycle in
presence of perchloric acid. The reactions are very specific to the solvent and the
reactants. The cyclisation to form C-N bond formation reactions in in the same
substrates 3.1 and 3.2 are also facilitated by copper(Il) and nickel(IT) ions. The
copper(I) mediated intra-molecular cyclisation reactions are substrate dependent. In
the case of 3.2 the initial cyclised product formed via C-N bond formation further
undergoes C-H activation to give OMe substituted derivative. Thus, in the case of
copper a mixture of mechanism involving cation and radical is favoured, whereas in
the case of nickel it is an ionic mechanism leading to anion exchange. Further to this,
the three fused ring heterocycles formed are fluorescence active. The structural study
of the cyclised product shows that the counter anion changes the symmetry of the
molecule.

This chapter definitely provides us a message that the use of the compounds 3.1 and

3.2 as receptor requires appropriate understanding of the reaction schemes taking
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place either with solvent or with an anion. The anion binding to modified substrates
can be used to distinguish between anions. The reactivity pattern of different metal
ions with the compounds enables to distinguish the receptors as well as the metal ions.
Thus it provides a scope for synthesis of new insitu generated receptors for

recognition of metal ions and anions.

Experimental
The synthetic methodology of compounds 3.1 and 3.2 are already reported in chapter
2.

Synthesis of compound 3.3:

RSN J%

2-Bromo-N-quinoline-8-yl-acetamide (3.1) (1.4 g, 5 mmol), 2-(4-methoxyphenyl)
ethylamine (0.735 mL, 5 mmol) and anhydrous potassium carbonate (1.03 g, 7.5
mmol) were added to dry acetone (20 mL) and the reaction mixture was stirred at
70°C for 12 hs (progress of the reaction was monitored at regular intervals by using
TLC). The reaction mixture was filtered to remove the residue and the solvent wag

removed under reduced pressure. The product obtained was purified by preparative

thin layer chromatography using silica gel with 30% ethylacetate in petroleum ether

as eluant.

Yield: 41%.
IR (KBr, cm™): 3125 (w), 3059 (m), 3008 (m), 2960 (m), 2923 (m), 1676 (s), 1658

(w), 1635 (m), 1613 (m), 1584 (m), 1511 (s), 1482 (s), 1387 (s), 1369 (W), 1270 (m),
1246 (s), 1172 (m), 1028 (m), 798 (m), 724 (m).

IH.NMR (CDCls, 400MHz): 8.4 (1H, s), 7.1 (2H, d, J = 8.4Hz), 6.8 (2H, d, J =
6.4Hz), 6.5 (3H, m), 6.3 (1H, d, J = 10Hz), 5.7 (1H, dd, J = 5.2, 10Hz), 4.5 (1H, dd, J
= 5.2, 10Hz,), 3.7 (3H, s), 3.53 (1H, s), 3.50 (2H, t, ] = 7.2Hz), 2.8 (2H, t, ] = 7.2Hz),
2.5 (1H, d, J = 10.4Hz,), 1.7 (3H, s), 1.1 (3H, 5), 1.0 (3H, s).

'C-NMR (CDCl;, 100MHz): 20.3, 24.7, 27.1, 36.6, 44.6, 53.2, 55.5, 59.5, 66.4,
71.5, 109.9, 113.9, 114.6, 118.7, 120.3, 121.8, 123.5, 124.8, 125.2, 129.0, 130.0,
132.9, 158.1, 166.5.

LC-MS [M']: 414.27.
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160 140 120 100 80 60 a0 20

Figure 3.11: C-NMR spectra of 3.3 (* indicates the peak for solvent)

Synthesis of compound 3.4:

N
o L,
clio, ®N
WNH

o
(¢]

Compound 3.3 (0.41 g, 1 mmol) was dissolved in dilute perchloric acid (3 M) and
heated for 10 min. The solution was kept undisturbed, yellow colour crystal of
compound 3.4 appeared after 6 days.

Yield: 46%.

IR (KBr, cm™): 3258 (m), 3110 (w), 3083 (m), 2962 (m), 1705 (s), 1608 (w), 1587
(m), 1541 (s), 1471 (m), 1427 (s), 1384 (m), 1361(m), 1239 (w), 1177 (m), 1100 (s),
927 (m), 839 (s), 764 (m), 623 (s).

'H-NMR (CDCly/DMSO-d®, 400MHz): 12.0 (1H, s), 9.4 (1H, d, J = 6Hz), 9.2 (1H, d,

J =8.4Hz), 8.2 (1H, m), 8.0 (1H, d, J = 8.4Hz), 7.9 (1H, t,J = 8.0Hz), 7.6 (1H, d, J =

7.6Hz), 6.0 (1H, s), 2.9 (1H, d, J = 18.4Hz), 2.6 (1H, d, ] =19.2Hz), 2.1 (3H, s), 1.0

(3H, s), 0.7 (3H, s).

BC-NMR (CDCly/DMSO-&°, 100MHz): 24.0, 24.7, 31.5, 51.2, 72.9, 118.9, 122.9,

123.2,127.3, 129.8, 131.0, 131.5, 148.3, 149.8, 162.1, 206.9

LC-MS [M+]: 283.17.

AR T  aEaaa e R s e et T T T T
200 180 160 140 120 100 80 60 40 20

Figure 3.12: *C-NMR spectra of 3.4 (* indicates the peak for solvent)
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Synthesis of compound 3.5':
=

N
NH

o}
o

2-Bromo-N-quinoline-8-yl-acetamide (3.1) (1.4 g, 5 mmol), 2-(2-methoxyphenyl)
ethylamine (0.735 mL, 5 mmol) and anhydrous potassium carbonate (1.03 g, 7.5
mmol) were added to dry acetone (20 mL) and the reaction mixture was stirred at 70
°C for 12 hs (progress of the reaction was monitored at regular intervals using TLC).
The reaction mixture was filtered to remove the residue and the solvent was removed
under reduced pressure. The product obtained was purified by preparative thin layer
chromatography using silica gel with 30% ethylacetate in petroleum ether as eluant.
Yield: 25%.

IR (KBr, cm™): 3432 (b), 2924 (s), 2853 (m), 1681 (s), 1596 (m), 1527 (s), 1491 (m),
1458 (m), 1384 (m), 1325 (m), 1244 (s), 1174 (w), 1024 (m), 827 (m), 792 (m),
753(s). )

'H-NMR (CDCls, 400MHz): 8.2 (1H, s), 6.4 (2H, m), 6.3 (1H, d, ] = 7.2Hz), 6.1 (1H,
d, J = 10Hz), 5.5 (1H, m), 4.1 (1H, m), 3.3 (1H, s), 2.6 (1H, d, J = 10Hz), 1.9 (3H, s),
0.9 (6H, s).

3C-NMR (CDCl;, 100MHz): 24.7, 26.9, 33.1, 45.3, 59.8, 68.6, 71.3, 114.8, 116.7,
119.1, 120.7, 122.1, 123.3, 136.3, 148.7, 165.5

LC-MS [M']: 283.15.
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Figure 3.13: 'H-NMR spectra of 3.5 (* indicates the peak for solvent and water

associated with solvent)
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Synthesis of compound 3.6:

/O_Q_\_NH HN 34

\_§O
2-Bromo-N-quinoline-8-yl-acetamide (1.4 g, 5 mmol), 2-(4-methoxyphenyl)
ethylamine (0.735 mL, 5 mmol) and anhydrous potassium carbonate (1.03 g, 7.5
mmol) were added to ethyl methyl ketone (20 mL) and the reaction mixture was
stirred at 70 °C for 12 hs (progress of the reaction was monitored at regular intervals
using TLC). The reaction mixture was filtered to remove the residue and the solvent
was removed under reduced pressure. The product obtained was purified by
preparative thin layer chromatography using silica gel with 30% ethylacetate in
petroleum ether as eluant.
Yield: 55%.
IR (KBr, cm™): 3315 (m), 2925 (m), 2851 (w), 1655 (s), 1612 (w), 1579 (w), 1530 (s),
1488 (m), 1463 (m), 1424 (w), 1326 (s), 1245 (s), 1175 (m), 1033 (m), 786 (s),
750(m).
'H-NMR (CDCls, 400MHz): 10.5 (1H, s), 8.7 (2H, m), 8.1 (1H, d, J = 6.8Hz), 7.5
(3H, m), 7.4 (1H, q, ] = 4Hz), 7.1 (1H, d, J = 8.4), 6.8 (1H, d, ] = 8.8), 4.3 (3H, s), 3.7
(2H, s), 3.5 (1H, s), 2.9 (2H, t, ] = 6.8Hz,), 2.8 (2H, t, ] = 6.0.Hz).
BC-NMR (DMSO-d%/CDCl;, 100MHz): 28.8, 34.9, 62.0, 85.4, 115.5, 121.1, 121.2,
126.4,127.3, 129.0, 133.3, 135.6, 137.6, 147.8, 170.6
LC-MS [M']: 336.17
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Figure 3.14: '"H-NMR of spectra 3.6 (* indicates the peak for solvent)
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Synthesis of compound 3.7:

=z

SN

" HN___O
S
2-bromo-N-(quinolin-8-yl)propanamide (3.1) (1.5 g, 5 mmol), 2-(4-methoxyphenyl)
ethylamine (0.735 mL, 5 mmol) and anhydrous potassium carbonate (1.03 g, 7.5
mmol) were added to dry acetone (20 mL) and the reaction mixture was stirred at 70
°C for 12 hs (progress of the reaction was monitored at regular intervals using TLC).
The reaction mixture was filtered to remove the residue and the solvent was removed
under reduced pressure. The product obtained was purified by preparative thin layer
chromatography using silica gel with 25% ethylacetate in petroleum ether as eluant.
Yield: 46%

IR (KBr, cm™): 3431 (bs), 2923 (m), 1706 (m), 1637 (s), 1467 (m), 1405 (m), 1382
(m), 636 (m).

H.NMR (CDCls;, 400MHz): 8.9 (1H, s), 7.5 (1H, d, J = 9.6Hz), 7.3 (1H, d, J =
9.6Hz), 7.1 (1H, d, J = 8.0Hz), 7.0 (1H, t, T = 7.6 Hz), 6.9 (1H, d, J = 7.6Hz), 6.8 (1H,
m), 4.6 (1H, m), 3.8 (2H, s), 2.4 (3H, s), 1.7 (3H, s), 1.5 (3H, s), 1.4 (3H, s), 1.2 (3H,

s).
I3C.NMR (CDCls, 100MHz): 16.5, 24.3,27.1, 30.2, 47.6, 58.3, 113.5, 121.4, 124 3,

128.3, 131.4, 138.6, 139.7, 142.1, 151.3, 163.4, 203.2
LC-MS [M']: 298.15
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Figure 3.15: 'H-NMR spectra of 3.7 (* indicates the peak for solvent and water

associated with solvent)
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Synthesis of compound 3.8a:

2-bromo-N-(quinolin-8-yl)acetamide (3.1) (1 mmol, 0.263 g) was dissolved in
methanol (15 mL) and copper (II) nitrate (1 mmol, 0.241 g) was added. The solution
was then stirred for 30 minutes in room temperature and kept undisturbed. Brown
coloured crystals of compound 3.8a were observed after 3 days. The solution is then
filtered to isolate the product. The same reaction was also performed with nickel (IT)
nitrate which resulted in similar yield of compound 3.8a.

Yield: 72%.

IR (KBr, cm™): 3434 (bm), 3043 (m), 3013 (m), 2929 (m), 2852 (w), 1698 (s), 1584
(m), 1543 (m), 1491 (w), 1384 (s), 1239 (W), 1154 (w), 1130 (w), 839 (m), 795 (W),
754 (w), 526 (w).

'H-NMR (DMSO-d®, 400MHz): 11.8 (1H, s), 9.2 (1H, d, J = 6.0Hz), 9.1 (1H, d, J =
8.4Hz), 8.2 (1H, t, J = 6.0Hz), 7.9 (2H, m), 7.5 (1H, d, J = 7.2Hz), 5.6 (2H, s)-
13C.NMR (DMSO-d%, 100MHz): 56.2, 118.1, 122.8, 123.5, 126.7, 130.0, 131.4,
147.2, 147.7, 161.6.

LC-MS [M"]: 185.09.

Vis: (\max 386 nm), € = 6.5 x 10*M™ cm™.
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Figure 3.16: '"H-NMR spectra of 3.8a
Synthesis of compound 3.8b:

N

- )

&N Clo,
NH

(o]
A similar procedure to 3.8a was used for the synthesis of compound 3.8b, only

difference is that in this case copper (II) perchlorate was used instead of copper (II)
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nitrate. The same reaction was also performed with nickel (II) perchlorate which
resulted in similar yield of compound 3.8b.

Yield: 74%.

IR (KBr, cm™): 3433 (bm), 3013 (m), 2928 (m), 2852 (m), 1698 (s), 1607 (w), 1584
(m), 1543 (s), 1428 (m), 1417 (m), 1385 (s), 1298 (w), 1240 (m), 1144 (s), 1115 (s),
1079(s), 909 (w), 838 (m), 754 (m), 624 (m).

Vis: (\max 386 nm), £ = 1.17 x10*M™" cm™.

Synthesis of compound 3.9:

2-bromo-N-(quinolin-8-yl)propanamide (3.2) (1 mmol, 0.279 g) was dissolved in
methanol (15 mL) and copper (II) perchlorate (1 mmol, 0.370 g) was added. The
solution was then stirred for 30 minutes in room temperature and kept undisturbed.

Brown coloured crystals of compound 3.9 were observed after 4 days. The solution is

then filtered and the product is isolated.

Yield: 47%.

IR (KBr, cm™): 3433 (bs), 3006 (m), 2934 (w), 2890 (W), 2853 (m), 1704 (s), 1583
(W), 1545 (m), 1495 (w), 1469 (m), 1390 (m), 1275 (w), 1229 (m), 1174 (m), 1143
(s), 1114 (s), 1086 (s), 839 (m), 625 (m).

'H-NMR (DMSO-d®, 400MHz): 12.3 (1H, s), 9.6 (1H, d, J = 5.6Hz), 9.3 (1H, 4, J =
8.0Hz), 8.3 (1H, d, J = 6.0Hz), 8.1(1H, d, J = 8.0Hz), 7.9 (1H, t, J = 8.0Hz), 7.6 (1H,
d, J=7.2Hz), 3.5 (3H, s), 1.9 (3H, s).

BC.NMR (DMSO-d®, 100MHz): 23.7, 48.8, 63.2, 118.0, 122.8, 123.6, 125.5, 129.9,
130.3, 131.0, 147.0, 147.3, 164.5.

LC-MS [M+]: 229.09.

Vis: (Amax 379 nm), € =3.7 x 10° M ecm™".
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Figure 3.17: "H-NMR spectra of 3.9 (* indicates the peak for solvent and water

associated with solvent)

Synthesis of compound 3.10:

Compound 3.10 was synthesised by a procedure similar to compound 3.9, except in
this case ethanol was used as solvent instead of methanol.

Yield: 63%.

IR (KBr, cm™): 3444 (bs), 1627 (s), 1501 (m), 1467 (m), 1399 (m), 1121 (w), 1086
(w), 829 (w), 788 (w), 636 (W).

'H-NMR (DMSO-d®, 400MHz): 11.8 (1H, s), 9.5 (1H, d, J = 5.6Hz), 9.2 (1H, d, J =
8.4Hz), 8.2 (1H, t, J = 6.0Hz), 8.0 (1H, d, J = 8.4Hz), 7.9 (1H, t, ] = 7.6 Hz), 7.6
(1H.d, J = 7.6 Hz), 5.8 (1H, q, J = 7.2 Hz), 3.4 (2H, m), 1.8 (3H, d, J = 7.6 Hz); 1.0
(3H, t, J = 8.8 Hz).

BC-NMR (DMSO-d®, 100MHz): 19.1, 24.1, 56.7, 63.5, 118.3, 123.2, 124.1, 125.9,
130.2,130.7, 131.4, 147.3, 147.7, 164.9.

LC-MS [M-1]: 243.13,.

Vis: (Amax 369 nm), € = 6.2 x 10° M em’.
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Figure 3.18: *C-NMR spectra of 3.10 (* indicates the peak for solvent)
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2-bromo-N-(quinolin-8-yl)propanamide (3.2) (1 mmol, 0.279 g) was dissolved in
methanol (15 mL) and nickel (I) perchlorate (1 mmol, 0.365 g) was added. The
solution was then stirred for 40 minutes in room temperature and kept undisturbed.
Brown coloured crystals of compound 3.11 were observed after 3 days. The solution
is then filtered to isolate the product.

Yield: 71%.

IR (KBr, cm™): 3424 (bs), 3043 (m), 2903 (w), 1694 (s), 1607 (w), 1587 (w), 1542
(m), 1492 (w), 1422 (m), 1392 (m), 1365 (m), 1241 (w), 1140 (s), 1116 (s), 1078 (s),
835 (m), 760 (w), 624 (m).

'H.NMR (DMSQ-ds, 400MHz): 11.8 (1H, s), 9.5 (1H, s), 9.2 (1H, d, J = 7.6Hz), 8.2
(1H, d, J = 5.2Hz), 8.0 2H, m), 7.5 (1H, d, J = 6.8Hz), 5.8 (1H, m), 1.8 (3H, s).
3C.NMR (DMSO-&°, 100MHz): 24.1, 63.5, 118.3, 123.1, 124.0, 125.9, 130.2, 130.6,
131.4, 147.3, 147.6, 164.9.

LC-MS [M+]: 199.03.

Vis: (\max 395 nm), € = 4.3 x 10°M™" cm™!,

i i\ Y
kl ,l/e -
ki f o8, %dNH 0. ! a
c o 0
s Lnl .
160 l 140 120 100 80 60 4'0 20

Figure 3.19: ?C-NMR spectra of 3.11 (* indicates the peak for solvent)

Synthesis of 3.12:

N

S

e
(o]

HN

J
5-aminoquinoline (0.720 g, 5 mmol) was dissolved in dry dichloromethane (20 mL)
and triethylamine (0.693 mL, 5 mmol) was added to it. The solution was stirred at 0°C

for 15 min and bromoacetylbromide (0. 434 mL, 5 mmol) was added to the stirred
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solution over a period of 30 min. The reaction mixture was stirred overnight at room
temperature. It was then filtered to remove the hydrobromide salts, and the filtrate
was removed under reduced pressure. The corresponding amide obtained was
recrystallised from dichloromethane.

Yield: 72%.

IR (KBr, cm™): 3438 (s), 2917 (m), 1688 (s), 1629 (s), 1629 (s), 1569 (s), 1533 (s),
1409 (m), 1368 (m), 1204 (m), 812 (m).

'H-NMR (DMSO-d®, 400MHz): 11.0 (1H, s), 9.5 (1H, d, J = 8.4Hz), 9.3 (1H, d, J =
5.2Hz), 8.2 (2H, d, J = 6.8Hz), 8.0 (2H, m), 4.3 (2H, s).

>C-NMR (DMSO-d®, 100MHz): 29.2, 117.4, 120.8, 123.8, 135.0, 138.1, 143.0,
144.1, 166.6

LC-MS [M+]: 265.01

Figure 3.20: 'H-NMR spectra of 3.12
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Chapter 4

Synthesis, characterization and anion recognition
properties of urea and carbamide derivatives of
quinoline

Urea derivatives find a wide range of applications in supramolecular chemistry due to
their strong and directional hydrogen bonding. They form planar urea tap motifs and
such motifs can break down in the presence of guest molecules or anions.' The anion
recognition property of urea derivatives are well known in both in solid and in
solution state2* As discussed in chapter 1, urea derivatives have higher binding
affinity for anions than the corresponding amide derivatives. Receptors having urea
motifs are useful for selective binding of carboxylic acids such as dibutylmalonic
acid.” Owing to their versatile biological applications, design and synthesis of
receptors for selective binding of carboxylic acids are of interest.!! There are several
examples of receptors for dicarboxylic acids and their binding properties are explored
in details.'>?! Troger’s base analogues have been reported to recognise dicarboxylic
acids.?**” Recently, it is shown that dicarboxylic acids form salts and co-crystals with
pyridine receptors depending upon the orientation of the acid groups.zg'34 Further to
this, conformational changes brought about in dicarboxylic acid by receptors have
practical applications in memory devices.3*3¢ Binding of the carboxylic acids to
nitrogen containing receptors have great diversity3 6-38 and such binding also leads to
changes in the physical properties of the parent compounds.39

In the preceding chapter it is shown that the anion recognition properties of amide and
ester derivatives of quinoline led to identifications of new receptors. So in
continuation of search for new selective anion recognition properties, urea and
carbamide derivatives of quinoline are synthesised and their anion binding abilities

are discussed here.
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4.1 Synthesis and characterization of urea and carbamide derivatives of

quinoline
S

Z = “
H H N H N
N.__NH N__NH N__O
o'y o Oy
o) o) o}
4.1 4.2 4.3 :
The urea derivatives 4.1, 4.2 and the carbamide derivative 4.3 were synthesized by

reacting phenylisocyanate with the corresponding amino or hydroxyquinoline as

NS
( jij PANCO —M I::jij "

shown in scheme 4.1.

X=N,Y=C,Z=NH; 4.1
X=C.Y=NZ=NH 4.2
X=C,Y=N,Z=0; 43
Scheme 4.1: Synthesis of compound 4.1, 4.2, 4.3

The compounds were characterised by using various spectroscopic techniques such as

NMR, IR, LC-MS etc. As a representative case the '"HNMR spectra of the receptor 4.1

is shown in figure 4.1.

Figure 4.1: "H-NMR spectra of 4.1 (only the aromatic region is shown)

The urea and carbamide derivatives were further allowed to bind with different
dicarboxylic acids. However, it is found that only receptor 4.1 interacts with
dicarboxylic acids by forming either co-crystals or salts under ambient condition. This
is confirmed by the visible, IR and the NMR spectra of the precipitate obtained from

each mixture and comparing them with the starting compound.
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The urea derivative, 1-phenyl-3-(quinolin-5-yl)urea (4.1) is crystallized with different
dicarboxylic acids such as fumaric acid (4.4), maleic acid (4.5), 1,4-phenylenediacetic
acid (4.6), malonic acid (4.7), phthalic acid (4.8), terephthalic acid (4.9), adipic acid
(4.10) and pyridine 2,3-dicarboxylic acid (4.11) to obtain either the salt or co-crystal

of the corresponding acid as shown in scheme 4.2.
2:1 CO-CRYSTAL (4.4)

1:1 SALT (4.11) 1:1 SALT (4.5)

e
PYRIDINE-2,3-DI MALEIC
CARBOXYLIC ACID ACID

)L : 1,4-PHENYLENE

ADIPIC ACID DIACETIC ACID

21 CO-CRYSTAL +—————— ™\ DIACETIC ACID _ 2.1 co-cRYSTAL
(4.10) N? (4.6)
41 MALONIC
ACID

TEREPHTHALI

ACID PHTHALIC

ACID
2:1 CO-CRYSTAL 2:1 SALT (4.7)

(4.9) 1:1 SALT (4.8)

Scheme 4.2: Salts and co-crystals of 4.1

4.2 Structural studies of the salts and co-crystals of 1-phenyl-3-(quinolin-5-
ylurea

The receptor 4.1 crystallizes in the space group monoclinic Pc with one molecule in
the crystallographic asymmetric unit. The structure is featured by urea-urea
interaction that leads to the formation of urea tape motif. The bifurcated N-H--O
hydrogen bonding (dp.--a (A), N1-H1A--O1, 2.05(19); N2-H2A--O1, 2.18(2), and
<D-H:A (°), <N1-H1A--O1, 156.1(19); < N2-H2A--0O1, 152(2) is the only weak
interaction present in the lattice of the molecule. The structure of the hydrogen
bonded tape motif of 4.1 is shown in ﬁgure 4.2.

/ ,\ -
A f ] )’
Y A \,’ S
Figure 4.2: Urea tape motif in 4.1 showmg the N-H---O interactions
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The receptor 4.1 on treatment with fumaric acid forms a colourless co-crystal 4.4.
The co-crystal 4.4 crystallizes in the space group monoclinic P2,/c. The fumaric acid
molecule lies on an inversion centre with only half of the molecule contained in the
crystallographic asymmetric unit (figure 4.3a). One molecule of fumaric acid is held
in between two molecules of 1-phenyl-3-(quinolin-5-yl)urea through intermolecular
hydrogen bonding (O3-H3A--N1 dp.52.72 A).

,&swg“ o e
(a) c

(b)
Figure 4.3: (a) Asymmetric unit of 4.4 (ORTEP diagram drawn in 50% probability

ellipsoid); (b) hydrogen bonding network in co-crystal 4.4

Another important structural feature is the presence of urea-like R,'(6) interactions
(N2-H2N:--O1 dp.-.4 2.89 A and N3-H3N--01, dp. 2.80 A) that leads to the growth of
urea tape (figure 4.3b).The hydrogen bond parameters are listed in table 4.1.

Table 4.1: Hydrogen bond distances and angles for compound 4.4

D-H-A dpn(A) dia(A)  dp.a(A) <D-H-A(%)
N(2)-H(2N) -~0(1) [x, y-1, 2] 0.83(2) 2.12(2) 2.890(2) 153(2)
O(3)-H(3A)-N(1) [x, -y+3/2, z-1/2]  0.82 1.91 2.716(2) 168
N(3)-H(3N) --0(1) [x, y-1, z] 0.78(2) 2.07(2)  2.796(2) 155(2)

On treatment with maleic acid, receptor 4.1 forms a yellow coloured salt (4.5). The
salt 4.5 crystallizes in the space group triclinic P-1with one protonated 4.1 cation and
one maleic acid anion in the asymmetric unit (figure 4.4a). The urea tap motif is not
maintained in this case instead a hydrogen bonding between the urea N-H and the
carboxylate group (N2-H2N---O2 and N3-H3N---02) (table 4.2) is observed. Another
intra-molecular hydrogen bonding in the maleate anion (O3-H3A--04) is also
observed. The other carboxylate group of maleate anion forms hydrogen bonds with

the protonated quinoline N (N1-HIN--O4). The hydrogen bonded assembly is shown
in figure 4.4b.
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(b)
Figure 4.4: (a) Asymmetric unit of the salt 4.5 (ORTEP diagram drawn in 50%
probability ellipsoid); (b) hydrogen bond network in the salt 4.5

Table 4.2: Hydrogen bond distances and angles for compound 4.5

D-H-A don(A)  du-a(A) dp-a(A) <D-H—A()
N(1)-H(1)-0(4) 0.89(4) L.79(4) 2.679(4) 176(4)
N(2)-H@N)-0Q2) [x. v, z-1]  0.81(3) 2.11(3) 2.881(4) 161(3)
NG)-HGBN)-0@2) [x. v, z-1]  0.84(3) 2.253)  3.025(4) 154(3)
03-H3A-04 0.82 1.59 2.410(4) 177

A colourless co-crystal 4.6 is formed when receptor 4.1 is treated with 1, 4-

phenylenediacetic acid. The co-crystal 4.6 crystallises in the space group monoclinic

P2)/c. In this case also the 1, 4-phenylenediacetic acid molecule lies at an inversion

centre with only half of the molecule contained in the crystallographic asymmetric

unit (figure 4.5a). It has a structure analogous to that of 4.4. Accordingly. one

molecule of 1,4-phenylenediacetic acid is held together by two molecule of 1-phenyl-

3-(quinolin-5-yl)urea through intermolecular hydrogen bonding (O3-H3A---N1). The

urea-urea tape hydrogen bonding (N3-H3N--O1 and N2-H2N---O1) is one of the

major weak interaction (table 4.3) dominating the structural feature of 4.6 (figure

4.5b).

)L\g'“u:f
is ey i 2 EL" \-.’V“ii
S

(a)

(b)
Figure 4.5: (a) Asymmetric unit of 4.6 (ORTEP diagram drawn in 50% probability

ellipsoid); (b) hydrogen bonding network in 4.6
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Crystal structure of the co-crystal shows disorder in the carboxyl group of the acid
molecule as shown in figure 4.4a.

Table 4.3: Hydrogen bond distances and angles for 4.6

D-H—A el A dira(A) dp-a(A) <D-H-—A()
N(2)-H(2N) —0(1) [x.1+y.Z] 0.86 2.12 2.897(2) 150
0(3)-H(3A) -N(1) [x,1/2-y,1/2+2]  0.82 1.91 2.718(4) 166
N(3)-H(3N) -0(1) [x,1+y,2] 0.86 2.01 2.817(2) 155

Receptor 4.1 on treatment with malonic acid forms a yellow coloured salt 4.7. The
salt 4.7 crystallizes in the space group monoclinic C2/c. In the crystal lattice the
malonate ion lies on an inversion centre with only half of the anion contained in the
crystallographic asymmetric unit (figure 4.6a). It has its central carbon atom on a
twofold axis. Although we have got a salt with malonic acid the basic structural unit
does not vary with those of the co-crystals. The malonate anions are held between
two 1-phenyl-3-(quinolin-5-yl)urea molecule through intermolecular hydrogen
bonding (N1-H1----O2) (table 4.4), however in this case the donor atom for hydrogen
bonding is the nitrogen atom of the quinoline ring. The structure is also featured by
the retention of hydrogen bond pattern of urea tape motif (N2-H2N---O1 and N3-
H3N---01) of its parent molecules. The carboxylate oxygen atoms are found to be

disordered as in the case of salt 4.7 as shown in the figure 4.6a.

(a) (b)
Figure 4.6: (a) Asymmetric unit of 4.7 (ORTEP diagram drawn in 50% probability
ellipsoid); (b) hydrogen bonding network in 4.7

Table 4.4: Hydrogen bond distances and angles for compound 4.7

D'H""A dD_H(A) dHA(A) dDA(A) < D'I'IA(D)
N(D-H(1) —O0@2) [ %, -y+2, z+1/2] _ 0.86 1.88 2.724(5) 165.3
N@3)-HBN)-0(1) [x, y-1, 7] 0.86(2)  2.01(2) 2.812(2)  155(2)
N(2)-H(2N)--0(1) [x, y-1, ] 0.84(2)  2.13(2) 2.907(2)  154(2)
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Phthalic acid forms a yellow coloured salt (4.8) with receptor 4.1. The salt 4.8
crystallizes in the space group orthorhombic Pbcn with one protonated cation of 4.1
and a phthalate anion in the asymmetric unit (figure 4.7a). The urea tap motif is not
observed in the structure of this salt, instead two hydrogen bond between the oxygen
atom of the phthalate anion and the urea nitrogen atom is observed (N2-H2N----O4,
N3-H3N----O5) (table 4.5). Another intermolecular hydrogen bond between the
protonated nitrogen atom of the quinoline ring and the carboxylate group of phthalate

anion (N1-H1N---02) is also present in the crystal structure (figure 4.7b).

® i
oo NP i W
Q&f&%ﬁjﬁ
(2) (b)

Figure 4.7: (a) Asymmetric unit of 4.8 (ORTEP diagram drawn in 50% probability
ellipsoid); (b) hydrogen bonding network in 4.8

Table 4.5: Hydrogen bond distances and angles for compound 4.8

""D-H—A doa(A) dg-a(A) dp-a(A) <D-H—A()
N(D-H(IN) -0(Q2) [x-y.-1/2+z] 1.053) 1.68(3) 2.714(2) 168(2)
N(2)-H@2N) -+0(4) [-x.y,1/2-7] 0.86 2.16 3.0153) 177
N(3)-H(3N) -0(5) [-x.y.1/2-7] 0.86 2.14 2.9703) 163
0(3)-H(4A) 0(4) 1.25(4)  1.12(4)  2367(3)  174(4)

Terephthalic acid forms a colourless co-crystal (4.9) with receptor 4.1. The co-crystal
4.9 crystallizes in the space group monoclinic P2;/c where the terephthalic acid
molecule lies on an inversion centre with only half of the molecule contained in the
crystallographic asymmetric unit (figure 4.8a). The urea tap motif of the receptor
molecule is maintained in the co-crystal (N2-H2N---O1, N3-H3N----O1). Another
intermolecular hydrogen bonding between the quinoline N atom and the carboxylic
acid (02-H2-+N1) forms a bridge between two receptor molecules as shown in figure

4.8b. The hydrogen bond parameters are shown in table 4.6.
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Figure 4.8: (a) Asymmetric unit of 4.9(ORTEP diagram drawn in 50% probability

ellipsoid); (b) hydrogen bonding network in 4.9

Table 4.6: Hydrogen bond distances and angles for compound 4.9

D-H-A dpu(A)  di.a(A)  dp..a(A)  <D-H--A(%)
N@)-H2N) —0(1) [ x-1+y,z) 0.86 210 - 2.864(1) 148
N(3)-H3N) 0(1) [ x,-1+y,2] 0.86 1.98 2.779(2) 155
0(2)-H(2A) ~-N(1) [ x.3/2-y,1/2+z] 0.82 1.89 2.697(2) 168

The receptor 4.1 forms a colourless co-crystal with adipic acid (4.10). The co-crystal

4.10 crystallizes in the space group monoclinic P2i/c with half of the adipic acid

molecule and a molecule of receptor 4.1 in the crystallographic asymmetric unit

(figure 4.9a). The co-crystal 4.10 forms an analogous structure with the other co-

crystals by maintaining the urea tap hydrogen bonding interaction (N2-H2N---Of1,

N3-H3N--+01) (table 4.7). The carboxylic acid group of adipic acid form hydrogen

bonds with the quinoline N atom (O3-H3----N1). The hydrogen bonded self assembly

of the co-crystal is shown in figure 4.9b.

Figure 4.9: (a) Asymmetric unit of 4.10 (ORTEP diagram drawn in 50% probability
ellipsoid); (b) hydrogen bonding network in 4.10

Table 4.7: Hydrogen bond distances and angles for compound 4.10

D-HA dD-H(A) dHA(A) dDA(A) < D"PIA(O)
N(2)-H(2N) --O(1) [ x.-1+y.z] 0.85(2) 2.10(2) 2.870(3) 150(2)
N(3)-H(3N) -O(1) [ x.-1+y,z] 0.90(3) 1.98(3) 2.798(4) 150(2)
O(3)-H(3A) ~~N(1) [ x,3/2-y,1/2+z]  0.82 1.92 2.707(5) 162
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We have extended our result to a pyridine dicarboxylic acid namely pyridine-2, 3-
dicarboxylic acid, to understand the changes in bonding pattern as well as the
deprotonation process. Accordingly the salt 4.11 was prepared and it is found to
crystallize in the space group triclinic P-1. It is observed that only one of the
carboxylate group of pyridine-2,3-dicarboxylic acid gets deprotonated and remains
hydrogen bonded with the protonated quinoline N-H (N1-HIN---O3). The H-atom
attached to the quinoline nitrogen is also hydrogen bonded with the nitrogen atom of
pyridine-2,3-dicarboxylic acid (N1-HIN-+N4). Due to the presence of the two
carboxylate groups similar to that of maleic acid and phthalic acid we did not observe
the urea tape motif. The deprotonated carboxylic acid group forms intermolecular
hydrogen bonds with the urea hydrogens (N2-H2N----O3 and N3-H3N---O2), which is
responsible for the breakdown of the hydrogen bond urea tape motif present in the
structure of the original molecule. Another interesting structural feature of the salt is
the presence of intermolecular hydrogen bonding (O5-H5---O4) between two
carboxylic acid groups which leads to formation of a dimeric assembly of mono
def)rortonated pyridine-2,3-dicarboxylic acid. In the assembly of the salt 4.11, intra-
molecular hydrogen bond (O5-H5-04) between the one carboxylate anion and a

carboxylic acid group is also observed (figure 4.10 and table 4.8).

o1

N3 N2 5

(b)

Figure 4.10: (a) Asymmetric unit of 4.11 (ORTEP diagram drawn in 50% probability
ellipsoid); (b) hydrogen bonding network in 4.11

Table 4.8: Hydrogen bond distances and angles for compound 4.11

D-H-A don(A)  dgald) dp.a(d) <D-H—A()
N(1)-H(IN) ~-N(4) [x+1, y, 7] 0.942) 1.97(2) 2.888(2) 167(2)
N(2)-H@2N) -0@3) [ -x+1, -y+1,-z+1]  0.89(2) 1.952) 2.832(2) 168(2)
NG3)-H(3N) 0(2) [ =x+1, -y+1, -z+1]  0.88(2) 1.902) 2.7732) 172(2)
O(5)-H(5) ~0(4) [-x+1, -y+2, -z+2] 1.24(4)  1.40(4)  2.622(2) 169(3)
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From crystal design and engineering viewpoint the above structures (4.4-4.11) can be
divided into two categories. First one, those with urea:---urea and acid:---pyridine H
bonding (4.4, 4.6, 4.7, 4.9 and 4.10) and secondly, those with urea----COOH/COO™ H
bonding (4.5, 4.8 and 4.11).

The solid state NMR spectra of the co-crystal 4.4 and the salt 4.5 are also studied
which shows a difference in the chemical shift value of the carboxylic acid carbons.
Solid-state *C CPMAS NMR of co-crystal 4.4 shows that the peak for the carboxylic
acid carbon of fumaric acid is at 156 ppm (ﬁgure 4.11).
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Figure 4.11: Solid-State '?C CPMAS NMR of co-crystal 4.4

In case of the salt 4.5 the peak for the carboxylate carbon of maleate anion is at 169
ppm (figure 4.12). The peak for the urea carbon is at 167 ppm for both the Co-Cryata]
(4.4) and the salt (4.5). Thus the distinction of the salt and co-crystals can be dope

from their respective solid state NMR spectra.
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Figure 4.12: Solid-State *C CPMAS NMR of salt 4.5
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4.3 Visual distinction of the salts and co-crystals

The interesting features of these salts or co-crystals are that they can be distinguished
from each other by looking at their colour morphology and from their optical spectra.
Generally the co-crystals are colourless whereas the salts are yellow in colour. As an
illustrative example, the crystal morphology of co-crystal 4.4 and salt 4.5 are shown

in figure 4.13. The co-crystal 4.4 is a colourless needle shape crystal whereas the salt

4.5 is a yellow coloured blocks.

(b)
Figure 4.13: Colour morphology of crystals distinguishing regioisomers (a) co-crystal
with fumaric acid; (b) salt with maleic acid with 4.1; Inset: photograph of the single

crystals
The compound 1-phenyl-3-(quinolin-5-yl)urea (4.1) has an absorption maximum at
320 nm in methanol. While on subsequent addition of a maleic acid solution to a
solution of 1-phenyl-3-(quinolin-5-yl)urea leads to corresponding salt which shows an
absorption maximum at 400 nm, and from a titration of the receptor with maleic acid
solution leads to an isosbestic point (figure 4.14). The peak at 400 nm is indicative of
a protonated 1-phenyl-3-(quinolin-5-yl) urea. This peak is observed from interaction
of 4.1 with any mineral acid also; thus, we can attribute to the formation of salt, as
this peak is observed by protonation with other mineral acids. However, in the case of

co-crystals of acids with 4.1, we did not observe the peak at 400 nm.

0.25
0.2
0.15
0.1
0.05

Abs (a.u)

0 T T T
270 320 370 420 470
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Figure 4.14: Changes in absorption spectra of 4.1 (10 M in methanol) on addition of

maleic acid (10 M in methanol in 20 pL aliquot each)

129
TH-1869_08612201



Chapter 4

Fumaric acid forms co-crystals with compound 4.1 whereas its stereoisomer maleic
acid forms a salt. On the basis of this we have done control experiment by adding a
solution of maleic acid to co-crystals of fumaric acid and vice-versa and found that
the compound 4.1 binds preferentially to maleic acid in presence of fumaric acid. To
prove this we have prepared a methanolic solution of compound 4.1 and fumaric acid
(1:1) and to it constant aliquot of maleic acid was added. On gradual addition of acid
solution a peak at 400 nm appears which suggests the binding of maleic acid to
compound 4.1.

Another.pair of positional isomer namely phthalic acid and terephthalic acid can also
be distinguished by virtue of the formation of salt and co-crystal. Phthalic acids forms
a yellow coloured salt whereas terephthalic acid forms a colourless co-crystal. We
have also studied the UV-visible spectra of the parent carboxylic acids i.e., phthalic
acid and terephthalic acid (figure 4.15). Phthalic acid absorbs at 273 nm and on
addition of base such as triethyl amine no absorbance in the visible region is
observed. Similarly in the case of terephthalic acid which absorbs at 285 nm, no
absorbance at the visible region is observed on addition of triethyl amine. Hence, the
yellow colour of the salts is only because of the protonated form of the receptor 4.1.

Further, the mineral acid salts of 4.1 are also yellow coloured.

2
as .0 —— terephthallc acdd + triethyl amine
3 —— Pththalicadd 18 ~— terephthalicacid
2., —— Phthalicacd + triethyl amtne  F 14
- 1.2
z, £
.g 3 o8
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20 zo 20 0 30 30 (nm;m W a0 Wavelength {nm)
@ ®

Figure 4.15: Changes in the absorption spectra of (a) phthalic acid (10* M in
methanol) and (b) terephthalic acid (10 M in methanol) on addition of 20 pL of

triethyl amine

It has been shown in literature that the n-n* and n-n* levels in quinoline derivatives
are very close. Thus the protonation and hydrogen bonding make the difference in the

observation of colour change. This may be quantitatively explained as follws. For

130
TH-1869_08612201



Chapter 4

example, in receptor 4.1 in the usual condition it has the broad absorption maximum

at 320 nm (figure 4.14) due to the n-n* and n-n* transition.

A n* n A A ne e
Protonation

Hydrogen bonding [ 4>
! p2

Very less change [
eryies 8 n electrons gets stabilized

Figure 4.16: Qualitative energy level diagram to show the changes in the elrctronic

spectra of 4.1

In the case of weak hydrogen bonding tha n electrons are slightly effected whereas
upon protonation it gets stabilized and the m-n* transition dominates which is

reflected in the UV-visible spectra (figure 4.16).

4.4 Structural study of the mineral acid salt of 4.1, 4.2, and 4.3

We have tried preparation of similar salt/co-crystals with other receptors such as 1-
phenyl-3-(quinolin-8-yl)urea (4.2) and quinoline-8-yl phenylcarbamate (4.3) having
slightly different structures than 4.1. These molecules are found to be poor in binding
to the dicarboxylic acid. However, the mineral acids, such as perchloric acid binds
rapidly to compound 4.1, 4.2 and 4.3. Hence, the compound 4.2 and 4.3 are selective
only for the mineral acids. The receptors 4.1, 4.2, and 4.3 were treated with different
mineral acids. Unfortunately no good diffraction quality crystals were obtained from
acids other than perchloric acid. The mineral acid binding of these receptors lead to
the formation of symmetry non-equivalent molecules i.e., the existence of more than
one molecule in the crystallographic asymmetric unit. The number of molecules in
the asymmetric unit is represented by the symbol Z'.

The receptor 4.1 crystallizes with only one molecule in its asymmetric unit (Z'=1).
The compound 4.12, perchlorate salt of 4.1 crystallizes in the space group monoclinic
P2,/c. This structure is featured by three symmetry independent molecules (Z'=3)
with a total of eight molecules (Z"'=8) in the crystallographic asymmetric unit. The
asymmetric unit is shown in figure 4.17a. It consists of three protonated 4.1 cations,
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three perchlorate anions and two molecules of water of crystallization. The H- atoms
of one of the waters of crystallization could not be located due to poor crystal quality.
The structure 4.12 exhibits extensive supramolecular interactions viz. H-bonding
interactions, C-H---O interactions, N-H---O interactions, C-H- 7w interactions and -7
interactions between the aromatic rings. It is noteworthy that the presence of the guest
anion, ClO4, imparts some supramolecular features to the host so that it can be
involved in a number of short range interactions. The presence of two waters of
crystallization in fact further increases this possibility. It is these short range
interactions as a result of which 4.12 acquires a Z'=3 structure. Unlike the parent
compound 4.1, 4.12 do not possess a urea tape motif through simple N-H--O
hydrogen bonding. 4.1 on treatment with perchloric acid solution undergo protonation
at the quinoline-N. This proton then involves in N-H-+O hydrogen bonding with the
perchlorate anion. All the three asymmetric molecules in the structure thus become
protonated and remains hydrogen bonded to perchlorate ions. Apart from this all the
perchlorate anions are also involved in C-H-O interactions with ring protons. The
second type of N-H---O hydrogen bonding is exhibited by the urea O-atoms O2 and
03 (dpu-a (A), N8-H8A-02, 2.26(5); N2-H2A-+03, 2.25(3), and <D-HA (°),
<N8-H8A-02, 159(5); <N2-H2A-+03, 173(3)). The remaining oxygen atom viz. Ol
is hydrogen bonded to one of the waters of crystallization. The oxygen atom of this
water is again involved in a bifurcated H-bonding to the urea N-H atoms of an
adjacent molecule (dp.p--a (A), N5-H5A-016, 2.22(4); N6-H6A--016, 1.96(5) and
<D-H-A (°), <N5-H5A--016, 158; <N6-H6A--016, 160(3)). Apart from all these
interactions face to face 77 interactions are also there among the quinoline rings of
the three asymmetric molecules. The structure of 4.12 with the short range
interactions are shown in figure 4.17b. It should be noted here that the presence of the
anion imparts some twist in the molecules. Consequently the conformation of each of
the three symmetry independent molecules changes from each other, as the angle
petween the planes of the aromatic rings viz. quinoline and phenyl rings in each
molecule differs significantly from each other as well as from that in the parent

compound 4.1.
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@ ()

Figure 4.17: (a) Asymmetric unit of 4.12; (b) short range interactions in 4.12

Apart from perchloric acid, receptor 4.1 also crystallizes with p-tolunesulphonic acid
to give a salt (4.13); however, in this case we did not observed any change in the Z’
value on co-ordination with anion. Hence the changes in the number of molecule in
the asymmetric unit (Z') are selective to anions.

The salt 4.13 crystallizes in the space group monoclinic C2/c and exists as a Z'=1
structure with a total of two molecules in the crystallographic asymmetric unit
(Z''=2). The asymmetric unit consists of a p-tolunesulphonate anion and a protonated
4.1 cation. In this structure also the urea tap motif is not observed, instead the urea H
atoms are involved in an intermolecular hydrogen bond with the O atom of the p-
tolunesulphonate anion (dp.q-a (A), N2-H2N--02, 2.904(2); N3-H3N--04, 3.050(2)
and <D-H-A (°), <N2-H2N--02, 167(2); < N3-H3N--04, 153(1)).
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Figure 4.18: (a) Asymmetric unit of 4.13; (b) short range interactions in 4.13
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Another oxygen atom O3 of the p-tolunesulphonate anion forms a hydrogen bond
with the protonated quinoline nitrogen atom (dp.y.-a (A), N1-HIN--- O3, 2.698(2) and
<NI1-HIN- 03, 156(2)). The asymmetric unit of 4.13 is shown in figure 4.18a along
with the short range interactions in figure 4.18b.

The salts of receptor 4.1 can be easily be distinguished from their IR spectra. The
receptor 4.1 gives strong IR peak at 1641 cm™ for amide C=0 stretching and at 1557
em”! for aromatic C=C stretching. Apart from these two peaks the salts 4.12 and 4.13
shows characteristic peaks for the anionic part. The perchlorate salt 4.12 shows two
sharp peaks at 1120 cm™ and 1080 cm™ characterestic of the perchlorate anion. The p-
tolunesulphonate salt 4.13 shows a sharp peak at 1212 ecm™' characterestic of the p-
tolunesulphonate anion. The comparison of the IR spectra of the two salts 4.12 and

4.13 with the receptor 4.1 is shown in figure 4.19.

T (%)

23800 3400 2800 2400 18900 1400 800 400

Figure 4.19: Comparison of the IR spectra of 4.1, 4.12 and 4.13

ike 4.1, the urea derivative of 8-aminoquinoline, 4.2, exists as a Z'=2 structure anq

Un
Cl‘}’

pac . .
vailable therein. All the urea oxygens are involved in a bifurcated hydrogen bonding
a

stallizes in the space group monoclinic P2i/c. This structure exhibits a helicy)

Kking arrangement through the N-H-+O hydrogen bonding and m-m interactiong

pteraction with the N-H of the other symmetrically non equivalent molecule (dp.j;. ,
A); N5-H5SN-O1, 2.29(3); N6-H6N-O1, 2.06(3); N3-H3N--02, 2.02; N2.
(aN--02, 21903) and <D-H-A (%), <NS-HSN-O1, 141; <N6-H6N--O1, 160(3):
<N3-H3N-"02, 163; <N2-H2N--02, 150(3)). The face to face m-m interaction
petweell the quinoline rings (C8--C17= 3.36 A) further facilitates the formation of the
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helical structure. The short range interactions in 4.2 are shown in figure 4.20a along

with the helical structure in figure 4.20b.

(b)

Figure 4.20: (a) Short range interactions in 4.2; (b) helical packing arrangement in 4.2

The perchlorate salt of 4.2, viz. 4.14, crystallizes in the orthorhombic space group
Pna2, and exists as a Z'=2 structure with a total of four molecules in the
crystallographic asymmetric unit (Z'=4). On treatment with HCIO4, 4.2 undergo
protonation at the quinoline-N to result in the cationic 4.2. Like the parent compound
4.2. 4.14 also exhibit N-H-O hydrogen bonding and 7w interactions as the only
available short range interactions. The perchlorate ions are bound to the host cation
through N-H:-O hydrogen bonding as well as C-H:-O interactions (dp.-a (A), N4-
H4A--018, 2.28(4); N3-H3A--014, 1.93(6); C17-H17---020, 2.70; C1-H1--O19,
2.48; C7-H7---08, 2.67; C23-H23--015, 2.69 and <D-H-~A (°), < N4-H4A--O18,
159(4); < N3-H3A:-014, 170(5); <C17-H17--020, 119; < C1-H1--019, 138, < C7-
H7--08, 138; < C23-H23--015, 139). The urea N-H are H-bonded to the urea oxygen
atoms thereby forming hydrogen bonded tape (dp-a (A), N1-H1A-02, 2.24; N2-
H2A--02, 2.22(5); N6-H6A-01, 2.29(5); N5-H5A-05, 2.28(5) and <D-H-A (%), <
N1-H1A--02, 151; <N2-H2A--02, 163(4); < N6-H6A-0O1, 151(4); < N5-H5A--05,
151(4)). Apart from these there exist face to face 77 interactions between the
quinoline ring of one and the phenyl ring of another molecule (C6---C28= 3.33 A
C22--C16=3.36 A). The structure of 4.14 is shown in figure 4.21.
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Figure 4.21: Short range interactions in 4.14

The carbamate derivative 4.3 crystallizes in the space group orthorhombic P2;2,2,
with only one molecule in the crystallographic asymmetric unit. The molecule self
assembles through N-H--O hydrogen bonding, C-H:--O interactions as well as through
71 interactions. The N-H atoms of the carbamate functionality are involved in N-
H---O hydrogen bonding with the carbonyl oxygen atoms of an adjacent molecule (dp.
-a (A), N3-H3A--01, 2.18). The other oxygen O2 remains hydrogen bonded to the
Hé6

atom in a relatively weak C-H:-O interaction (dp.--a (A), C6-H6--02, 2.70). It may
be noted here that the conformation of the molecule is such that the two rings viz. the
quinoline and the phenyl ring in the same molecule are almost orthogonal to each
other. This conformation is actually facilitated by the edge to face @ -7 interactions
between the phenyl ring and quinoline ring on adjacent atoms (dp-n-a (A), C5-
H5-+C10, 2.83). These short range interactions ultimately results in chain like self

assembly of the molecule growing along the ‘a’ crystallographic axis. The interactions

in 4.3 are shown in figure 4.22.

5 Ga
(ycs r{({g
}2:1 C}{J/u

Figure 4.22: Short range interactions in 4.3 leading to 1D self assembly.
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The perchlorate salt of 4.3, namely 4.15, crystallizes in the space group triclinic P-1.
This structure have two symmetry independent molecules (Z'=2) in the
crystallographic asymmetric unit. One water of crystallization is also there along with
two symmetry independent cations of the carbamate derivative and two perchlorate
anions. Thus there are a total of five molecules (Z''=5) in the crystallographic
asymmetric unit. The two symmetry independent molecules are involved in different
short range interactions. The water of crystallization is engaged with only one among
the two types of symmetry independent molecules. Like the previous two compounds
4.1 and 4.2, 4.3 also get protonated at the quinoline-N atom. The quinolinium
hydrogen on one of the two symmetry independent molecules is hydrogen bonded to a
perchlorate anion (dp.g-a (&), N3-H3--08, 2.08 and <D-H-A (%), <N3-H3--O8,
142). However the same on the other congener is now not hydrogen bonded to any
perchlorate anion but remains H-bonded to the oxygen atom of the water molecule
(dp.pi--a (A), N1-H1--011, 1.91 and <D-H-A (°), <N1-H1-+011, 160) and one of the
hydrogen atom of the water molecule is hydrogen bonded to a perchlorate O-atom
(dp-u-a (A), O11-H11A--05, 1.95(15) and <D-H--A (°), <O11-H11A:-O5, 156(11)).
Interestingly unlike in the urea derivatives, the carbonyl oxygen on both the symmetry
independent molecules possesses no significant supramolecular interactions. However
the N-H atom of the carbamate functionality in both the molecules is involved in N-
H---O hydrogen bonding with perchlorate anions (dp---a (A), N2-H2A--03, 2.21; N4-
H4--07, 2.06 and <D-H-A (°), <N2-H2A--03, 167; <N4-H4--07, 176). It is
noteworthy here that in one of the two symmetry independent molecules in 4.15 the
planes of the two rings viz. the phenyl and the quinoline ring lie almost orthogonal to
each other. However, in the other congener the two rings are almost parallel to each
other. It is the presence of the perchlorate anion which changes the conformations of
the molecules from that in 4.3. Thus in the orthogonal molecules in 4.15 the quinoline
rings are involved in m-m interactions (C3--C7 = 3.39 A). However, no w7
interactions are observed in the other molecules. The asymmetric unit of 4.15 is

shown in figure 4.23a along with the short range interactions in figure 4.23b.
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Figure 4.23: (a) Asymmetric unit of 4.15; (b) short range interactions in 4.15

Conclusions

In conclusion a number of salts and co-crystals of 1-phenyl-3-(quinolin-5-yl) urea
(4.1) with different dicarboxylic acids are synthesised and their crystal structures are
studied. These salts and co-crystals can be distinguished from their colour
morphology; the salts are of yellow coloured while the co-crystals are colourless. The
salts and co-crystals can also be distinguished in solution state from their UV-visible
spectra. A pair of diastereomer namely maleic acid and fumaric acid and a pair of
positional isomer phthalic acid and terephthalic acid upon interaction with receptor
4.1 can easily be distinguished by virtue of the formation of salt and co-crystal. The
well organized urea tap motif is maintained in the co-crystals whereas the urea tap
motif is not maintained in the salts. The receptor 4.1 interacts easily with mineral aciq
arboxylic acid; whereas receptor 4.2 and 4.3 binds only to mineral acids.

orcC

Perchlorate anion changes the planar arrangement of the two rings of protonated 4.1,

4.2 and 4.3 and leads to structures with multiple Z' value. It is clear from these

bservations that the anions placed in the lattice determines the orientation of the
0

rings and changes the weak interactions significantly. This in turn causes the

symmetry non equivalent structures leading to high Z' value. The effect of anions op

the Z' value of the receptors is also sensitive to both the receptors as well as anions.
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Experimental

Synthesis of 1-phenyl-3-(quinolin-5-yl)urea, (4.1):

nwe
(jij v
STaminoquinoline (0.721 g, 5 mmol) was dissolved in dry dichloromethane (10 mL)
and to this, another solution of phenylisocyanate (0.54 mL, 5 mmol) in
dichloromethane was added drop wise and the mixture was stirred at room
temperature for 3 hs. The product formed was filtered and recrystallized from
methanol.
Yield: 78%.
IR (KBr, cm™): 3280 (s), 3062 (m), 1641 (s), 1599 (s), 1557 (s), 1493 (s), 1449 (m),
1315 (m), 1249 (s), 1091 (w), 799 (m), 748 (m), 694 (m).
"H-NMR (DMSO-dg, 400MHz, ppm): 8.8 (3H, m), 8.4 (1H, d, J = 8.8 Hz), 8.0 (1H, d.
J=7.2Hz), 7.6 (2H, m), 7.4 (3H, m), 7.2 (2H, m), 7.0 (1H, t, J = 7.2 Hz).
BC.NMR (DMSO-ds, 100MHz, ppm): 118.3, 118.9, 121.4, 121.9, 122.7, 124.5,
129.5, 130.1, 130.8, 135.4, 140.2, 148.8, 150.9, 153.5.
LC-MS [M+1]: 264.13
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Figure 4.24: IR-spectra of receptor 4.1

Synthesis of 1-phenyl-3-(quinolin-8-yl)urea, 4.2:
HNiN@

N H

=

To a well stirred solution of 8-aminoquinoline (0.721 g, 5 mmol) in dry
dichloromethane, a solution of phenylisocyanate (0.54 mL, 5 mmol) in
dichloromethane was added and the mixture was refluxed for 4 hs. Solvent was

evaporated and the residue obtained was recrystallized from methanol.
Yield: 74%.
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IR (KBr, cm’™): 3268 (s), 3140 (w), 3092 (w), 1658 (s), 1597 (m), 1549 (s), 1499 (m),
1487 (m), 1445 (m), 1423 (m), 1385 (m), 1312 (s), 1251 (s), 1219 (m), 1107 (m), 894
(W), 820 (W), 786 (W), 749 (s), 692 (W).

'H-NMR (CDCls, 400 MHz, ppm): 9.3 (1H, s), 8.7 (1H, s), 8.6 (1H, d, ] = 8.0 Hz),
8.1 (1H, d, J = 8.0 Hz), 7.4 (5H, m), 7.3 2H, m), 7.1 2H, m).

13C.NMR (CDCls, 100MHz, ppm):109.9, 115.8, 120.4, 121.0, 121.5, 124.0, 127.7,
128.3, 129.3, 135.5, 136.6, 138.5, 148.0, 153.3.

LC-MS [M+1] 264.11
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Figure 4.25: >C-NMR spectra of 4.2 (only the aromatic region is shown)
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Synthesis of quinolin-8-yl phenylcarbamate, 4.3:

2,0

N

¥

8-hydroxyquinoline (0.725 g, 5 mmol) was dissolved in dry dichloromethane and
stirred for 10 min. To this solution a dichloromethane solution of phenylisocyanate
(0.54 mL, 5 mmol) was added and the mixture was refluxed for 7 h. Solvent was
removed and the product obtained was recrystallized from methanol.

Yield: 72%

IR (KBr, cm™) : 3337 (s), 3074 (w), 1721 (s), 1600 (s), 1542 (s), 1499 (m), 1446 (m),
1314 (m), 1216 (s), 1180 (m), 1164 (m), 1092 (s), 1004 (w), 835 (m), 758(s), 695 (m).
'H-NMR (CDCl;, 400 MHz, ppm ) : 8.8 (1H, s), 8.2 (2H,d,J=8.2Hz), 7.7 (1H, d,J
= 8.2 Hz), 7.6 (2H, m), 7.4 3H, m), 7.2 (2H, m), 7.0 (1H, t, J = 7.2 Hz).

>C-NMR (CDCL, 100MHz, ppm): 119.0, 121.9, 122.2, 123.7, 124.9, 125.7, 126.5,
129.1,129.7, 136.5, 138.0, 141.7, 146.9, 150.4.

LC-MS [M+1]: 266.84
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T T

Figure 4.26: '"H-NMR spectra of 4.3 (only the aromatic region is shown)

Synthesis of the salts and co-crystals of 4.1:
The compound 4.1 and the dicarboxylic acids (1:1) were dissolved in aqueous
methanol. Slow evaporation of the solution results in colourless crystals of the co-

crystals whereas in case of salts yellow colored crystals were observed.

Co-crystal of compound 4.1 with fumaric acid (4.4):

-
e} HNJTLN. waoe,_
v, L coon

|
Isolated Yield: 73%

IR (KBr, cm™): 3271 (s), 3061 (w), 2926 (w), 1700 (s), 1680 (w), 1640 (s), 1599 (s),
1563 (s), 1496 (m), 1446 (m), 1399 (s), 1252 (m), 1168 (m), 1097 (m), 1015 (w), 806
(m), 747 (m), 723 (m), 692 (m), 632 (w).

'H-NMR (DMSO-ds, 400MHz, ppm): 9.0 (1H, s), 8.9 2H, m), 8.5(1H, d, J = 8.4Hz),
8.1(1H, d, J = 6.8Hz), 7.7 (2H, m), 7.6 (1H, m), 7.4 (2H, d, J = 8.0Hz), 7.3 (2H,t,J =
7.6Hz), 6.9 (1H, t, J = 7.2Hz), 6.6 (1H, s).

o 3 OOH
n 'K NHooc’rc .

Figure 4.27: 'H-NMR spectra of 4.4 (only the aromatic region is shown)
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Salt of compound 4.1 with maleic acid (4.5):

[@Z ,1%@1 Boc_soom

Isolated Yield: 68%
IR (KBr, cm™): 3361 (s), 3067 (w), 2925 (m), 1720 (m), 1637 (w), 1601 (m), 1572
(m), 1541 (m), 1502 (m), 1439 (m), 1423 (s), 1362 (s), 1313 (m), 1281 (m), 1241 (m),
1191(m), 1074 (w), 859 (m), 795 (m), 757 (m), 608 (m)

'H.NMR (DMSO-ds, 400MHz, ppm): 9.0 (1H, s), 8.9 (2H, m), 8.6 (1H, d, J = 8.0Hz),
8.0 (1H, m), 7.7 (2H, m), 7.6 (1H, m), 7.5 (2H, m), 7.3 2H, t, J = 7.6Hz), 7.0 (1H, t, J
= 6.4Hz), 6.2 (2H, s)

Figure 4.28: 'H-NMR spectra of 4.5 (only the aromatic region is shown)

Co-crystal of compound 4.1 with 1,4-phenylenediacetic acid (4.6):

HOOC.
@ H ;i N
ﬂ&o 7
COOH

Isolated Yield: 65%

IR (KBr, cm™): 3274 (s), 3041 (w), 2924 (w), 1716 (s), 1641 (s), 1598 (s), 1558 (s),
1496 (m), 1446 (m), 1422 (w), 1309 (m), 1236 (m), 1140 (m), 1096 (m), 1024 (w),
804 (m), 747 (m), 723 (m), 692 (m).

2

T06)

50388838388

Figure 4.29: IR spectra of 4.6
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Salt of compound 4.1 with malonic acid (4.7):
Q T{%@H eoocvcooe

Isolated Yield: 76%

IR (KBr, cm™): 3275 (s), 3065 (w), 2927 (w), 1736 (m), 1712 (m), 1642 (s), 1598 (s),
1558 (s), 1496 (m), 1446 (m), 1316 (m), 1252 (m), 1214 (m), 1165 (m), 1098 (w), 916
(w), 805 (m), 748 (m), 723 (m), 692 (m).

'H-NMR (DMSO-ds, 400MHz, ppm): 9.0 (1H, s), 8.9 (2H, m), 8.5 (1H, d, J = 8.4Hz),
8.0 (1H, d, J = 6.8Hz), 7.7 (2H, m), 7.6 (1H, m), 7.5 2H, d, ] = 7.6Hz), 7.3 2H, t,J =
8.0Hz), 7.0 (1H, t, J = 7.6Hz), 3.2 (1H, s).

2

B8 588388

-
© ©

3900 3400 2000 260 1900 1400 900 400

Figure 4.30: IR spectra of 4.7

Salt of compound 4.1 with phthalic acid (4.8):

R O
un Ay | Hooe
H D
e
Sooc

Isolated Yield: 69%

IR (KBr, cm™): 3444 (w), 2924 (w), 1695‘(3), 1587 (m), 1535 (m), 1406 (m), 1284
(s), 1072 (m), 737 (m).

'"H-NMR (DMSO-ds, 400MHz, ppm): 9.0 (1H, s), 8.9 (2H, m), 8.5 (1H, d, J = 7.6Hz),
8.0 (2H, m), 7.6 (5H, m), 7.5 (3H, m), 7.3 (2H, d, J = 7.6Hz), 7.0 (1H, d, ] = 6.8Hz)

1535
2

3900 3400 2900 2400 1500 1400 00 490
an-1

Figure 4.31: IR spectra of 4.8
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Co-crystal of compound 4.1 with terephthalic acid (4.9):

Wy

COOH

Isolated Yield: 67%

IR (KBr, cm™): 3444 (w), 3266 (s), 2925(w), 1698 (s), 1637 (s), 1599 (s), 1562 (s),
1496 (m), 1275 (s), 1253 (m), 807 (m), 729 (m)

'H-NMR (DMSO-ds, 400MHz, ppm): 9.0 (1H, s), 8.9 (2H, m), 8.5 (1H, d, ] = 8.8Hz),
8.0 (5H, m), 7.7 2H, m), 7.6 (1H, m), 7.5 (2H, d, J = 7.6Hz), 7.3 (2H, t, ] = 7.2H2),
7.0 (1H,t,J=7.2Hz)

E

B8 388388

-
o

Figure 4.32: IR spectra of 4.9

Co-crystal of compound 4.1 with adipic acid (4.10):

- -

o

M

| COOH
HN u | L HOOC TN

‘
2; S
?IN’ #

[

Isolated Yield: 74%
IR (KBr, cm'l): 3436 (w), 3270 (s), 2945 (w), 1716 (s), 1639 (s), 1598 (s), 1561 ©),

1496 (m), 1258 (m), 1173 (m), 805 (m).
IH-NMR (DMSO-ds, 400MHz, ppm): 9.0 (1H, s), 8.9 (2H, m), 8.5 (1H, d, J = 8.4l
8.0 (1H, d, ] = 6.8Hz), 7.7 (2H, m), 7.6 (1H, m), 7.5 (2H, d, J = 8.0Hz), 7.3 (2H, ¢, j =
8.0Hz), 7.0 (1H, t, ] = 7.2Hz), 2.2 (2H, m), 1.5 (2H, m).

T (%)

B8 3883388

-
o

o

Figure 4.33: IR spectra of 4.10
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Salt of compound 4.1 with pyridine-2,3-dicarboxylic acid (4.11):
QNIK%QH Q\COOH

Isolated Yield: 71%

IR (KBr, cm™): 3430 (b), 3096 (w), 2926 (m), 1698 (s), 1638 (s), 1598 (s), 1573 (s),
1498 (m), 1444 (m), 1413 (m), 1382 (s), 1368 (m), 1314 (m), 1283 (m), 1255 (m),
1229 (m), 1092 (m), 993 (w), 852 (w), 810 (m), 798 (m), 758 (m), 694 (W), 655 (W)
'H-NMR (DMSO-ds, 400MHz, ppm): 9.0 (1H, s), 8.9 (2H, m), 8.7 (1H, d, J = 4.8Hz),
8.5 (1H, d, J = 7.6Hz), 8.2 (1H, d,J = 8.4Hz), 8.0 (1H, d, J = 7.2Hz), 7.7 (2H, m), 7.6
(2H, m), 7.5 (2H, d, J = 8.8Hz), 7.3 (2H, t,J = 7.6Hz), 7.0 (1H, t, J = 7.6Hz)

Figure 4.34: "TH-NMR spectra of 4.11(only the aromatic region is shown)
Typical procedure for preparation of the perchlorate salts of the compounds

The perchlorate salts of the compounds 4.1, 4.2, 4.3 were obtained by slow

evaporation of the dilute acid solutions (0.3M) containing the host compounds.

Perchlorate salt of 4.1 (4.12):

R
”"’u\t‘;
N cno?
L.
oY
H

Isolated Yield: 67%

IR (KBr, cm™): 3446 (bs), 3071 (w), 2923 (w), 1637 (m), 1601 (m), 1548 (s), 1497
(m), 1443 (w), 1423 (m), 1365 (m), 1318 (m), 1285 (m), 1248 (m), 1120 (s), 1080 (s),
796 (m), 763 (m).
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'H-NMR (DMSO-ds, 400MHz, ppm): 9.3 (2H, s), 9.1 (1H, d, J = 8.4Hz), 9.0 (1H, s),
8.3 (1H, d, J = 7.6Hz), 8.1 (2H, m), 7.9 (1H, d, ] = 8.4Hz), 7.5 (2H, d, J = 8.0Hz), 7.3
(2H, t, J = 7.6Hz), 7.0 (1H, t, ] = 7.2Hz).

Figure 4.35: 'H-NMR spectra of 4.12 (only the aromatic region is shown)

p-tolunesulphonate salt of 4.1 (4.13):
oI
e

so?
P
on
"

The compound 4.1 and p-tolunesulphonic acids (1:1) were dissolved in aqueous

methanol. Slow evaporation of the solution results in yellow colored crystals of salt

4.13.

Isolated Yield: 64%

IR (KBr, em™): 3291 (w), 2922 (w), 1708 (s), 1637 (m), 1600 (m), 1539 (s), 1417
(m), 1366 (m), 1212 (s), 1165 (m), 1126 (m), 1033 (m), 1009 (m), 795 (m).

I11-NMR (DMSO-ds, 400MHz, ppm): 9.4 (1H, 5), 9.2 (2H, m), 8.2 (1H, d, J = 7.6Hz)

8.0 (2H, m), 7.8 (1H, d, J = 8.0Hz), 7.5 (5H, m), 7.3 (2H, m), 7.1 (H, d, J = 7.6Hz),

7.0 (1H, t, J=7.2Hz), 2.2 (3H, s).
Perchlorate salt of 4.2 (4.14):

(o]

N

HoHN N c:o.e
IR
[~
[solated Yield 71%
R (KB, cm’™): 3324 (b), 2921 (s), 2851 (m), 1693 (m), 1638 (s), 1597 (s), 1556 (s),

1499 (m), 1382 (m), 1296 (m), 1240 (m), 1217 (m), 1120 (s), 1086 (m), 760 (m), 695

(m)-
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'H-NMR (DMSO-ds, 400MHz, ppm): 9.8 (1H, s), 9.6 (1H, s), 8.9 (1H, d, J = 4.0Hz),

8.5 (1H, m), 8.4 (1H, d, J = 8.4Hz), 7.6 (2H, m), 7.5 (3H, m), 7.3 (2H, t, ] = 7.6Hz),
7.0 (1H, t, J = 6.8Hz)

8 8 88 3 d 8 &

Figure 4.36: IR spectra of 4.14

Perchlorate salt of 4.2 (4.15):

g
H O)LN [S]
o4 H CHo,
s
=

Isolated Yield 63%

IR (KBr, cm™): 3337 (m), 3169 (W), 1762 (s), 1643 (w), 1601 (s), 1548 (s), 1500 (W),
1444 (m), 1418 (m), 1301 (s), 1202 (m), 1112 (s), 1089 (m), 971 (m), 840 (m), 751 (s)
'H-NMR (DMSO-ds, 400MHz, ppm): 10.5 (1H, s), 9.0 (1H, d, ] = 4.4Hz), 8.8 (1H, d,

J = 8.4Hz), 8.0 (1H, 4, ] = 8.4Hz), 7.8 3H, m), 7.5 (2H, d, J = 8.4Hz), 7.3 2H, t,J =
7.2Hz), 7.0 (1H, t, J = 7.2Hz)

T(%)

1601 1548 1301

o3 B8B¥8¥ 3588388

Figure 4.37: IR spectra of 4.15
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Chapter 5

Synthesis, characterization and anion
recognition properties of diquinoline
derivatives

As the name implies diquinolines are derived from quinoline molecules, formed by

joining two rings. Diquinoline molecules exhibit many interesting supramolecular

the close similarity of the

host molecular structures, their supramolecular host-guest chemistry varies

of the diquinoline derivative

features depending on the nature of the substituent. Despite

considerably.!”” The rotation around the single bond

leaves a probability to adopt helical conformation. Further, many biological
8-9 The structure

macromolecules containing nitrogenous bases adopt helical structures.

of deoxyribose nucleic acid proposed by Watson and Crick in 1953 is one of the
10 1nspired by commonly available helical

important discoveries of helical structure.
e to synthesize

there is a challeng

conformations in biological macromolecules,
11-13 {elical structures are

artificial systems having helical chain like structurcs.
generally guided by hydrogen bonds,M'15 van der Waals interac
bond to metal ions.'*2° The quinoline moiety is known t0 adopt different orientations

21-22

in the crystal lattice that contribute to the helical structure of many organic, 1
with the diquinoline moiety are

aterials.w27 Despite of

tions, ¢ and dative

and

. . 23-24
inorganic molecules. Further to this, molecules

used in the field of molecular recogn.ition25 and as optical ™
-diquinoline derivatives,

~

interesting properties and wide synthetic protocols of 2,2

ere is limited synthetic methodology and study on 5,5'-diquinoline derivatives.”®

::;S’ﬂixc:;c::iz:;l:n:iﬁ:;ﬁve is. chosen such that it has hydroxy functional groups
e : ers Wh..lch would help in self assembling to form extended

get easily protonated or hydrogen bonded to an acid and
expected to ho?d the anions. Hence we felt that the helical molecules will have ready
empty spaces in the folds of the extended helix to accommodate anions. With this

background w i
gr e synthesized a new 5,5'-diquinoline derivative with alcohol pendent
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group, namely bis-5,5'-[2-(quinolin-8-ylamino)ethanol] (5.2) and studied its anion
binding properties.
This chapter includes the synthetic methodology and anion recognition property of the

5.5'-diquinoline host bis-5,5'-[2-(quinolin-8-ylamino)ethanol.

5.1 Synthesis and characterization of diquinoline receptor 5.2

The diquinoline derivative bis-5,5'-[2-(quinolin-8-ylamino)ethanol] 5.2 was
synthesized in multiple steps. In the first step methyl 2-(quinolin-8-ylamino)acetate
which is an ester derivative of 8-aminoquinoline was prepared by reacting with
methyl bromo acetate. The ester group of methyl 2-(quinolin-8-ylamino)acetate on
reduction gave an alcohol namely, 2-(quinolin-8-ylamino)ethanol 5.1. The 2-
(quinolin-8-y1amin0)ethanol (5.1) thus obtained, was treated with catalytic amount of
manganese (II) acetate to give dimerised derivative 5.2 (scheme 5.1). It may be noted
that 8-aminoquinoline does not form C-C bond by manganese (II) acetate and the
reaction is very specific for coupling of 5.1. All these compounds formed in different
steps are characterised by spectroscopic techniques such as IR, NMR, mass spectra.
The compound 5.2 has desired proton signals for aromatic protons besides signals

correspond to the two methylene groups flanked by oxygen and nitrogen at 3.7 ppm

and 3.2 ppm respectively.

[OH
NH
[ Ns
e t E Cat. Mn(OAc) O
| . Br/\CDOCHg 1. K;,COj3, Acetone N 2 e
i 2. NaBHy, MeOH/ THF HN MeOH S
NH; :| ® 0
HO N
5.1 HNj
HO
52

Scheme 5.1: Synthesis of receptor 5.2

The comparison of the 'HNMR spectra of 5.1 and 5.2 in the aromatic region (figure
5.1) clearly depicts the formation of the diquinoline derivative. The 'HNMR spectra
of 5.1 shows signals for six aromatic protons, whereas the 'HNMR spectra of 5.2

shows signals for five protons indicating the formation of the dimmerized product.

TH-1869_08612201
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T T T T r T L] T T I T T T T

T
10 9 8 7 6
Figure 5.1: Comparison of the "H-NMR spectra of the aromatic protons of 5.1 and 5.2

Further the diquinoline compound 5.2 is also confirmed by determining the crystal

structure as shown in figure 5.2.

o1

Figure 5.2: Crystal structure of 5.2 (ORTEP diagram drawn with 50% elipsoid
probability)

5.2 Structural study of the receptors 5.2 and its inclusion compounds

The diquinoline receptor 5.2 is crystallized and its crystal structure is studied. The
compound 5.2 crystallizes in a monoclinic C2/¢ space group, with only one half of the
molecule appearing in the crystallographic asymmetric unit (figure 5.3a). The
molecule has a twisted conformation with a dihedral angle of 60.08° between the
planes of two quinoline rings. Generally binol derivatives have dihedral angles™
between the naphthalene rings in the range of 78-79°. The presence of hydroxyl group
and the basic nitrogen atoms in quinoline ring allows the molecule to have self
assembled structure through different weak interactions. The crystal structure of 5.2
when viewed along ‘a’-crystallographic axis we have observed that the molecule
adopts a single helical structure (figure 5.3b). The short range interactions that
stabilize the helical arrangement of 5.2 include two intermolecular hydrogen bonds of
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the hydroxy group with the quinoline N atom and the amine N atom (figure 5.4). A
space-fill model of 5.2 shows that the helical orientation of the molecule is a closed

packed without any kind cavity in the crystal lattice (figure 5.3c).

(2) (b)
Figurre 5.3: (a) ORTEP diagram of the asymmetric unit of 5.2 (50% elipsoid
probability); (b) view of molecule 5.2 along ‘a’-crystallographic axis; (c) space-fill

model of 5.2

The crystal structure of compound 5.2 also reveals that two such single helix are held

together by a T-type C-H---7 interaction as shown in figure 5.4. The distance between

(3-H3 and the centroid of the neighbouring ring (C1-C5-C6-C7-C8-C9) is found to

be 2.713 A. These helical structures self assembles to make a two dimensional sheet.

The hydrogen bond parameters of 5.2 are tabulated in table 5.1.

Figure 5.4: Short range interactions of molecule 5.2
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Table 5.1: Hydrogen bond parameters of 5.1

D-H--A dp.u(A) die-a(A) dp-s(A) <D-H-—A®)
O(1) - H(1) - N(1) [172-x, 172-y, 1-2] 0.82 2.07 2.875(3) 167.0
N(2) - H@N) - O(1) 0.82(2) 2.46(2) 2.769(3) 103.8(17)

The IR-spectra (figure 5.5) of the molecule 5.2 shows a strong peak at 3394 cm™ for
the OH-stretching frequency and another peak at 1603 cm™ and 1578 cm”™
characterestic of C=C and C=N. In case of the perchlorate salt (5.3) we have
observed three strong peaks at 1144 em™”, 1111 cm™ and 1088 cm™ that are
characterestic of the perchlorate anion in addition to the peaks of the parent molecule
5.2. Generally an ionic perchlorate gives a braod single perchlorate absorption peak
around 1100 cm™. The splitting of the perchlorate peak may be attributed to its
possible distortion in an supramolecular environment. In the case of the co-crystal
with nitric acid (5.4) a strong peak at 1384 cm’ characterestic of the nitrate group of

nitric acid molecule is observed.

%T (a.u.)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm~1)

Figure 5.5: IR-spectra of 5.2, 5.3, and 5.4

However, the crystallographic structure shows that on treatment with perchloric acid,
molecule 5.2 forms a salt (5.3) where the two quinoline N atoms are protonated.
whereas in the case of nitric acid a co-crystal (5.4) is formed. The salt 5.3 crystallizes
in an orthorhombic space group Fddd. Its asymmetric unit contains one half of the
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protonated molecule 5.2 and a perchlorate anion (figure 5.6a). The helical structure of
the molecule 5.2 is retained after the inclusion of the perchlorate anion in the fold of
the helix (figure 5.6b). The perchlorate anion does not disturb the assembly of
intermolecular hydrogen bonding of the molecule 5.2; instead the anion is
encapsulated inside the cavity formed by the helical arrangement of salt 5.3 as shown
in figure 5.6¢. In this case also the molecule adopts a twisted geometry with a dihedral
angle of 67.04° between the planes of two quinoline rings. One of the oxygen atoms
of the perchlorate anion is found to be disordered and a disorder model is fixed by

sharing the occupancy between two atoms as shown in figure 5.6a.

(a) (b) (©)
Figure 5.6: (a) ORTEP diagram of the asymmetric unit of salt 5.3 (50% elipsoid

probability); (b) helical structure of salt 5.3; (c) space-fill mode] of 5.3 showing the

encapsulation of the perchlorate anion

In case of the salt 5.3 the hydroxy group of the molecule actg as a hydl'ogen atom
acceptor in a strong intermolecular hydrogen bond with the brotonated quinoline N
atom (N1-HN-O1). The perchlorate anion is held together by o msiber oF c-H-O
interactions (C4-H4--02 and C11-H11B--04) and hydrogen bonding inte caction (O1-
H1-+05 and O1-H1--03) as shown in figure 5.7. The hydrogen bond parameters are
tabulated in table 5.2.
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Figure 5.7: The short range interactions in 5.3

Table 5.2: Hydrogen bond parameters of 5.3

D-H--A do(A) dy-a(A) dp--a(A) < D-H--A(")
O(1) - H(1) - O(5) 0.82 1.78 2.584(18) 166.0
0(2) - H(2A) - N(1) 0.82 1.99 2.808(12) 173.0
N(2) - H2N) - O(2) 0.86 2.17 3.030(13) 178.0
N(2) - H2N) = N(1) 0.86 2.41 2.740(12) 103.0
C(2) -H(2) " O 0.93 2.49 3.140(2) 127.0
C(4) - H(4) -+ O(3) [1/2-x, 1/2+y, 1/2-2] 0.93 2.56 3.446(13) 160.0

The co-crystal 5.4 crystallizes in the orthorhombic space group C222; with one half of

the molecule 5.2, a nitric acid molecule and a water molecule in the crystallographic

asymmetric unit (figure 5.8a). The co-crystal 5.4 also adopts a helical shape although

we did not observe the same type of intermolecular hydrogen bonding as we observed

in the case of molecule 5.2 (figure 5.8b). The nitric acid and the water molecule are

held in between the parent molecules as shown in the space fill model in the figure

5.8c.

TH-1869_08612201
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(a) (b) (c)
Figure 5.8: (2) ORTEP diagram of the asymmetric unit of 5.4 (50% elipsoid
probability); (b) helical structure of 5.4; (c) spacefill model showing the encapsulation

of nitric acid and water molecule

Two nitric acid and two water molecules are encapsulated in between the parent
molecules through intermolecular hydrogen bonds (O2-H2A---N2, N2-H2N--02) and
C-H+O interactions (C2-H2:-04) as shown in figure 5.9. The helical chains are
further held together by weak C-H--N interactions (C8-H8--"N3). The hydrogen bond
parameters of the co-crystal 5.4 are shown in table 5.3.

Figure 5.9: Short range interaction of co-crystal 5.4
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Table 5.3: Hydrogen bond parameters of 5.4

D-H-A dpu(A) dig--a(A) dp..a(A) < D-H-A()
O(1) - H(1) -~ N(2) 0.82 2.58 2.906(10) 105.0

O(1) - H(1) =+ O(5) [ X, 1/4-y, 1/4-7] 0.82 257 3.225(18) 138.0

N(1) - H(IN) - N(2) 0.93(3) 2.45(7) 2.771(11) 101.0(5)
N(1) - H(IN) = O(1) [x, 112-y, 1/2Z] 0.93(3) 1.85(3) 2.750(10) 164.0(7)
N(2) - H(2N) - N(1) 0.86 246 2.771(11) 102.0

N(2) - H2N) - O(1) [x, 112y, 1/2-2] 0.86 2.26 3.084(9) 160.0

C2) - H(2) -+ O@) [x, 1/d-y, 1/4-2] 093 243 3.157(14) 135.0

C(4) - H(4) - O(2) [1/4-x, y, 1/4-2) 0.93 255 3.424(11) 157.0

C(11) - H(11B) - O(4) [-x, 1/2-y, 1/2-2] 0.97 2.43 3.309(19) 151.0

The formation of co-crystal with nitric acid by 5.2 can be justified from the
crystallographic evidences. The bond angle <C1-N1-C2 (figure 5.8a) of the quinoline
ring of 5.4 is found to be 119.21°; however this bond angle is 124.43° in the case of
the salt 5.4 where the quinoline N atom is protonated which is in accordance with the
bond angles of protonated and unprotonated reported quinoline derivatives.’*>! This
suggests that the quinoline N atom is not protonated in the case of 5.4. Further, while
refining the X-ray crystal structure the hydrogen atom was located in the difference
Fourier maps and the residual electron density was observed near the O atom and
assigned to a proton accordingly, suggests it to be a nitric acid instead of nitrate anion.
The N-O bond distances of the nitrate molecule are also not same (dn o (A), N3---02,
1.26; N3---03, 1.15; N3--04, 1.16), which suggests it to be nitric acid; however, these
bond distances do not match exactly the structure of free nitric acid derived from

microwave spectra where the bond distances are reported as 1.40 A, 1.19 A, 1.21 A.

The comparison of the structures of 5.2, 5.3 and 5.4 shows that the intermolecular
hydrogen bonding between two molecules of 5.2 is maintained in the perchlorate salt
5.3. However, this intermolecular hydrogen bond is not maintained in the co-crystal
of nitric acid (5.4). In case of the perchlorate salt 5.3 the perchlorate anion is not
involved in hydrogen bonding with the quinoline N, whereas in the case of the co-
crystal 5.4 the nitric acid molecule is involved in hydrogen bond with the quinoline N
thereby breaking the intermolecular hydrogen bonds of the two receptor molecules. A

comparison of the structures of 5.2, 5.3 and 5.4 is shown in figure 5.10.
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Figure 5.10: Comparison of the structures of 5.2, 5.3 and 5.4

5.3 Solution study of the diquinoline receptor 5.2

The solid state structural study shows that the receptor 5.2 can distinguish between
nitric acid and perchloric acid. This observation encouraged us to study the effect of
these two acids on receptor 5.2 in solution state. Hence, the effect of nitric acid ang

chloric acid on the UV-visible spectra of receptor 5.2 is studied.
per

he UV spectra of compound 5.2 shows two absorption maxima at 253 nm (g = 1.79
e

X 0> M'em™). On gradual addit;
4 M'lcm-l) and 368 nm (g = 4.51 x 1 C . gradual addition of

% 10

. -5 .
perchlofic acid (10 M in methanol) to a solution of 5.2 (6.7 x10” M in methano]).

both the absorption maxima decreases which results in the formation three iSOSbestic
point at 268 nm, 324 nm, and 417 nm (figure 5.11). The formation of the 1sosbestie
points clearly suggests the existence of two chemical species at equilibrium in the
solution State: A mild increase in the absorbance at 469 nm is also observed on

radual increase in the anion concentration (figure 5.11, Inset).
2
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Abs (a u)

250 300 350 400 450 500 550
Wave length (nm)

Figure 5.11: Changes in absorption spectra of 5.2 (6.7x10° M in methanol) on
addition of perchloric acid (10> M in methanol). Inset: Expansion in the vissible

region showing the small increase in absorption at 469 nm

Similarly, in the case of titration of 5.2 with nitric acid we have observed that the
absorption spectra of 5.2 on gradual addition of nitric acid passes through three
isosbestic point at 268 nm, 325 nm, and 423 nm as shown in figure 5.12. Thus it is
seen that in both cases the changes observed in solution are similar, or in other word

there is no recognition of the two acids used.

253 nm

Abs (a u)

250 300 350 400 450 500 550
Wave length (nm)

Figure 5.12: Changes in absorption spectra of 5.2 (6.7%x10° M in methanol) on
addition of nitric acid (10” M in methanol); Inset: Expansion in the vissible region

showing the small increase in absorption at 471 nm

From the above observations it is clear that the salt or co-crystal formation from two

strong acids could not be distinguished in solution; whereas in the solid state structure
32-35

of 5.3 and 5.4 differs. The formation of co-crystal and salt are related to pKa but

from the present study we observe that two strong acids result in either of them. Thus,
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it is the packing preference in solid state that favours the state as protonated or
molecule of crystallization, but finally they are in the lattice due to electrostatic

interactions further supported by other directional weak interactions.

5.4 Conclusion

In conclusion a new organic helical 5,5'-diquinoline derivative is synthesized to
establish its self assembling properties in solid state. The helical molecule can
encapsulate guest of two different shapes without losing its original helicity.
Interaction of this helical molecules with perchloric acid and nitric acid are found to
be similar in solution, however, in solid state perchloric acid forms its salt while nitric
acid forms co-crystal with it. A rare example where a strong acid does not dissociate
in solid state in the presence of a base is established. The structural backbones
depicted here are based on quinoline units that are generally component of drugs;
therefore it leaves an ample scope to make predictive models from analogous study on

drug delivery as well as drug-substrate activity.

5.5 Experimental Section

Compound 5.2:
Ny 7
\
/N
HN Q NH OH
o 5

W

8 amjnoquinoline (0.725 g, 5 mmol) was dissolved in dry acetone (20 ml) and

otas
’ m temperature for 15 min and then methyl bromoacetate (0.76 g, 5 mmol) wag

sium carbonate (1.0 g, 7.5 mmol) was added to it. The solution was stirred g¢

100
added and the reaction mixture was then refluxed at 70 °C for 12 hs (progress of the

reaction Was monitored at regular intervals using TLC). After completion of the

reaction, the reaction mixture was then filtered and the solvent was then removed
under reduced pressure to obtain the ester as a yellow colour solid. In the next step,

the ester Was reduced to the corresponding alcohol (5.1) using a reported procedure.

yield: 67%.
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IR (KBr, cm™): 3404 (bs), 2948 (w), 1614 (m), 1582 (s), 1524 (m), 1436 (m), 1384
(m), 1358 (s), 807 (m).

'"H NMR (CDCls, 400 MHz): 8.7 (1H, d, J = 4.0Hz), 8.0 (1H, d, J = 8.4 Hz), 7.3 (2H,

m,), 7.0 (1H, d, J = 8.0Hz), 6.7 (1H, d, J = 8.0Hz), 3.9 2H, t, ] = 5.2Hz), 3.5 QH, t, J
= 6.0Hz).

LC-MS [M+1]: 189.01.

The crude alcohol 5.1 (0.564 g, 3 mmol) was then dissolved in 20 ml methanol and a
catalytic amount of Mn(OAc)2.4H,0 (0.036 g, 0.03 mmol) was added. The reaction
mixture was stirred for about 8 hrs at room temperature to obtain compound 5.2 as

yellow solid. The product was further purified by recrystallization from a methanolic
solution.

Yield: 61%.

IR (KBr, cm™): 3394 (s), 2929 (W), 2854 (), 1603 (m), 1578 (), 1518 (s), 1472 (m),
1440 (m), 1379 (m), 1358 (s), 1071 (m), 817 (m).

'H-NMR (DMSO-d, 400 MHz): 8.9 (1H, s). 7.8 (1H, d. J = 7.6Hz). 7.5 2H. d. J =
7.6Hz), 7.1 (1H, d, J = 7.6Hz), 4.9 (s, 1H), 3.7 (m, 2H), 3.2 (m, 2H).

BCNMR (DMSO-d’, 100 MHz):  59.7, 70.4, 109.6, 119.6, 121.9, 126.9, 129.1,
135.9, 139.7, 148.8, 154.5.

LC-MS [M-+1]: 375.34.

UV: (Amax 253 nm), € = 1.79 x 10*Mtem™.

160 140 . 120 100 80 60

Figure 5.13: "*C-NMR spectra of 5.2
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Compound 5.3:

Compound 5.2 was dissolved in a dilute solution of perchloric acid and allowed to
stand for three days to obtain the crystals of 5.3.

Yield: 72%.

IR (KBr, cm'l): 3398 (bs), 2932 (w), 2854 (w), 1627 (s), 1573 (s), 1459 (m), 1407
(m), 1307 (m), 1144 (s), 1111 (s), 1088 (s), 806 (m), 772 (m).

IH-NMR (DMSO-d’, 400 MHz): 8.8 (1H, s), 7.8 (1H, d, ] = 7.6Hz), 7.5 (2H, d, J =
7.6Hz), 7.1 (1H, d, J = 7.6Hz), 5.1 (s, 1H), 3.7 (m, 2H), 3.2 (m, 2H).

*

(AR

Figure 5.14: 'H-NMR spectra of 5.3 (* indicates the peak for the water associated
with solvent, the peak for the -NH proton is merged in the water peak)

ound 5.2 was dissolved in a dilute solution of nitric acid and allowed to stand

Comp

for three days to obtain the crystals of 5.4.

yield: 68%.
IR (KB, cm’™): 3440 (bs), 16287 (s), 1574 (w), 1523 (W), 1458 (w), 1384 (s), 1123

(W)s 1059 (m), 815 (m).
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'H-NMR (DMSO-d®, 400 MHz): 8.9 (1H, s), 7.8 (1H, d, J = 7.6Hz), 7.5 (2H, d, J =
7.6Hz), 7.1 (1H, d, J = 7.6Hz), 3.8 (m, 2H), 3.4 (m, 2H).

B R e e A A o e e T
] -8 7 6 S a

Figure 5.15: 'H-NMR spectra of 5.4 (* indicates the peak for the water associated
with solvent, the peak for the -NH and -OH proton is merged in the water peak)

Caution: Perchlorate salts are potentidlly explosive; however, our systems described

here are stable and have not shown such property under ambient condition, it is

advisable that care needs to be taken while dealing with perchlorate salts.
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Chapter 6

Synthesis, characterization and metal ion
recognition by co-ordination polymers of 2-

(quinolin-8-yloxy)propionic acid

Coordination polymers have been extensively studied due to their wide variety of
applications.l'9 The coordination polymers derived from quinoline derivatives are also
not exception.'®!* Coordination polymers are known to posses catalytic activity'® and

they are also used as fluorescence probe for detection of different guests.'”

L

0% ~OH
Figure 6.1: 2-(quinolin-8-yloxy)propionic acid (LH)

We had difficulty in preparing 2-(quinolin-8-yloxy)propionic acid (LH) from reaction
of 8-hydroxyquinoline and 2-bromopropionic acid by conventional reagent, potassium
carbonate in acetone. But, an ionic coordination polymer of the same ligand (LH) is
synthesized by the reaction of 8-hydroxyquinoline and 2-bromopropionic acid in
presence of sodium hydroxide in methanol. Further, the reaction of this coordination
polymer with other metal and anion exchange led to different metal complexes.
Hydrolysis of sodium salt by a mineral acid or ligand exchanges by sodium salts are
fundamental reactions, but during such processes types of intermediate formed are not
clear. The isolation of intermediate complex of reactions is dealt in a limited
manner.'*?° However; it may become a major factor when complicacy occurs in
interpretation of unexpected product. This chapter deals with the synthesis,
characterization and metal sensing properties of the coordination polymers and metal

complexes of 2-(quinolin-8-yloxy)propionic acid (LH).
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6.1 Synthesis and characterization of coordination polymer 6.1, 6.3 and
dinuclear complex 6.2

The reaction of 8-hydroxyquinoline with 2-bromopropionic acid in the presence of
sodium hydroxide in methanol led to coordination polymer [{Na,L(H,0)3}Br.H;0].
(6.1) as shown in scheme 6.1. This coordination polymer on treatment with perchloric
acid leads to anion exchange to form a dinuclear complex [Na(HL),(ClO4)2(p-H,0)]
(6.2). Another coordination polymer [Cd(L)Br], (6.3) is formed from 6.1 on its

treatment with cadmium (II) acetate (scheme 6.1).

(o]
X
' P> + HOJH/ Br
N
OH

NaOH
(O
S 6 -
N
~ | N7 Br o\\ _° | O._CH,
w H o ) NP
N 2 o” % /Na\
J Cd(OAc), O/Na \ 07>Q
. OICHa -_— \ / HCIO, H:o Ly !
7 N AN / O\ Lo 0
N . \n N\ | So>en,
L - ) Cl
B N
o Z
1-D coordination polymer 6.3 1-D cordination polymer 6.1 A

Aqua- brldged dinuclear
complex 6

Scheme 6.1: Synthesis of the coordination polymer 6.1, 6.3 and dinuclear complex 6.2

The coordination polymers (6.1, 6.3) and the complex (6.2) are characterised by
determining its crystal structure and also by other spectroscopic techniques. The
IHNMR and BCNMR of the complex shows the signals of the ligand. The 'HNMR

spectrum of the co-ordination polymer 6.1 is shown in figure 6.2.

170
TH-1869_08612201




Chapter 6
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Figure 6.2: 'H-NMR spectra of 6.1 (* indicates the peak for solvent and water

associated with solvent)

Among the alkali metal salts, sodium salts are often used as base in chemistry and
biology.2! The sodium being an essential element in biology, its role in biology is
immense.??% Sodium ion also plays a major role in neuro-transmission.27'30 Thus, it is
very essential to understand structural features of sodium ions that are interlinked by
water molecules and assembled in different ways. Aqua-bridged sodium complexes
are very common in chemistry; mono, di-aqua-bridged, polymeric chainlike structures
or clusters of different nuclearity are being stabilised by suitable anchoring ligands.“'
01t is essential to know their structures and reactivity for further utility. Sodium salts
of carboxylates are being studied to understand different types of structures in sodium
containing complexes.‘”""2

We have also treated the coordination polymer 6.1 with hydrochloric acid and the
mass spectra (figure 6.3) of the corresponding solution is recorded which confirms

that the complex is completely dissociated to give the ligand (LH).

TOF M3

MG e
e
100, b o) ¥

rmws
"m

Figure 6.3: Mass spectra of 6.1 after treatment with hydrochloric acid
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6.2 Structural study of coordination polymer 6.1, 6.3 and dinuclear complex 6.2

The one dimensional coordination polymer of sodium (6.1) has two sodium ions
attached to per propionate ligand; and polymer is in a hydrated form. From X-ray
crystallography it is evident that there are three sodium ions in different
environments; however, all of them are in octahedral environment. The asymmetric
unit of the coordination polymer is shown in figure 6.4a and the one-dimensional
chain of the cationic part is shown in figure 6.4b. The sodium ions are bound to
carboxylate groups in an uﬁusual manner, through bi- and trifurcated coordination
mode. The carbonyl group of carboxylate is bifurcated to bridge two sodium ions
whereas the other oxygen binds to three sodium ions to form a tetrahedral kind of
arrangement as illustrated in figure 6.4c. The ethereal oxygen atom and the nitrogen
atom of oxy-quinoline along with an oxygen atom of carboxylate coordinate to form a
chelate structure. This chelate is favoured by the sickle shape of the ligand which is
also similar to a cavity that provides space for a sodium ion. Actually, this sodium ion
is attached to two more coordinating water molecules (one bridging and one
terminal). With the terminal water molecule and the chelating ligand a repeating unit
of NaL(H,O) is formed. Two such repeating units are connected by a Na(p-H20)q
units through bridging water molecules and carboxylate groups. The charge on the
former unit is neutralised by the propionate anion, whereas the later cationic part is
neutralised by bromide anion. The bromide ions are held in between the cationic
polymer chain and are attached to the chain through O-H-Br interactions with a
bridging water molecule (O5) and a coordinated water molecules (O4). The bromide
ions are further held by the lattice water molecules via Br-+-H-O interactions. Water
molecules of each layer are held to each other by hydrogen bonds. The hydrogen
atoms on the lattice water could not be located, the oxygen atom is disordered. Thus
we could not precisely show the hydrogen bond parameters of this water molecule
with bromide. The ionic nature of the bromide ion is easily depicted by adding silver
nitrate solution, which leads to a dirty white precipitate of silver bromide. There are
many examples of water coordinated sodium complexes stabilised by nitrogen donor
ligands.’* As mentioned earlier, the sodium ions can adopt different nuclearities

31

through aqua bridges; such as tetranuclear cluster,® linear-chain,”" mono-aqua

bridged3 3 and diaqua-bridged structures’> etc. are reported in literature. However, our
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present coordination polymer has novel bi- and tri-furcated carboxylate bridges that

connect five sodium atoms simultaneously by one carboxylate ligand, which is unique
43-45

among the conventionally observed carboxylate binding modes.

@ ()

Figure 6.4: (a) Asymmetric unit of 6.1 (ORTEP diagram drawn with 50% elipsoid
probability); (b) the coordination polymer; (excluding bromide and lattice water), (¢)

the binding of carboxylate to sodium cations

The powder X-ray diffraction of the coordination polymer 6.1 shows that the peaks
obtained from experiment tallies with the simulated one; however the intensity of the
peaks in each case varies (figure 6.5). Some of the prominent bond angles and bond

distances contributing to the coordination of sodium ions are listed in table 6.1.
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Figure 6.5: The experimental (bottom) and simulated (top) PXRD of coordination
polymer 6.1

Table 6.1: Selected bond distances (A) and bond angles () of coordination polymer
6.1

Bond distances (A)

Nal-O3 2.373(3) Na2- 02 2.328(3)
Nal-O1 2.396(3) Na2 -05 2.420(4)
Nal-O4 2.412(4) Na2- 06 2.428(4)
Nal-O5 2.446(4) Na3 -02 2.555(3)
Nal- 02 2.357(3) Na3- 03 2.373(3)
Nal-Nl1 2.450(4) Na3 -06 2.442(3)
Bond angles () '

02- Nal- O3 79.68(12) O3 -Nal- N1 107.89(13)
02- Nal- 01 68.10(11) Ol-Nal- N1 66.31(12)
03 -Nal- Ol 94.93(12) 04 -Nal- NI 98.50(14)
02- Nal- 04 127.26(14) 05-Nal-N1 112.36(14)
O3-Nal- 04 85.39(14) 02- Na2- 05 175.47(14)
01 -Nal- 04 164.19(14) 02- Na2 -06 84.55(11)
02- Nal- 05 80.59(13) 05- Na2 -06 91.75(13)
03- Nal- 05 138.14(14) 04 -Nal -05 77.89(15)
Ol- Nal- 05 111.18(14) 02 -Nal- N1 134.23(13)

Since complex 6.1 contains ionic bromide, we tried to exchange this anion by
perchlorate anion. Replacement of the bromide by perchlorate on addition of
perchloric acid resulted in the formation of a dinuclear complex [Nax(HL)2(ClO4)2(p-
H;0)] (6.2). From the structure of 6.2 it is seen that there is a structural reorganisation
of the complex 6.1 to accommodate the perchlorate anion. In the complex 6.2 the
perchlorate anions are found to be highly disordered. It acts as a monodentate ligand
to sodium ion. Generally an ionic perchlorate maintains a symmetric structure and

46-47

shows single strong IR-absorption around 1100 cm™. The complex has strong

absorptions at 1120 cm™, which is broad and sharp. Since the perchlorate ligand in
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this complex has a relatively symmetric structure, we have not seen splitting of this
peak. The complex contains aqua bridges between the sodium ions and IR contains
signals for OH stretching 3444 cm™ from such bridging water molecules. The
structure of the complex 6.2 is shown in figure 6.6a. The coordination environment
around sodium ion as depicted in figure 6.6a shows that each sodium ion is attached
to the nitrogen and oxygen atoms of oxy-quinoline and carboxylate oxygen of the
ligand. The ligand LH serves as tridentate ligand for sodium ion and also the
carboxylate group of the ligand further holds another sodium ion through oxy-bridge.
Each sodium ion has one water molecule each, that serves as bridging ligand to
anchor another sodium ion. A six coordinate geometry around sodium ion is
established in each case. The Cl-O-Na bonds are disordered. This makes uncertain in
description of Cl-O bond lengths. The dinuclear complexes self-assemble to form

supramolecular polymers as illustrated in figure 6.6b.

(a)

Figure 6.6: (a) Structure of 6.2 (ORTEP diagram drawn with 50% elipsoid
probability); (b) hydrogen bonded self-assembly of 6.2

The powder X-ray diffraction shows that the peaks obtained from experiment tallies
with the simulated one; however the intensity of the peaks in each case varies (figure
6.7). Some of the important bond angles and bond distances contributing to the

coordination of sodium ions are listed in table 6.2.
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Figure 6.7: The experimental (bottom) and simulated (top) PXRD of dinuclear
complex 6.2

Table 6.2: Selected bond distances (A) and bond angles () of the dinuclear complex
6.2

Bond distances (A)

Nal- 09 2.472(12) Nal- Ol 2.5411(15)
Nal -O3 2.4745(18) Nal- 04 2.567(2)
Nal -O5 2.478(12) Nal- N1 2.573(2)
Nal- O2 2.5070(16)

Bond angles (=)

09-Nal-03 145.6(3) 03 -Nal- 05 152.4(3)
09- Nal- 03 13.2(4) 09- Nal- 02 82.2(3)
03- Nal- 02 114.33(6) 03-Nal- 03 69.34(9)
05 -Nal- 02 86.4(4) 05-Nal- O3 100.7(2)
09- Nal- O3 87.5(3) 02-Nal- O3 75.67(6)
09- Nal- O1 152.6(3) 03- Nal- Ol 61.81(5)
05- Nal- 01 142.5(2) 02- Nal- Ol 84.01(6)
03-Nal- 01 111.78(6) Q9 -Nal- 04 75.4(3)
03-Nal- 04 73.61(6) 03- Nal- 04 72.86(6)
05- Nal- 04 78.8(3) 0O1-Nal- 04 127.76(5)
0O2- Nal- 04 141.81(5) 09- Nal- N1 94.0(2)
03- Nal- N1 115.55(7) 05-Nal- N1 81.6(2)
02- Nal- Nl 88.18(6) 0O1-Nal- N1 61.97(5)
03-Nal- N1 163.44(6) 04 -Nal- NI 123.47(6)
Nal -03 -Nal 95.72(7) Nal-O4 -Nal 92.34(10)

Coordination polymers of 2-(quinolin-8-yloxy)acetate are reported in literature.***’

For such studies the alkali metal salts are used as starting material. Earlier results on
the lanthanide complexes have shown that chelated complexes of the ligands are
assembled by side of coordination of carbonyl groups or by combining them with
dicarboxylates.” We have selected a relatively large size cation namely cadmium, as
it can expand its coordination number from six to nine. We studied the coordination
polymer of 2-(quinolin-8-yloxy)propionate ~ with cadmium (6.3) by treating
coordination polymer 6.1 with cadmium acetate (scheme 6.1). In this case the
bromide ion did not get replaced, but it went into the coordination sphere of cadmium
ion. Thus, each cadmium ion has five coordination environments; comprise of a

ligand occupying three coordination sites, another site is occupied by a bromide ion.
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The rest of the position is occupied by an oxygen atom of a carbonyl of the
carboxylate from another ligand attached to cadmium. This type of coordination by
carbonyl groups from each repeating unit continues and the ligands are disposed at
trans-positions to each other. So, such [CdLBr] unit repeats (figure 6.8a) to form
chain like structure. The five coordinate cadmium ions are in distorted square
pyramidal geometry. The five coordination geometry of cadmium are less in numbers
in comparison to other coordination numbers.’*®' In this case, it may be as a
consequence of the presence of a large coordinating bromide ion, further the bromide
ions of the two chain are placed parallel, provide interlayer interactions. The
coordinated bromides are positioned face to face have contact distance 3.697A (figure
6.8b). This distance is in agreement with the generally observed bromide-bromide
interactions in bromo-organic derivatives. For example the bromine-bromine contact
in 4-brmnobenzaldel1ycic:52 is 3.674 A. The bromide oxygen, and other halogen-
halogen™™* distances are important in biological molecules and have interest in
crystal engineering. These interlayer interactions prevent sixth ligand to come close to

cadmium and make it five coordinate coordination polymer.

i i
Br1-/ o3

Figure 6.8: (a) Asymmetric unit of 6.3 (ORTEP diagram drawn with 50% elipsoid
probability); (b) 1-D coordination polymer 6.3 with Br--'Br interactions
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Table 2: Selected bond distances (A) and bond angles (°) of coordination polymer 3

Bond distances (A)

Cd1- 03 2.215(2) Cd1-02 2.333(2)
Cdl- N1 2.279(3) Cd1-01 2.414(2)
Cd1-Brl 2.5306(7)

Bond angles (¢)

03-Cd1-N1 119.66(10) 02-Cd1-01 65.66(8)
03-Cd1-02 86.79(8) 03-Cd1-Brl 104.12(8)
N1-Cd1-02 124.39(9) N1-Cd1-Brl 116.96(8)
03-Cd1-01 146.22(9) 02-Cd1-Brl 99.31(7)
N1-Cd1-01 67.80(9) 01-Cdl1-Brl 99.53(7)

Solution study of coordination polymer 6.1, 6.3 and dinuclear complex 6.2

On treatment with hydrochloric acid, the coordination polymer 6.1 shows

fluorescence at 474 nm upon excitation at 320 nm (figure 6.9) which shows that the

ligand (LH) is fluorescence active in its free state.

474 nm

Intensity {a.u.)
¥¥8ERELE

g

g

400 450 500 550 600
Wavelenmgth (nm)

Figure 6.9: Fluorescence spectra of 6.1 after treafment with hydrochloric acid

However, coordination polymer 6.1 and dinuclear complex 6.2 are fluorescence
inactive; whereas, the coordination polymer 6.3 is highly fluorescent. The
coordination polymers 6.1 and 6.2 have UV-absorption peaks around 310 nm, The
coordination polymer 6.1 and complex 6.2, independently shows a gradyg]
enhancement in the emission intensity at 403 nm upon excitation at 320 nm op
addition of cadmium acetate. Generally quinoline derivatives have © to n and 7 to 7
transitions, the n and n* energy levels are very close in energy. Upon coordination to
metal ion the n level gets stabilised and emission occurs from 7* to m level. Thus,
there is enhancement of fluorescence signalling on titration with filled core ions.
However when there is incompletely filled d-orbitals are present the electrons can be
accommodated from the excited state to the d-orbital, thereby changing the path of
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decay and causes quenching of fluorescence.”> When, we carried out fluorescence
titration of 6.1 and 6.2 with different metals at +2 oxidation state, namely that of
zinc, mercury, magnesium, calcium, barium, copper, nickel, manganese. The addition
of metal ions that have filled core electronic configuration such as zinc, cadmium,
mercury, magnesium, calcium, barium showed gradual enhancement of fluorescence
intensity, whereas addition of metal (II) acetates with vacant d-orbitals such as
copper, nickel, manganese do not cause changes in fluorescence emission of the
complex 6.1 and 6.2. As a representative case, the enhancement of fluorescence
intensity of coordination polymer 6.1 and dinuclear complex 6.2 on addition of

cadmium (II) acetate is shown in figure 6.10.

1000
00 200
800 800
700 ._‘m

3 s 80

";500 % 500

E‘W _§=_wo

E&Du -
200 200
100 100

o L— (1]

Wavelength (nm) Wavelength (nm)

(@) (b)

Figure 6.10: (a) Increase in the fluorescence emission intensity of 6.1 (10* M in
methanol) on gradual addition of 10 pL of cadmium acetate (10 M in methanol); (b)
Changes in the fluorescence emission spectra of 6.2 (10"4 M in methanol) on gradual

addition of 10 pL of cadmium acetate (1 0~ M in methanol)

The fluorescence emission by quinoline based receptors are used to detect zinc(1T)
ions in aqueous medium.>® The need of zinc receptors in bio-related neuro transmitter
is elegantly described.”” The 1,10-phenanthroline containing cadmium complexes
show fluorescence emission.’*®® It is to be mentioned that the receptors for
fluorescence enhancements are generally organic fluorophores, the coordination
polymers as receptors are not been studied and our study opens up a new dimension.
The use of coordination polymer have interesting process in drug delivery as it would
act as probe while delivering another component through dismantling of the polymer
upon interaction with a substrate, for example in our case when cadmium binds
sodium ions are expelled from the complex to provide a fluorescence emitter, in the
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form of cadmium complex 6.3. We have been able to see a sharp enhancement of
fluorescence intensity in protic solvent, namely methanol. A comparative picture on
the relative enhancement of emission intensity by different metal ions is illustrated by
bar diagrams shown as figure 6.11. In these figures the relative intensity changes of
parent coordination polymer with equal amount of each ion are plotted. From these
bar graphs it is clear that the presence of bromide ion in and perchlorate ion in the
respective complexes 6.1 and 6.2 does not interfere in the emission process. It is also
observed that in both the cases zinc and magnesium ions show maximum

enhancements in the fluorescence intensity; whereas mercury (+2) ion shows the least

enhancement.
00 600
B00
500
- 3
3 5
8 &0 Foa
£ 5
2 Exo
£ w0 g
F o
g 20 3
g Y 100
i 10
a 0
Zn (<] Hg Mg Ca Ba Zn cd Hg Mg Ca Ba
(2) (b)

Figure 6.11: Bar graphs showing fluorescence emission intensity of (a) coordination
polymer 6.1 (10 M in methanol) after addition of 100 pL of metal acetate (10° M in
methanol); (b) Dinuclear complex 6.2 (10 M solution in methanol) after addition of

100 pL of metal acetate (10 M solution in methanol)

Conclusion

In conclusion, a sodium coordination polymer having unusual di- and trifurcateq

carboxylate binding modes is shown. Both anion and cation of a coordination polymer
can be easily replaced. Bromide is replaced by perchlorate to form a dinuclear
complex. The sodium ions are replaced by cadmium (II) ions to give one dimensiona]
dination polymer. This study also demonstrates the use of coordination polymers

coorT

as receptors for fluorescence enhancement by selective metal ions.
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Experimental

Synthesis of 6.1: [{Na;L.(H20);3}.H20.Br],

a Na
v

8-Hydroxyquinoline (0.72 g, 5 mmol) was dissolved in methanol (25 ml) and sodium
hydroxide (0.28 g, 7 mmol) was added. The reaction mixture was then stirred for 30
minutes at room temperature. 2-Bromopropionic acid (0.75 g, 5 mmol) was added to
the reaction mixture and refluxed for 6 hours at 70 °C. The reaction mixture was then
allowed to stand at room temperature for 4 days to obtain colourless crystals of 6.1.

Yield: 72%.

IR (KBr, cm™): 3430 (bs), 2945 (w), 1602 (s), 1504 (m), 1412 (m), 1316 (m), 1259
(m), 1116 (m), 790 (m). '

'HNMR (DMSO-d’, 400 MHz): 8.7 (s, 1H); 8.3 (d, J = 6.8Hz, 1H): 7.5 (t, ] = 4.0Hz,
1H); 7.4 (m, 2H); 4.8 (m, 1H); 1.4 (m, 3H).

BCNMR (DMSO-d°, 100 MHz): 175.2, 151.9, 149.5, 139.5, 136.8, 129.2, 127.3,
119.4, 109.8, 74.7, 17.7.

Amax( methanol) =310 nm (e = 7.9 x 10° mol'em™).

g
T . T e o At it on e BT o + R T e
180 160 140 120 100 a0 60 a0 20

e T Ty

Figure 6.12: BC-NMR spectra of coordination polymer 6.1 (* indicates the peak for

solvent)
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Synthesis of 6.2: [Nay(HL)2(C104)2(p-H20)]

N/
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Coordination polymer 6.1 (0.82 g, 2 mmol) was dissolved in methanol and a dilute
solution of perchloric acid was added to it. The reaction mixture was stirred at room
temperature and allowed to stand for three days to obtain colourless crystals of

compound 6.2.

Yield: 68%.

IR (KBr, cm™): 3444 (bs), 2977 (w), 1752 (s), 1626 (s), 1504 (m), 1379 (m), 1120 (),
822 (m), 757(m).

Amax( methanol) = 307 nm (e = 6.6 x 10> mol™ em™),

35
30
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20
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10 52 1626

120
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Figure 6.13: IR spectra of the dinuclear complex 6.2

Synthesis of 6.3: [Cd(L)Br]x

Compound 6.1 (0.82 g, 2 mmol) was dissolved in methanol and Cd(O,CCH;),.2H,0
0.53 & 2 mmol) was added to it. The reaction mixture was stirred at room

temperature and allowed to stand for three days to obtain colourless crystals of

compound 6.3.
Yield: 61%.
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IR (KBr, cm™): 3459 (bs), 1624 (s), 1506 (m), 1396 (m), 1320 (m), 1226 (m), 1118
(m), 828 (m).

Amax(methanol) =311 nm (e = 1.1 x 10* mollem™).

3459

4000 3500 3000 2500 2000 1500 1000 500 [}
Wave number (cm-1)

Figure 6.14: IR spectra of the coordination polymer 6.3
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Conclusion

Binding ability of ester and amide derivatives of quinoline towards different acids such as
amino acids, hydroxy acids, mineral acids and simple carboxylic acids depends on their
structures. The anion binding and stoichiometry changes the orientations of the flexible arm
of an amide containing receptors. Such spatial arrangements can also decide the number/s of
sites to protonate in case of substrates having multiple sites for protonation. Anion
coordination can change a flexible bent molecule to a stretched one and at the same time a
stretched molecule can also be converted to a bent structure on interaction with anions. A
receptor molecule with closed pack structure can be converted into a structure with uniform
cylindrical voids. The amide derivatives of 8-aminoquinoline undergoes multi-component
feaction to give novel heterocycles. The same derivatives also shows cyclisation reaction in
presence of different metal ions, these reactions are very sensitive towards the metal ions and
solvent systems. The anion binding to modified substrates can be used to distinguish between
anions. The reactivity pattern of different metal ions with the compounds enables to

distinguish the receptors as well as the metal ions. Thus, it can also provide a scope to insitu

generate receptors for recognition of metal ions and anions.

Urea derivative of quinoline can be used as a colour sensor to distinguish isomeric
dicarboxylic acids. The salts of this urea derivative are of yellow coloured whereas the co-
crystals are colourless. By virtue of this property, a pair of stereo isomers (maleic acid and
fumaric acid) and a pair of positional isomers (phthalic acid and terephthalic acid) can be
distinguished both in solution as well as in solid state. Urea and carbamide derivatives of
quinoline show an increase in the number of symmetry non-equivalent molecule in the

crystallographic asymmetric unit on coordination with anions.

Quinoline derivative undergoes a Mn(OAc); catalysed C-C coupling reaction to give a 5,5'-
diquinoline derivative. This 5,5'-diquinoline derivative forms a single helical structure. The
helicity of the molecule is maintained on encapsulation of guests having different structure.
Further, nitric acid forms a co-crystal, whereas perchloric acid forms a salt with this
diquinoline derivative. This is a rare example where a strong acid such as nitric acid is not
dissociated in presence of a base like quinoline. However, in solution both the acids behave

in a similar way.
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Quinoline based carboxylic acid derivatives forms an ionic coordination polymer with
sodium. Anion exchange of the coordination polymer leads to a dinuclear complex while the
exchange of the metal with cadmium leads to a neutral coordination polymer. This study also

demonstrates the use of coordination polymers as receptors for fluorescence enhancement by

selective metal ions.

The structural backbones depicted here are based on quinoline units that are generally
component of drugs; therefore it leaves ample scopes to make predictive models for

analogous study on drug delivery as well as drug-substrate activity.
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Appendix

Details of the analytical instruments

X-Ray Crystallography

X-ray diffraction data were collected on Bruker 3-circle diffractometers with
CCD area detectors ProteumM APEX or SMART 6000 or Bruker Nonius Apex 2,
using graphite-monochromated Mo-K«& radiation (A = 0.71073 A) from a 60W

microfocus Bede Microsource® with glass polycapillary optics or a sealed tube.

X-ray diffraction data for all crystals were collected using Bruker SMART
software. This software was also used for indexing and determination of the unit cell

parameters. The structures were solved by direct methods and refined by full-matrix

least squares against F* of all data, using SHELXTL software. The CIF of all the
compounds synthesized and characterized are included in the soft copy.

All non-H atom were refined by full-matrix least squares in anisotropic, all H
atoms in isotropic approximation, against F* of all reflections. All non-H atoms were
refined by full-matrix least squares in the anisotropic approximation and the hydrogen
atoms attached to these atoms were treated as ‘riding’ in calculated positions and in
some of the cases the hydrogen atoms have been located on the difference Fourier
maps. In all cases the hydrogen atoms attached to polar atoms such as O and N were
located on the difference Fourier maps and refined in the final structure in isotropic
approximation. The crystallographic tables for all the compounds are given at the end

of this section, which includes the crystal parameters and the refinement factors.

UV-visible Spectroscopy, emission and IR Spectroscopy

UV-vis absorption spectra were recorded using Perkin-Elmer Lambda 750
spectrophotometer equipped with double cell compartments. All the chemicals and
solvents used were as obtained from the satndard suppliers such as E.Merck Germany,
Sigma Aldrich USA, Ranbaxy India. The solvents for spectroscopic were of HPLC
grade (Aldrich or Merck) and used as obtained. The fluorescence spectra Were
recorded in Fluoromax-4, spectrofluorometer. The FT-IR spectra were recorded on

Perkin-Elmer spectrum one spectrometer in the range 4000-400 cm™.
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NMR Spectroscopy

The NMR spectra were recorded in a Bruker 400 MHz spectrometer. The
chemical shifts in the NMR spectra are all given in ppm and tetramethylsilane as the
internal standard. The solid state >*C CP-MAS were recorded in a Bruker 500 MHz

AV NMR spectrometer.

Crystallographic data and refinement parameters for the compounds

Compound No. 2.3 2.3a 2.3b

Formulae Czo H]s N3 02 C23 st B F4 N4 04 Czo H|7 Clz N3 O]o

CCDC No. 790481 724792 724793

Mol. wt. 329.35 508.28 530.27

Crystal system Triclinic Orthorhombic Monoclinic

Space group P-1 P2,2,2, P2,/c

Temperature /K 296 296 296

Wavelength /A 0.71073 0.71073 0.71073

a/d 8.2758(7) 6.7700(3) 9.4742(9)

b/A4 10.0169(8) 11.7365(5) 10.6945(14)

c/A 10.2197(9) 30.6874(12) 21.747(2)

o/° 85.635(5) 90.00 90.00

/e 85.319(5) 90.00 90.662(5)

¥/° 77.445(5) 90.00 90.00

v/ A3 822.69(12) 2438.30(18) 2203.3(4)

4 2 4 4

Density/Mgm™ 1.330 1.385 1.599

Abs. Coeff. /mm™ 0.088 0.115 0.360

Abs. correction None None None

F(000) 344 1056 1088

Total no. of reflections 2927 18108 13693

Reflections, I > 20(1) 2336 4444 3377

Max. 26/° 50.5 51.0 48.48

Ranges (h, k, ) -9<h< 9 -8<h<8 -10<h<10
-11gk <11 -14<k<14 -12<k<8
-12<1<12 -35<1<35 255 1<25

Complete to 26 (%) 98.4 96.9 95.0

Refinement method

Full-matrix least-
squares on F*

Full-matrix least-
squares on F

Full-matrix least-
squares on F*

Data/ 2927 /07226 4444 /0/343 3377 /0/324
Restraints/Parameters

Goof (F?) 1.041 1.043 1.043

R indices [ > 20(1)], 0.0574 0.0628 0.0836

R indices (all data), 0.0653 0.1038 0.1233
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Compound No. 2.3c 2.3d 2.3e 24
Formulae Cz0 Hz2 N4y Og Ca24 Hyo N3 O Ca6 H3 N3 Og C20Ha24 N3 Os
CCDC No. 860510 790480 790482 790478
Mol. wt. 446.42 462.43 521.47 372.41
Crystal system monoclinic’ Monoclinic Triclinic Triclinic
Space group P2,/c P2,/n P-1 P-1
Temperature /K 296 296 296 296
Wavelength /A 0.71073 0.71073 0.71073 0.71073
a/d 15.3088(9) 6.7151(11) 7.5146(7) 8.7292(14)
b/A 7.1561(4) 16.530(3) 12.2378(12) 10.675(2)
o/d 19.0953(11) 19.258(4) 13.6349(13) 11.0402(19)
o/° 90.00 90.00 94.239(7) 87.703(10)
/e 98.086(4) 91.372 (6) 97.921(7) 72.230(8)
¥/° 90.00 90.00 97.873(6) 80.940(9)
v/ A’ 2071.1(2) 2136.9(6) 1224.7(2) 967.4(3)
Z 4 4 2 2
Density/Mgm™ 1.432 1.437 1.414 1278
Abs. Coeff. /mm™ 0.112 0.108 0.109 0.092
Abs. correction None None None None
F(000) 936 964 544 396
Total no. of reflections 5108 3850 4365 3282
Reflections, I > 2a(l) 2282 1763 2087 2747
Max. 26/° 56.80 50.5 50.5 50.0
Ranges (h, k, 1) -18<h<20 -7<h<8 -8<h<8 -10 < h<10
-9<k<9 -19<k<19 -14<k<13 -12<k<12
-25<1<25 -22<1<23 -1651<16 -9<1<13
Complete to 28 (%) 98.3 99.6 98.5 96.8
Refinement method Full-matrix Full-matrix Full-matrix Full-matrix

Data/

Restraints/Parameters

Goof (Fz)

R indices [ > 2a(])],
R indices (all data),

least-squares on

5108/3/313

0.880
0.0500
0.1204

least-squares on

3850/4/319

1.059
0.0998
0.1612

least-squares on

4365/0/357

0.871
0.0409
0.0958

least-squares on

3282 /0/265

0.855
0.0589
0.0654
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Compound No. 24a 2.4b 25 2.5a
Formulae C24H4N, O, CH;N;Os CyoHy N3O, Cy Hy, CIN;
o

CCDC No. 790479 790477 724794 7264795

Mol. wt. 452.45 393.41 335.40 435.86

Crystal system Monoclinic Monoclinic Orthorhombic Trigonal

Space group P2i/n P2,/c Pna2, R-3

Temperature /K 296 296 296 296

Wavelength /A 0.71073 0.71073 0.71073 0.71073

a/d 17.862(3) 17.792(15) 14.6536(8) 33.2881(8)

b/4 4.8456(8) 4.909(4) 22.5764(12) 33.2881(8)

c/Ad 26.550(4) 25.985(16) 5.3987(3) 9.8459(3)

a/® 90.00 90.00 90.00 90.00

e 101.540(9) 120.21 (4) 90.00 90.00

v/° 90.00 90.00 90.00 120.00

\ZN 2251.6(6) 1961 (3) 1786.03(17) 9448.5(4)

z 4 4 4 18

Density/Mgm” 1.335 1.332 1.247 1.379

Abs. Coeff. /mm 0.099 0.095 0.082 0.224

Abs. correction None None None None

F(000) 952 828 712 4104

Total no. of reflections 3866 3423 12777 36199

Reflections, I > 20(1) 1418 1967 3166 4017

Max. 26/° 50.5 50.5 51.00 51.48

Ranges (h, k, 1) 21<h<2l  -21<h<20 -17< h<17 -40 <h < 40
S5<k<4 -5<k<s5 27<k<26 -40 < k < 40
-29<1<27 -30<1<31 6<1<6 -l1<1<11

Complete to 26 (%) 94.8 96.5 99.9 99.9

Refinement method

Data/
Restraints/Parameters

Goof (Fz)
R indices [/ > 20(D)],
R indices (all data),

Full-matrix
least-squares
on F*

3866/0/311

0.765
0.0493
0.1454

Full-matrix
least-squares

on F2
3423/0/273

0.679
0.0529
0.2053

Full-matrix

least-squares on

3166 /1/235

1.100
0.0600
0.0917

Full-matrix

least-squares
on

4017/0/284

1.162
0.0650
0.0873
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Compound No. 33 34 3.8a 3.8b
Formulae CxHpyN;0, Ci7HpCIN,Os C;yHgN3; O,  Cy HyCIN; Os
CCDC No. 727520 727521 812208 812210
Mol. wt. 415.52 382.79 246.20 284.65
Crystal system Monoclinic Triclinic Orthorhombic = Monoclinic
Space group P2,/c P-1 Pnma P2)/c
Temperature /K 296 296 296 296
Wavelength /A 0.71073 0.71073 0.71073 0.71073
a/d 5.9440(3) 8.5943(4) 15.410(3) 9.2378(7)
b/A 11.4162(6) ~ 10.4893(4) 9.2617(17)  8.8185(7)
c/d 33.3131(18)  10.9439(6) 7.3465(13) 14.3709(10)
o/ 90.00 74.363(3) 90.00 90.00

p/° 92.703(3) 67.062(3) 90.00 93.458(5)
v/° 90.00 87.411(3) 90.00 90.00

VI A’ 2258.0(2) 872.94(7) 1048.5(3)) 1168.57(15)
Z 4 2 4 4
Density/Mgm™ 1222 1.456 1.560 1.618

Abs. Coeff. /mm’ 0.078 0.257 0.122 0.346

Abs. correction None None None None
F(000) 838 400 508 584

Total no. of reflections 2358 2786 959 2038
Reflections, I > 20(I) 1596 2403 426 1388

Max. 26/° 42.54 48.98 50.0 50.5

Ranges (h, k, 1) -5<h<6 9<h<10 -16<h<18 .10<h< 11

-11gk <11 -11<k <12 -10< k<10 -10<k<10
-33<1<33 -12<1L12 -7<1<8 17 <1< 17

Complete to 26 (%) 94.4 96.0 97.5 96.1
Refinement method Full-matrix Full-matrix least-  Full-matrix Full-matrix

Data/
Restraints/Parameters

Goof (F‘z)
R indices [/ > 20(1)]
R indices (all data)

least-squares
on

2358/0/284

0.838
0.0443
0.0676

squares on FZ

2786 /0/242

1.042
0.0432
0.0508

least-squares
on

959 /0/109

0.829
0.0390
0.1052

least-squares on

2038/0/172

0.983
0.0566
0.0790
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Compound No. 3.11 4.1 4,2 4.3

Formulae CH 1 CIN,Os CisHizN;O  CigHiaN:O Cis Hiz N> O

CCDC No. 812209 695409 695412 697831

Mol. wt. 298.68 263.29 263.29 264.28

Crystal system Monoclinic Monoclinic Monoclinic Orthorhombic

Space group P2;/n Pc P2,/c P2,2,2,

Temperature /K 296 296 296 296

Wavelength /A 0.71073 0.71073 0.71073 0.71073

a /4 7.2404(8) 12.3447(3) 19.5575(15) 9.8403(8)

b/A 9.4455(9) 4.59570(10)  8.7354(7) 10.5515(11)

c/A 18.8974(18) 11.4845(3) 17.3377(18) 13.0173(11)

a/° 90.00 90.00 90.00 90.00

/e 92.187(5) 95.416(2) 113.379(5) 90.00

v/° 90.00 90.00 90.00 90.00

v/ Al 1291.4(2) 648.64(3) 2718.8(4) 1351.6(2)

7z 4 2 8 4

Density/Mgm™ 1.536 1.348 1.286 1.299

Abs. Coeff. /mm’ 0.317 0.087 0.083 0.088

Abs. correction None None None None

F(000) 616 276 1104 552

Total no. of reflections 2270 5009 17748 8335

Reflections, I > 2a(1) 1569 1779 4940 3326

Max. 26/° 50.5 48.20 51.30 56.94

Ranges (h, k, I) -8<h<8 -14 <h <13 -23<h<23 -12< h<7y
9<k<10 5<k<5 (10<k<10  -l4<k<13
20<1<22 122112 S20=51<12 <17 £ 1< 1%

Complete to 26 (%) 97.0 96.0 96.1 97.5

Refinement method Full-matrix least- Full-matrix Full-matrix Full-matrix

Data/
Restraints/Parameters

Goof (F?)
R indices [/ > 2a(1)]
R indices (all data)

squares on F*

2270/0/182

1.484
0.0671
0.0862

least-squares
on F*

177972/ 189

1.093
0.0271
0.0278

least-squares
on F*

4940/0/373

0.993
0.0632
0.1715

least-squares
2
on F*

3326/0/ 181

1.037
0.0657
0.1121
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Compound No. 4.4 4.5 4.6 4.7

Formulae CisHisN3 O3  CyH;yN30Os  Cy HygN; Os C35 H3p Ng Os

CCDC No. 733267 740130 733270 733268

Mol. wt. 321.33 379.37 360.38 630.65

Crystal system Monoclinic Triclinic Monoclinic Monoclinic

Space group P2,/c P-1 P2,/c C2/c

Temperature /K 296 296 296 296

Wavelength /A 0.71073 0.71073 0.71073 0.71073

a/d 29.8193(13) 8.983(3) 32.9369(11) 56.260(3)

b /A 4.5614(2) 9.227(3) 4.58450(10) 4.5849(2)

c/Ad 11.7300(5) 12.544(5) 11.9420(4) 11.8816(6)

o/° 90.00 73.06(2) 90.00 90.00

B/ 99.506(3) 69.25(2) 96.803(2) 93.071(5)

y/° 90.00 70.06(2) 90.00 90.00

v/ A 1573.58(12)  896.6(6) 1790.54(9) 3660.4(3)

Z 4 2 4 4

Density/Mgm® 1.356 1.405 1.337 1.369

Abs. Coeff. /mm’ 0.095 0.103 0.091 0.096

Abs. correction None None None None

F(000) 672 396 756 1320

Total no. of reflections 12653 7636 17929 15057

Reflections, I > 2a0(I) 2738 2740 3503 3018

Max. 26/° 49.98 48.50 51.94 51.98

Ranges (h, k, 1) -35<h<32 -10<h<9 -40< h<39 -67<h<68
-5<k<5 -10<k<10 -5<k<5 -5<k<5s
-13<1<13 -14<1<13 -14<1<14 -14<1<14

Complete to 26 (%) 98.8 94.2 99.4 100.00

Refinement method Full-matrix Full-matrix Full-matrix Full-matrix

least-squares
on

least-squares
on F°

least-squares on

least-squares
on

Data/ 2738/0/226 2740/0/265 3503 /6/262 3018/ 0/ 240
Restraints/Parameters

Goof (F°) 1.061 1.245 1.008 1.062

R indices [I > 20(])] 0.0409 0.0548 0.0487 0.0486

R indices (all data) 0.0537 0.0824 0.0661 0.0591
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Compound No. 4.8 4.9 4.10 4.11
Formulae CaaHigN3Os CypHisN3O0;3 CpoHigsN3O;3  Cy3 Hig Ny Os
CCDC No. 854224 854225 854778 733269
Mol. wt. 429.42 346.36 336.36 430.41
Crystal system Orthorhombic Monoclinic Monoclinic Triclinic
Space group Pben P2,/c P2,/c P-1
Temperature /K 296 296 296 296
Wavelength /A 0.71073 0.71073 0.71073 0.71073
a/d 12.545(2) 32.0957(11) 30.916(4) 7.5517(4)
b/4 12.547(2) 4.5387(2) 4.5580(5) 8.7121(5)
c/A 26.022(4) 11.8773(4) 12.1164(15) 16.3472(9)
o/° 90.00 90.00 90.00 90.547(3)
p/° 90.00 99.816(2) 95.876(9) 94.558(3)
v/° 90.00 90.00 90.00 111.759(3)
v/ A? 4096.2(12) 1704.87(11)  1698.4(4) 994.83(10)
Z 8 4 4 2
Density/Mgm® 1.393 1.349 1.315 1.437
Abs. Coeff. /mm 0.099 0.093 0.091 0.104
Abs. correction None None None None
F(000) 1792 724 708 448
Total no. of 5101 4201 3088 14140
reflections
Reflections, I > 2a(]) 2671 2510 1106 4830
Max. 26/° 56.66 56.80 50.50 56.68
Ranges (h, k, 1) -16<h<15 -42<h<42 -34<h<37 -10<h<10
-15< k<16 -5<k<5 -5< k<5 -10<k<11
33<1<34 -15<1<15 -13< 1< 14 21 <117
Complete to 26 (%) 99.6 98.9 99.8 97.3
Refinement method Full-matrix Full-matrix Full-matrix Full-matrix

Data/
Restraints/Parameters

Goof (F%)
R indices [/ > 20(1)]
R indices (all data)

least-squares
on

5101/0/297

0.897
0.0567
0.1278

least-squares
on

4201/0/236

0.975
0.0454
0.0790

least-squares
on

3088 /0/234

0.821
0.0555
0.1592

least-squares
on F*

4830/0/305

1.052
0.0430
0.0544
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Compound No.

4.12 4.13 4.14 4.15
Formulae Cag Hag Cls Ny CysHy; N3 O4S CisHisCIN;  Cs; Hyg Cly
O17 Os N4 O3
CCDC No. 695413 854226 695411 697986
Mol. wt. 1125.27 435.49 363.75 747.48
Crystal system Monoclinic Monoclinic Orthorhombic  Triclinic
Space group P2,/c C2/c Pna2, P-1
Temperature /K 296 296 296 296
Wavelength /A 0.71073 0.71073 0.71073 0.71073
a/Ad 17.719(3) 35.284(2) 19.584(5) 7.428(2)
b4 15.831(3) 9.3485(6) 8.0620(19) 13.936(4)
& il 18.506(3) 13.8632(8) 20.523(5) 17.274(5)
o/° 90.00 90.00 90.00 108.989(5)
p/° 106.694(9) 111.403(5) 90.00 93.671(5)
y/° 90.00 90.00 90.00 97.095(5)
Vi A? 4972.5(16) 4257.5(4) 3240.3(14) 1667.5(8)
Z 4 8 8 9
Density/Mgm™ 1.503 1.359 1.491 1.489
Abs. Coeff. /mm™ 0.269 0.188 0.270 0.269
Abs. correction None None None None
F(000) 2328 1824 1504 79
Total no. of 43899 3794 22668 11187
reflections
Reflections, I > 2a() 12099 3167 7708 7980
Max. 20/° 56.52 50.50 56.54 56.72
Ranges (h, k, 1) 23=h=l2 42 < h< 42 26<h<25 9<hx<2
20< k<20 R k= 1l 9<k=<10 -17< k<18
24<1<24 -16<1<15 26<1< 27 -23<1<23
Complete to 20 (%) 98.2 98.3 99.7 95.9
Refinement method Full-matrix Full-matrix Full-matrix Full-matrix
least-squares least-squares on least-squares  least-squares
on ? on F* on F*

Data/
Restraints/Parameters

Goof (F')
R indices [1 > 20(1)]
R indices (all data)

12099 /0/722

0.995
0.0717
0.1722

3794 /0/353

1.042
0.0450
0.0532

7708/ 1/ 471

1.233
0.0780
0.1793

7980/0 /468

0.930
0.0951
0.2691
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Compound No. 52 53 5.4

Formulae C»n H»n N, 0, CxHy CLN, Oy C22Ha4 Ng Oy

CCDC No. 838324 838325 838326

Mol. wt. 374.44 575.35 532.47

Crystal system Monoclinic Orthorhombic Orthorhombic

Space group C2/c Fddd C222,

Temperature /K 296 296 296

Wavelength /A 0.71073 0.71073 0.71073

a/4d 29.310(14) 51.844(11) 14.640(5)

b/A 7.026(3) 8.1994(19) 20.521(5)

c/A 9.173(4) 24.616(6) 8.322(2)

o/° 90.00 90.00 90.00

p/° 106.564(18) 90.00 90.00

¥/° 90.00 90.00 90.00

v/ A® 1810.5(15) 10464(4) 2500.2(12)

Y4 4 16 4

Density/Mgm" 1.374 1.461 1.415

Abs. Coeff. /mm” 0.091 0.310 0.114

Abs. correction None None None

F(000) 792 4768 1112

Total no. of reflections 1652 2320 2008

Reflections, I > 2o(1) 1011 975 855

Max. 26/° 51.0 50.0 49.46

Ranges (h, k, 1) 35<h<35 -61<h <61l -16<h<16
7<k<8 9<k<9 22< k<22
-11<1<10 -29<1<29 9<1<9

Complete to 26 (%) 97.6 100.0 94.5

Refinement method

Data/ Restraints/Parameters

Goof (F%)

R indices [/ > 2a(D)]

R indices (all data)

Full-matrix least-
squares on F?

1652 /0/ 132

0.902
0.0445
0.0763

Full-matrix least-
squares on F?

2320/9/186

1.972
0.1216
0.2256

Full-matrix least-
squares on F*

2008/0/173

1.274
0.1038
0.2274
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Compound No. 6.1 6.2 6.3

Formulae C[g H]E, BrN Nag O';.' Cg.-q Hgs C1N2 Nag 012 C12 Hm BrCdN 03

Mol. wt. 412.15 612.87 408.52

Crystal system Monoclinic Monoclinic Monoclinic

Space group C2le C2/c P2,/n

Temperature /K 296 296 296

a /A 27.880(4) 22.016(4) 8.5970(4)

b /A 14.051(2) 12.316(3) 9.5708(4)

ol 9.0596(13) 10.604(2) 15.5239(6)

@/° 90.00 90.00 90.00

B/o 98.494(3) 109.15(3) 7.554(3)

y/° 90.00 90.00 90.00

v/ A 3510.0(9) 2716.2(10) 1266.22(9)

Z 8 4 4

Density/Mgm™ 1.567 1.504 2.143

Abs. Coeff. /mm” 2.422 0.240 4.878

Abs. correction Empirical None Empirical

F(000) 1680 1264 784

Total no. of reflections 3170 2377 2294

Reflections, I > 2a(l) 2377 1837 1871

Max. 26/° 50.54 50.04 50.50

Ranges (h, k, 1) 31 <h< 33 26< h< 25 -10< h< 10
-15 < k< 16 -14< k< 10 -11< k<11
-10 £1 <10 -12<1 212 -18 <1<18

Complete to 20 (%) 99.2 98.8 100.0

Data/

Restraints/Parameters

3170/31/250

2377/205/248

2294/0/ 164

Goof (F%) 1.045 1.104 1.069

R indices [ > 20(I)]  0.0832 0.0398 0.0304

R indices (all data) 0.0454 0.0525 0.03880
199
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Melting points of the compounds:

Compound Melting point (°C)
2.1 113
23 311
2.4 108
2.5 103
2.6 133
2.7 118
33 210
3.7 128
3.10 213
3.12 188
4.1 234
4.2 158
4.3 183
5.2 282
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