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Chapter 1

Introduction:

The chemistry of non-covalent interactions (supramolecular chemistry) is a highly
dynamic interdisciplinary field with imperative applications in chemistry, biology, physics and
engineering.l'2 The domain of non covalent interaction includes highly exploited Hydrogen
bonding, ionic interaction, van der waals interaction, hydrophobic interactions, m-staking, and
cation / anion—7 interactions. Usually these interactions are much weaker than the single covalent
bonds and are transient in nature. One of the important features of these non-covalent
interactions is their ability to have concurrent multiple interactions. This synergetic nature often
enables these interactions to sustain highly complex (e.g. macromolecules), stable and specific
associations. It has been found that the intermolecular non covalent interactions especially
involving aromatic rings play vital role in various biological and chemical recognition
processes.” An excellent example (Fig 1.1) of chemical recognition, involving aromatic system,
followed by shape switching has been reported by Lehn and coworkers.* The report shows the
receptor - substrate recognition and subsequent change in the shape, due to intermolecular p-

orbital overlap between two m-conjugated systems
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Figure 1.1: A) Schematic representation of the m-staking between receptor (with two parallel arms) and substrate
(fastened in between arms of the receptor). B) Crystal structure of the assembly.



Another potent interaction between cation and an aromatic system termed as cation-m
interaction has been widely studied and its nature and energetic are well investigated.”® In the
well explored field of cation-m interaction, there have been lots of reports of the interaction of
cation with m-cloud of aromatic system. This interaction plays a vital role in important biological
systems like the binding site of alkylamine dehydrogenase and acetylcholine esterase. Also the
natural K channel are well facilitated by cation-7 interaction. There have been numerous efforts
to use this interaction to make synthetic ion channel. A remarkable development reported by
Matile et.al.’ present the use of rigid arene system as a m-slide. The reported n-slide system
(figurel.2) contains a ligand binding site (EDA, iminodiacetate) and a spacer, and has been used
to make first ligand-gated, synthetic K™ channel. The rigid-rod arene system may serve as a

consecutive binding site for the cation.
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Figure 1.2: Construction of the K" selective channel through cation-r interactions.



Recently a new type of interaction, anion-m interaction has attracted considerable
attention and eventually has developed in to a new branch of supramolecular chemistry. The
sudden growth in this novel area has been driven by a number of reasons. Anions are ubiquitous
in biological system. Majority of cofactors and enzymes substrates are anionic in nature and so is
the genetic information carrier DNA (a poly anion). Further anion recognition has its application
in context of important areas like medicine, catalysis and removal of environmental

contaminants.'°

Typically, an anion-m interaction refers to a non-covalent interaction between an electron
deficient, m-acidic aromatic system and an anion. Experimentally it was observed, first, in the
solid state in CI"....s- triazine complex'' and in solution in anion- binding studies of N-confused
porphyrins'? as a secondary interaction. Subsequent studies have elegantly shown that the major
contribution in anion-w interaction comes from electrostatic and anion-induced polarization. The
electrostatic component is interrelated to the quadrupole moment (Q,,) of the electron deficient
aromatic ring. The quadrupole moment of a molecule is the measure of charge distribution
relative to a particular molecular axis."” In a way quadrupole moment refers to the electron
deficiency of the aromatic ring e.g. hexafluorobenzene due to attachment of six highly
electronegative fluorine atoms, has positive and large quadrupole moment (Qzz (C¢Fg) = + 9.50
B; 1 B (Buckingham) = 3.336 x 10™*° C m?) where as for benzene it is large and negative (Qzz
(CeHe) = 28.48 B)."”

Though due to its counter intuitive nature and synthetically challenging factors inherent
to the anions, area of anion-m interaction had till now been overlooked as compared to its more
developed counterpart cation-m interaction; There are quite of few reports investigating its
theoretical aspects as well as experimental evidences. Alkorta et. al.'* performed DFT (Density
Functional Theory) and MP2 ab initio calculations on the interactions between several electron
deficient aromatic rings, e.g., hexafluorobenzene, octafluoronaphthalene and pentafluoropyridine
and the anions F°, CI', Br’, CN" and CNO". The qualitative outcomes of these studies done in each
case have revealed a favorable non covalent interaction between the anion and the n- cloud of the
aromatic system. Further the first X-ray crystal structures with recognized and explicit anion-nt
interactions were in parallel reported in 2004 by Reedijk ez. al."” and Meyer et. al.”® Reedijk et.
al. presented a notable supramolecular system involving the dendritic octadentate ligand

N,N,N' N -tetrakis {2,4-bis(di-2-pyridylamino)-1,3,5-triazinyl}-1,4,8,11-
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tetraazacyclotetradecane (L1; figure 1.3A) coordinated to Cu(Il) chloride to afford the
tetranuclearcomplex [Cus(L1)Cl4][Cl]4(H20)5 (figure.1.3B). In this complex, 16 pyridyl rings of
L1 are coordinated to four different Cu(Il) ions, and two CI” anions are entrapped in the two
cavities formed by the pyridyl rings (shortest anion-to-centroid distance 3.012 A), as well as in

close contact to the triazine rings, thus establishing anion-m interactions (Figure.1.3B).
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Figure 1.3: (A) schematic diagram of NN’ N’’,N " -tetrakis{2,4-bis(di-2-pyridylamino)-1,3,5-triazinyl}-1,4,8,11-
tetraazacyclotetradecane(L1). (B) Crystal structure of [Cuy (L1) CI4][Cl]4(H,0);3 from to two different standpoints.
Atom colors: C= grey, H= white, N = dark blue, Cu = light blue and Cl = yellow. Figure adopted from reference 11.

Other than inorganic complexes, there are excellent examples of organic moieties which
can be used to entrap anions. Recently reported investigation by Gorteau et.al.'® presents the
synthesis and evaluation of m-acidic oligo-(p-phenylene)-N, N-naphthalenediimide (O-NDI) rods
that can transport anions across lipid bilayer membranes with an unusual halide selectivity (Cl" >

F > Br >I'). The concept is schematically depicted in the figure 1.4.
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Figure 1.4: The concept of anion-r slide. Anions are sliding through the tunnel between two m-slides.

Another important example, which provides the evidence of anion-m interaction in
solution, was reported by Kochi et. al.'’where they have examined a series of neutral organic -
acceptors (e.g. tetracyanopyrazine, tetracynobenzene etc.) with electron deficient aromatic rings
(Fig. 29a) in solution by UV/vis spectroscopy. Addition of the Solutions of the
tetraalkylammonium salts of CI, Br/I' slowly with increasing concentration induced the

appearance of new peaks which indicates the charge transfer process.






Chapter 2

Design:

In the area of supramolecular chemistry, calixarene has been sought after since long time,
particularly in context of host-guest chemistry. Features such as easy availability, unique
conformational and cavity structure, and recognition properties have made it an obligatory part
of supramolecular chemistry. One of the recent developments in this area is the use of
heteroatomic rings instead of fundamental phenol unit. This replacement has been used to tune
the cavity size and thereby to make it more efficient. Use of triazene, a benzene ring with three
nitrogen atom has gained the reputation as a good replacement for phenol rings in calixarene
assembly. Triazene has been reported as a valuable moiety in self assembly as well as in
molecular recognition. This potency of the triazene is attributed to its capabilities to act as both
hydrogen bond donors and acceptors to bind guest molecules such as carbohydrates, cyanuric
acid and uracil derivatives through multiple hydrogen bondings.'® Although triazene moiety has
been incorporated in few macrocycles molecules, the assembly of calixarene scaffolds using
triazene as the building units has not been explored to the appropriate extent especially in the
context of anion sensing. This report presents the synthesis and UV evaluation of an anion
sensor  (Figure 2.1), a novel derivative of triazene based calixarene
(tetraoxocalix[2]arene[2]triazene) with m-acidic N, N-naphthalenediimide (NDI) units linked by a

spacer.
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Figure 2.1: The schematic diagram of the synthesized structure with different units involved.

Use of NDI unit to serve as an electron deficient aromatic system has been well
supported by an earlier report'® where it has been used as building block of synthetic anion
channel and has been described as a compact, organizable, colorizable, and functionalizable
organic n-semiconductor. By high-level DFT calculations it has also been shown that the NDI
unit have a large and positive global quadrapole moment (Qzz = +19.4 B),"* which makes it
appropriate for the role of electron deficient unit in anion- m interaction.

Anion trapping can be sensed by the conformational change which occurs in the system
during its interaction with anions. The crystal structure of the triazene based similar Calixarene
have been reported by Mei-Xiang et. al. (figure 2.2)," shows that the two benzene rings are

parallel to each other.



Figure 2.2: A) The reported triazene based calixarene. B) Crystal structure of the calixarene which shows two

overlapping benzene ring with two substituted triazene ring flanking outwards.

Another report” by the same group gives evidence that the substitution in the traizene unit of the
above mentioned calixarene results in the change in the conformation of the remaining two
benzene rings. Based on these evidences, the proposed structure is expected to change the

conformation (figure 2.3).
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Figure 2.3: A) Proposed concept of the anion-w interaction where bucket represents the calixarene part where as the

NDI part is being depicted by rectangular shaped structure. B) Expected conformation after anion (black sphere)

trapping.

The conformational change upon anion binding would result in the change in charge distribution
over the different parts of the molecule which can be sensed by different spectroscopic methods
like NMR (the chemical shift of peaks i.e 9, is expected to change) and UV pattern. This report
presents the UV study of the synthesized anion sensor which shows the change in UV profile (of
appearance of a new peak) with gradual increment in the anion concentration. The change in UV

profile provides the proof of the anion-m interaction between anions and synthesized molecule.
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Chapter 3

Result and discussion:

3.1 Synthetic Schemes:

As it is mentioned in the chapter 2, synthesis of the targeted molecule (compound10) was
started with the synthesis of compound 5 according to scheme given below.A substitution
reaction was executed in the presence of base where n-butylamine and mono protected
ethylenediamine were used as nucleophiles.

0 0 0 o
HoN a) \_\;
2" NHBoc + G N o AN, NN

O 0 (o} @)

_\—NHBoc

Scheme 1: Reagents and conditions: a) TEA, THF, 40 °C, 48 h, 40%

The second step was the deprotection of the compound 5 which was done using
trifluoroacetic acid and further neutralization by 10% sodium bicarbonate solution to get
compound 6.

o o)
\—\;O ’ l \—\>N /7 N\ N_\__
N N
7 Nk \NHBoc 4 S NH,

o} o
5

Scheme 2: Reagents and conditions: a) TFA, DCM, 0 °C - rt, 2 h, 89%.

Synthesis of triazene based ring was done (Scheme 3) using resorcinol (compound 7) and
cyanuric chloride (compound 8). Addition of two equivalents of cyanuric chloride and 1
equivalent of resorcinol to a basic solution resulted in an intermediate formation. A trimer with
two cyanuric chloride units and one resorcinol unit was formed which was filtered and again
added to the basic solution simultaneously with another equivalent of resorcinol to get compound

9.
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Scheme 3: Reagents and conditions: a) DIPEA, THF, rt, 36 h, 12 %

Compound 10 was synthesized via substitution reaction. Two nucleophilic substitutions
of chloride units of compound 9 with two units of compound 6 in a basic environment produced
10.

Scheme 4: Reagents and conditions: a) DIPEA, DMF, 80 °C, 40 h, 15%

Synthesis of another derivative compound 20 of the compound 10 was executed by
taking Phloroglucinol as a precursor to synthesize compound 15 which was further used to
synthesize a derivatized form of compound 9.

OH OAc OH
Q . Q : Q
HO OH AcO OAc AcO OAc
1 12 13
OBn OBn
: Q : Q
AcO OAc HO OH
14 15
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Scheme 5: Reagents and conditions: a) (Ac),0, pyridine, rt, overnight, 82%; b) NaBH,4, CoCl,.6H,0, EtOH, 0 °C -
rt, 3 h, 80%; ¢) BnBr, K,CO;, DMF, -13 °C, 6 h,70%; d) K,CO3; MeOH, rt, 86%.

The synthesis of compound 15 could have been carried out by the mono protection of the
benzene- 1,3,5-triol but there might be a problem in purification due comparative polarities of
the other products like di-protected and tri-protected ones. To avoid this problem a relatively
long but efficient root has been followed (scheme 5). Further cyclization to get compound 9 was
carried out with cyanuric chloride according to the following scheme.

OBn
OBn Cl o o
N=( N
+ N)*N 2 c—§ N N>/— Y—cil
PPN N =
HO OH cl” N7 el @ o
15 8 16 Ogn

Scheme 6: Reagents and conditions: a) DIPEA, THF (dry), 1t, 36 h, 15%.

Finally compound 20 was synthesized by substituting two chloride units of compound 16
by two units of compound 6 in presence of DIPEA.

OBn

(@) (0]

N
X
z N=—
N

N S
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2

C'—<\ \>~CI

Q
@r - of

Scheme 7: Reagents and conditions: a) DIPEA, DMF, 80 °C, 40 h, 18%.
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3.2 Ultra Violet Spectroscopic Studies

After verification of identity and purity of 10 by NMR and MALDI, the UV study of the
compound was conducted. The UV profile of 10 was recorded at different concentrations and an
appropriate concentration (6uM) where the absorbances of the peaks were about 0.5 was
selected. Figure 6.1 represents the UV plot of the targeted NDI compound 10.

Absorbance at 6 uM
0.7 T T

0.6 |~ -

6uM |

05 - -

Absorbance

0.1 - -

0 | |
300 350 400 450 500

wavelength / nm

Figure 3.1: The absorbance vs. wavelength plot, at 6uM in 9:1 mixture of Acetonitrile / Chloroform. There are two
major peaks with higher absorption at 357 nm and 378 nm.

Molar absorptivity (¢) calculation:

Molar absorptivity (¢) or molar extinction co-efficient is the intrinsic property of the

compound, a measurement of how strongly a chemical compound absorbs light at a given
wavelength. The molar absorptivity can be calculated by using Beer’s law which establishes it’s

relation with concentration(C) and the path length (I) covered by the monochromatic light.

A=¢.C.1 (Eq. 1)
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The absorbance at various concentrations has been plotted at wavelength (L) 357 nm (plot
2) and 378 nm (plot 3) separately. As path length is constant (cuvette width) the relation yielded

a straight line with molar absorptivity as the slope.

0.5
—©— absorbance
0.4 - —
o 03 _|
o
c
©
2
o
3
c 0.2 _
y=ml+m2*MO0
Value Error
o1 L m1 0] 0.0025198 || |
' m2 46611 138.71
Chisq | 2.5397e-05 NA
R 0.99991 NA
0 & | | T T T
0 210° 410° 6 10° 8 10° 1107 1.2 10°

concentration in uM

Figure 3.2: Absorbance vs. concentration plot at L = 357 nm.
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R 0.99992 NA
0 ¢ \ \ \ \ \
0 210° 410° 6 10° 810° 1107 1.210°
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Figure 3.3: Absorbance vs. concentration plot at L = 378 nm.
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The high value of the molar absorptivity in both cases is attributed to the highly
conjugated structure of the compound. The relatively higher concentration at A = 378 nm as

compare to A= 357 is due to higher absorption at A =378nm which is apparent from the plot 1.

Low concentration study:

UV study has been used as a probe to sense the interaction between different anions and
the compound (electron deficient m system). Solution of tetrabutylammonium salts of F', Br', I
were slowly added (from 0.1 equivalent to 4 equivalent) to the 6 uM solution of the compound.

At each addition the UV absorption spectra was recorded.

fluoride
0.7 T T

—¢&— absorption
—eo—0.1eq
—=®—0.2 eq
—x—0.3eq
—v¥—04eq
05 —x—0.5eq
—4— 0.6 eq
—4— 0.7 eq
04 - —F—0.8¢eq -
—2—0.9eq
—0—1.0eq
03 - —&—20q -
—>—3.0qe
—<—4.0eq

absorption

0.1 - _

K

[

0 | |
300 350 400 450 500

wavelength in nm

Figure 3.4: Absorbance vs. Wavelength plot, at different concentration of the tetrabutylammonium Fluoride

(TBAF).

16



Bromide

0.7 ‘
—o—0 eq
0.6 — —=—0.1eq [ —
—<——0.2 eq
—><—0.3 eq
0.5 —+——0.4eq |
—24—0.5 eq
° —— 0.6 eq
S g4 - —®— 0.7 eq | _|
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2 03 |- vy 10eqy
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iodide
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Figure 3.5: Absorbance vs wavelength graph at different concentrations of TBA salts Bromide (above) Iodide
(below).
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As the plots depict for all the anions the UV plot is not showing a difference by changing
their concentrations. This implies that at these concentrations the expected anion-m interaction

between anions and the compound do not exist.

High concentration study:

Further it was planned to check the anion-m interaction at higher concentration. Salts
proportion was increased by hundred folds and UV plot was taken by keeping the compound 10
concentrations constant. The figure 6.6 presents the UV plot with Fluoride salt.

Fluoride
0.7 T

—®@— 200eq
0.6 — —m— 300eq —
—<>—400eq
—&— 500eq
0.5 —HB—600eq —|
—O—700eq
—12— 800eq

8 04 L —<—900eq _

c " -

< —x 1000eq

2 —»— 1333eq

a 03 L —w—1666eq | |

7 ——2000eq
—l4— 2666eq

0.2

0.1

wavelength / nm

Figure 3.6: Absorbance vs. wavelength plot at higher anion concentration of TBAF .table represents the equivalent
of salt with respect to compound °C.

The figure 6.6 shows that the gradual increment in the anion concentration induces a new
peak around 300 nm whereas the peak at 378 nm is gradually decreasing. This study indicates
the existence of the expected anion-m interaction between fluoride ion and the synthesized model
compound 10. The plots of consecutive studies done on bromide and iodide anions are given
below. From the plots it is evident that these anions are not interacting with the model

compound.
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Bromide
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Figure 3.7: Absorbance vs. wavelength graph of the solution containing model compound 10 and bromide salt at
different salt concentrations.
iodide
0.7 \
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0.1 _
0 | | | |

300 350 400 450 500
wavelength / nm

Figure 3.8: Absorbance vs. wavelength graph of the solution of iodide salt and compound 10 at different salt

concentrations.
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The negative UV responses by compound 10 in the bromide and iodide cases and the
positive one in the case of the fluoride gives the notion of selectivity, which is an important

quality of the anion sensors.

3.3 Future prospect:

The synthesis of the novel anion sensor and the studies done in this report gives an idea that the
NDI derivative of triazene based Calixarene can be used as a selective anion sensor. The fertile
nature of both units involved the Calixarene and the NDI part opens up new possibilities in the
contest of tuning the selectivity and its sensitivity. In this direction as an example, a new
molecule can be synthesized by removing or changing the spacer connecting these two moieties.

The scheme below presents the new molecule without spacer.

R
el o o
N=
HZN\<\ /N N>/_N>—NH2+ (@] \ / NJ_/
O. ; 0o O @)
R
R
NS ol
(@) (0] (0] O
N —\ N“(;:lj;N N>FN>—N N N
(@) @) (@) O>:N o O‘\—\
R

Scheme 8: Design of the proposed molecule

From the above mentioned molecule it is expected that this model will show greater
distortion there by more sensitivity in the presence of anions which is expected to become
apparent in the UV and other spectroscopic studies.

The other major issue with these types of macrocycles is the solubility in polar solvents.

The solubility in polar solvents like water is important for biological studies where there are lots

20



of processes like substrate recognition in enzyme substrate system and ion channels, where anion
recognition plays a major role. To increase the solubility some polar group might be attached on
various unit involved in the assembly. One step in this direction would be substitution of —-OH
group on the calixarene unit. Attachment of the hydroxyl group is expected to increase the
solubility of the molecule by increasing the chance of hydrogen bonding. This scheme (final
product is given below) also has been partly pursued and synthesis of the intermediate

(compound 16) is given in the synthesis part of the scheme.

Scheme 9: Compound, with substitutions on the benzene ring of the calixarene unit to improve its solubility.

The ease with which new derivatives can be synthesized from the model compound and
its potential applications in various fields like biology and environmental contaminant removal,

it opens up the new and promising horizon in the field of anion recognition.
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Chapter 4

Experimental Section

4.1Materials and methods:

All reactions were conducted under the nitrogen atmosphere. All the chemicals were
purchased from commercial sources and used as received unless stated otherwise. Solvents:
petroleum ether and ethyl acetate (EtOAc) were distilled prior to thin layer and column
chromatography. THF was pre-dried over Na wire. Then the solvent was refluxed over Na (1%
w/v) and benzophenone (0.2% w/v) under an inert atmosphere until the blue color of the
benzophenone ketyl radical anion persists. N,N-Dimethylformamide (DMF) was pre-dried over
calcium hydride and then distilled under vacuum. Column chromatography was performed on

Merck silica gel (100-200 mesh). TLC was carried out with E. Merck silica gel 60-F-254 plates.
4.2 Instrumentations:

The 'H and °C spectra were recorded on 400 MHz Jeol ECS-400 (or 100 MHz for '°C)
spectrometers using either residual solvent signals as an internal reference or from internal
tetramethylsilane on the & scale (CDCls 6p, 7.24 ppm, 6c 77.0 ppm). The chemical shifts (8) are
reported in ppm and coupling constants (J) in Hz. The following abbreviations are used: m
(multiplet), s (singlet), br s (broad singlet), d (doublet), t (triplet) dd (doublet of doublet). High-
resolution mass spectra were obtained from Shimadzu, GC-2010 Gas Chromatography-Mass
Spectrometer. High-resolution mass spectra were obtained from MicroMass ESI-TOF MS
spectrometer. Absorption spectra were recorded on a PerkinElmer, Lambda 45 UV-Vis
spectrophotometer. (FT-IR) spectra were obtained using NICOLET 6700 FT-IR
spectrophotometer as KBr disc and reported in cm™. Melting points were measured using a
VEEGO Melting point apparatus. All melting points were measured in open glass capillary and
values are uncorrected. Crystal structures were recorded on a Bruker single crystal X-Ray
diffractometer. Geometry optimizations were carried out at MM2 level of theory using the

program ChemBio3D Ultra 12.0.
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. 4.3 Synthetic procedures:

Compound 2.To the solution of 1(11.2 ml, 167.7 mmol) in 50 ml DCM at 0 °C, was added the
solution of (Boc),0 (6.4 ml, 28 mmol) in 400 ml of DCM for 6 hours. After addition, reaction
mixture was stirred overnight at rt. The reaction mixture was washed with water (25 ml x 3) and
brine (25 ml x 2), passed over Na,SO, and dried over vacuum. Column chromatography of
crude product (CHCl; / MeOH 93/7) yielded 2 (4.2 g, 93%) as viscous colorless liquid. TLC
(DCM / MeOH 1/5): R;0.47; 'H NMR (400 MHz, CDCl3): & ppm 7.92 (br s, 1H), 5.19 (br s,
2H), 3.11-3.05 (m, 2H), 2.72-2.68 (m, 2H), 1.34 (s, 9H); °C NMR (100 MHz, CDCl3): & ppm
156.33, 79.07, 43.26, 41.79, 28.41.

Compound 5. To the solution of 4 (32.67 mg, 0.448 mmol) in dry DMF (5 ml), 2(103 mg, 0.448
mmol), 3(100 mg, 0.373 mmol) and TEA (0.25 ml, 1.12 mmol) were added. The reaction
mixture was stirred at 40°C for 24 h. After evaporation of solvent under reduced pressure, crude
product was purified by column chromatography (EA / PE 15/85) to afford 5 (76 mg, 38%) as
pinkish solid. TLC (EA / PE 1/2): Ry 0.61; mp: 199-200 °C; IR: 3354 (m), 2968 (w), 1704 (m),
1686 (m), 1655 (s), 1578 (s), 1532 (m), 1453 (s), 1369 (w), 1348 (w), 1288(s), 1186 (m), 1165
(w), 1081 (w), 1070 (w); '"H NMR (400 MHz, CDCl5): & ppm 8.75 (s, 4H), 4.83 (s, 1H), 4.37 (4,
J =4 Hz, 2H), 4.19 (t, J =8 Hz, 2H), 3.57-3.53 (m, 2H), 1.76-1.68 (m, 2H), 1.49-1.42 (m, 2H),
1.2 (s, 9H), 0.98 (t, J =8 Hz, 3H); "*C NMR (100 MHz, CDCl3): & ppm 163.29, 162.89,
156.22, 131.14, 130.98, 40.85, 40.71, 39.25, 30.22, 28.22, 20.42, 13.89; MS (MALDI TOF,
CHCls): m/z 504.1438[ M + KJ".

Compound 6. To an ice cooled solution of 5 (400 mg, 0.860 mmol) in DCM (2 ml), TFA (1 ml
in 2 ml DCM) was added dropwise. The reaction was stirred at rt for 1hr. After completion the
reaction was taken in to the 30 ml of ethyl acetate and NaHCOj solution (10 %) was added to
make it basic (pH=8-9) which resulted in pinkish precipitate. Filtration followed by water wash
yielded pink solid 6 (280 mg, 89%).TLC (MeOH/ CHCl; 1/10): R£0.35; mp: 180-181 °C; IR:
3451 (m), 1703 (m), 1659 (s), 1578 (s), 1416 (m), 1339 (m), 1251 (s), 1210 (w), 1184 (w),
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928(w)."H NMR (400 MHz, DMSO): & ppm 8.67 (s, 4H), 7.75 (s, 2H), 4.27 (s, 2H), 4.01 (s, 2H),
3.28(s, 2H), 3.12 (s, 2H), 2.45 (s, 2H), 1.60(s, 2H), 1.33(s, 2H) 0.89-0.90 (m, 3H); *C NMR
(100 MHz, DMSO): § ppm 173.36, 170.77, 160.69, 152.02, 135.52, 128.88, 127.70, 107.40,
107.01, 70.96, 29.78 MS (MALDI TOF, CHCl3): m/z 365.1476[ M ]" .

Compound 9. To an ice-cold solution of 8 (5.55 g, 30 mmol) in 60 ml THF, a mixture of 7 (1.65
g, 15 mmol) and DIPEA (4.48 g, 37.5 mmol) in 60 ml THF was added for 2 h. The reaction
mixture was stirred for 2 h at rt followed by filtration. The filtrate and 7 (1.3 g in 120 ml THF)
were added simultaneously to solution of DIPEA for 3 h .The reaction was allowed for next 36
hr. After removal of the solvent, residue was subjected to column chromatography using 100-200
mesh silica gel with 8 % EA/ PE system to get pure 9 as white crystal. Yield: 25 %; TLC (EA/
PE 3/10): R;0.74; mp > 300 °C; IR: 1557 (s), 1440 (m), 1387 (s)."H NMR (400 MHz, DMSO):
& ppm 7.29 (t, J = 8 Hz, 2H), 6.88-6.82 (m, 4H), 6.68 (t, J/= 4 Hz ,2H); °C NMR (100 MHz,
DMSO): & ppm 174.62, 172.55, 151.67, 130.91, 119.58, 116.02; MS (MALDI TOF, CHCl3): m/z
466.1580[ M +Na]".

Compound 10. To a solution of 9 (50 mg, 0.113 mmol) in DMF (2 ml) were added compound 6
(82 mg, 0.237 mmol) and DIPEA (38pL, 0.237 mmol). Reaction Mixture was stirred at 80 °C for
25 hr, solvent was evaporated and purification was done by silica gel (100-200 mesh) column
chromatography with CHCIl; as eluent to get 10 (35 mg, 28 %) as pink solid. TLC ( MeOH/
CHCI; 1/20 ) Ry: 0.7; mp: 228-229 °C; IR: 3413 (s, br), 2363 (w), 2343 (w), 1706 (m), 1664
(m), 1578 (s), 1419 (m), 1333 (w), 1247 (w), 1174 (w); '"H NMR (400 MHz, CDCl3): § ppm 8.72
(d, j=4 Hz, 8H), 7.08 (t, J = 8 Hz, 2H), 6.68 (d, J = 8 Hz, 2H), 6.64- 6.53 (m, 4H); 6.38-6.35
(m, 2H), 4.55 (t, J = 4 Hz, 4H), 4.18 (t, J = 8 Hz, 4H), 3.96 — 3.89 (m, 2H), 1.75-1.67 (m, 4H),
1.49-1.40 (m, 4H), 0.97 (t, J = 8 Hz, 6H); MS (MALDI TOF, CHCl;): m/z 1101 [M]’,
1123.5533[ M+Na]".

Compound12. To a solution of 11 (2.56 g, 20 mmol) in 10 ml pyridine, drop wise addition of
acetic anhydride (9 ml, 100 mmol) was done at rt. After stirring for 30 h, the reaction mixture

was taken in to 30 ml of DCM and subsequently washed with water (15 ml x 3), 1IN HCI (20 ml
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x 3) and brine (20 ml x 1) respectively. Solvent was evaporated under reduced pressure to afford
pure 12 (4.3 g, 82%) as a white solid. TLC (EA / PE 1/1): R;0.62; mp: 102-103 °C; IR: 3091
(w), 1765 (s), 1601 (m), 1457 (w), 1367 (m), 1189 (s), 1123 (s), 1023 (s), 985 (w), 918(m), 842
(w), 670 (m). '"H NMR (400 MHz, CDCls): & ppm 6.82 (s, 3H), 2.26 (s, 9H); *C NMR (100
MHz, CDCly); 6 ppm 168.67, 151.16, 112.86, 21.16; MS (MALDI TOF, CHCl3): m/z 291.0241]
M+K]".

Compound 13. To a solution of 12 (1.5 g, 5.95 mmol) in distilled ethanol (50 ml) was added
CoCl,.6H,0 (14 mg, 1 mol %). The reaction mixture was stirred for 30 min and then cooled to 0
°C, NaBH, (900 mg, 23.75 mmol) was added and reaction was further stirred for next 6 h at 0 °C.
After completion of the reaction (monitored by TLC), it was diluted with 100 ml water/ ethyl
acetate (1:1) mixture. The organic layer was separated, washed with brine (2 x 20 ml), dried over
Na,SO; and concentrated under reduced pressure. Crude was purified by column
chromatography using silica gel (100-200 mesh) and MeOH / CHCls (1/ 50) as eluent to get pure
13 (900mg, 72%). TLC (CHCI; / MeOH 10/1): Rf 0.48; mp: 110-111 °C; IR: 3359 (s), 2361
(W), 1752 (s), 1727 (s), 1467 (m), 1439 (s), 1376 (m), 1239 (m), 1215 (s), 1144 (m), 1118 (m),
1029 (w), 920 (w), 894 (m); 'H NMR (400 MHz,CDCl;):8 ppm 6.24 (s, 3H), 5.14 (d, J = 2.37
Hz, 1H), 0.99 (s, 6H); °C NMR (100 MHz, CDCl3); & ppm 192.70, 177.18, 170.02, 114.74,
114.51, 76.60; MS (MALDI TOF, CHCls): m/z 249.0002 [M + K] .

Compound 14. A solution of 13 (100mg, 0.5mmol) was prepared in 3ml dry DMF and cooled
to -13 °C. Addition of K,CO5 (140 mg, 1 mmol) and Benzyl bromide (67 pL) was done in order,
and reaction was stirred for 6 h at the same temp. After completion, the reaction was taken in to
chloroform (50 ml), washed with water (2x 20 ml) and brine (2x15 ml), dried over Na,SO, and
concentrated under reduced pressure. Column purification of the residue using silica gel (100-
200 mesh) with EA/ PE (8 %) yielded white solid 14 (100 mg, 70%).TLC ( EA/ PE 30/ 100): Ry
0.51; mp: 102-103 °C; IR v 3435 (w), 2933 (w), 1774 ('s), 1607 (s), 1461 (m), 1375 (m), 1197
(s), 1139 (s), 1030 (m), 897 (w); '"H NMR (400 MHz, CDCls): & ppm 7.39-7.37 (m, 6H), 6.61 (d,
J = 2.39 Hz, 2H), 6.52 (t, J = 2.34 Hz, 1H), 4.99 (s, 2H), 2.25 (s, 6H); °C NMR (100 MHz,
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CDCly):. & ppm 168.90, 159.82, 136.08, 128.6, 128.16, 127.54, 108.06, 106.11, 70.38, 21.09;
MS (MALDI TOF, CHCls): m/z 291.3321[M + K] .

Compound 15. To a solution of 14 (100 mg, 0.33 mmol) in MeOH (10 ml), K,CO3 (250 mg)
was added and reaction was stirred at rt for 2h. After completion solvent was evaporated and
residue was purified by column chromatography using silica gel (100- 200 mesh) with 3%
MeOH/ CHCI; as an eluent to get golden colored solid 15 ( 62 mg, 86%).TLC (10 % MeOH/
CHCl3): Ry 0.55; mp: 90-91 °C; IR v 3345 (s, b), 3034 (w), 1621 (s), 1499 (s), 1485 (s), 1454
(m), 1385 (m), 1365 (m), 1159 (s), 1052 (m), 968 (m), 818 (s); 'H NMR (400 MHz, CD3): & ppm
7.32-7.36 (m, 5H), 5.92 (d, J = 4.00 Hz, 2H), 5.86 (t, J = 4.00 Hz, 1H), 4.94 (s, 2H); °C NMR
(100 MHz, CDs0D): 6 ppm 161.01, 157.46, 136.74, 128.70, 128.13, 127.56, 95.98, 95.33, 70.14;
MS (MALDI TOF, CHCl;): m/z 255.0182[M + K] .

Compound 16. To an ice cooled solution of 8 (1.425 g, 7.7 mmol) in 30 ml of THF (dry), the
solution of 15 (830 mg, 3.25 mmol) and DIPEA(1.5 ml) in 30 ml of THF was added drop wise
for 2 h. After stirring for next 2.5 h reaction mixture was filtered. Filtrate and another solution of
15 (670 mg, 2.63 mmol) in THF (60 ml) were dropwise and simultaneously added to the solution
of DIPEA (0.9 ml) for 3 h. Reaction was further stirred at rt for 36 h. After completion the
reaction was concentrated under reduced pressure and crude was purified by silica gel (100-200
mesh) column chromatography using EA / PE (7%) as an eluent to get white solid 16 (500 mg,
11 %). TLC (20 % EA / PE ): R;0.68; mp: 142-143 °C; IR v 2924 (s), 2853 (m), 1629 (s), 1576
(s), 1555 (s), 1459 (s), 1404 (s), 1299 (s), 1256 (s), 1121 (s), 1021 (s); 'H NMR (400 MHz,
CD3): 6 ppm 7.41-7.34 (m, 10 H), 6.79-6.78 (d, J = 4.00 Hz, 2H), 6.68 (t, J = 4.00 Hz, 1H), 5.05
(s, 4H); °C NMR (100 MHz, CD;0D): & ppm 173.36, 170.77, 160.69, 152.02, 135.52, 128.88,
127.70, 107.40, 107.00, 70.96, 29.78; MS (MALDI TOF, CHCl;): m/z 685.0032[M + K] "
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4.4 spectral Data:
"H NMR of compound 2
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"H NMR of compound 5
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"H NMR of compound 6
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"H NMR of compound 9
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"H NMR of compound 10
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MALDI Spectra of compound 10. (Mol.Wt. 1101)
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"H NMR of compound 12
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"H NMR of compound 13
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"H NMR of compound 14
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"H NMR of compound 15
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"H NMR of compound 16
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Chapter 5
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