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Abstract

Carbonic anhydrase (CA) IX is an isoform of zinc metalloenzyme CA. It
catalyzes the interconversion of carbon dioxide into proton and bicarbonate.
CA IX is overexpressed in hypoxic environment due to rapidly proliferating
cells. Therefore, it may be considered as a potent biomarker for the
detection of various cancers including the brain. In this work, we have
synthesized a small molecule ligand attached to a Rhodamine B conjugate
as the detection tool. It will also be attached to super paramagnetic iron
oxide nanoparticles (SPIONSs) for the treatment of oligodendrogliomas using
the principle of hyperthermia.

The synthesized bioconjugate consists of three components: a) a small
molecule inhibitor specific to the protein of interest (CA 1X) b) a peptidic
spacer to enhance the distance between targeting ligand and the fluorophore
so as to not compromise on the specific binding affinity of the sulfonamide
derivative as well as increase the hydrophilicity of the conjugate and c) a

fluorophore (Rhodamine B) and a radioisotope chelator for the detection.
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1.1.

Chapter 1

Introduction

General Introduction

Oligodendrogliomas are a type of glioma that is believed to have
originated from glial precursor cells or oligodendrocytes of the
brain. Oligodendrogliomas account for 5-18% and in some cases
even 25-33% of all intracranial gliomas.' Oligodendrogliomas
are known to affect mainly adults in the frontal and temporal lobe
of the cerebellum."? In different cellular compartments,
antioxidant enzymes (AOEs) like superoxide dismutases (SODs),
glutathione associated enzymes, peroxiredoxins, catalases and
thioredoxin-thioredoxin reductase systems are situated. Majority
of oligodendrogliomas express AOEs, especially thioredoxin
reductase (TrxR) and manganese superoxide dismutase (MnSOD).*
Increased TrxR was associated with aggressive tumours and
carbonic anhydrase 1X enzyme (CA 1X) was found to be expressed
more often in MnSOD-positive tumors.®

Carbonic anhydrases (CA) are zinc-containing metalloenzymes
known to catalyze reversible hydration of carbon dioxide.® There
are 12 catalytic isoforms of human CA, out of which CA IX is
particularly important as it is rarely found in normal healthy
tissues, but is expressed abundantly in several tumors, such as
bladder, colorectal, lung, breast, and cervical carcinomas.”® CA
IX is upregulated under hypoxic condition. The enzyme is
transcriptionally activated through the HIF-1 transcription factor
and builds up in malignant cells.® Swiftly growing, inadequately
organized and improperly proliferated cancer cells develop a
deficiency of oxygen (usually less than 1% of total oxygen
content) owing to the sudden change in their metabolism.'® This

change in metabolic activity along with the rapid multiplication of
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cells decreases the external pH of the cells making the
microenvironment of these carcinogenic cells acidic owing to
build- up of lactic acid.!!! The phenomenon competes with the
formation of normal cells, and stimulates the growth of malignant
cells. Thus, CA IX has proven to be a potent biomarker in
oligodendroglial brain tumors.® Thus it can be considered as a
promising therapeutic target for brain tumours.

Our group has been working on various techniques on targeted
drug delivery for detection and treatment of varied cancers'?>™' as
well as inflammatory diseases'®'® by utilizing small molecule
targeting ligands. Several of these methods have been patented by
the US and are currently in different stages of preclinical and
clinical trials.!*2!

Iron oxide nanoparticles can be inductively heated in the presence
of a magnetic field. Hence, they are referred to as Super
Paramagnetic Iron Oxide Nanoparticles (SPION). The cytotoxic
effect of SPIONs due to hyperthermia induced by external
magnetic field on solid tumors has been studied.?? Results from
experimental studies indicate that hyperthermia is both an ideal
complement to, as well as a strong sensitizer of radio and cytotoxic

therapies.?3

Aim of the project

The aim of this project is to prepare a fluorescent imaging agent as
well as a radioimaging tool for the detection of
oligodendrogliomas over-expressing CA X receptor and then
develop a subsequent CA IX targeted theragnostic tool conjugated
with iron oxide (FesOa4) nanoparticles®* followed by delivery to the
active site of CA IX enzyme which is overexpressed in
oligodendrogliomas for treatment using the principle of

hyperthermia. The proposed bioconjugate comprises four parts i) a



CA IX targeted small molecule ligand ii) a hydrophilic spacer to
increase the hydrophilicity of the conjugate as well as not decrease
the specific binding affinity of the targeting ligand to the protein
by increasing the distance between the small molecule ligand and
the bioconjugate iii) fluorescent as well as a radioimaging agents
that can acts as a diagnostic tool for early detection of
oligodendrogliomas and iv) functionalized releasable nanoparticles
that can act as therapeutic aid for hyperthermia strategy.



Chapter 2

Literature

Malignant cell environment is vastly different than normal cells, which is
a key aspect for targeted therapy. Tumor growth comprises multifaceted
interactions between the cells and their exclusive microenvironment
which are characterized by acidic conditions and low pH.% The hypoxia-
inducible enzyme CA X which is one of the twelve isoforms of CA has
been discussed as a biomarker and a potent therapeutic target in malignant
gliomas.?® The major class of CA inhibitors is aromatic and heterocyclic
compounds possessing a primary sulfonamide group.?’” Benzene
sulfonamides are the most abundantly available CA ligands. The aryl
sulfonamide group interacts with zinc centre at the active site of CA IX by
electron donor acceptor interactions. It has been found that a neutral pH
(7.4) is ideal for maximum binding affinity of the ligand. Non-substituted
benzenesulfonamide has a pKa of 10.1.28 Therefore, fluorinated benzene
sulfonamides were considered which lower the pKa of the targeted ligand
and increase lipophilicity.?® Several research groups have worked on
developing various derivatives of non-fluorinated and polyfluorinated
benzenesulfonamides and analyzed their properties of inhibition with
various isoforms of CA.3%3! The human CA 1X has a deeper hydrophobic
pocket in its active site than the other isoforms. Hence, introduction of a
bulky cyclooctyl or cyclododecyl groups to the targeting ligand enhances
affinity and selectivity towards CA IX.%

The first report of using a bivalent disulfide-linked CA 1X small molecule
ligand with the payload containing a very effective cytotoxic maytansinoid
DM1 as to treat CA IX positive renal cell carcinoma has been reported by
Krall et.al. The study showed complete tumor regression in a xenograft
mouse model.>*32 Additionally, a CA 1X targeted small molecule
tubulysin B drug conjugate for treatment of tumors expressing CA 1X has

been developed by , Low et al.3®* As CA IX is a cell surface antigen, there
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has also been a report of CA IX-directed antibody conjugated
immunoliposomes for targeted delivery of docetaxel to treat human lung
cancer.® In another study, Cazzamalli et al. have designed four small
molecule drug conjugates in which CA ligand, acetazolamide moiety, was
coupled to an anticancer drug, monomethyl auristatin E, using a cleavable
linker via different dipeptide aminoacid residues.®® Low et al. have
designed and delivered several bivalent small molecule drug conjugates to
tumors overexpressing CA 1X receptors for scintigraphy using a ®™Tc-
binding moiety and therapy using cytotoxic tubulysin B drug through a
hydrophilic PEG linker. The cytotoxic conjugate suppressed tumour
growth in a mouse model with HT-29 xenografts.*

Other drug delivery strategies have also been explored involving surface
modification of gold and silica nanoparticles by mounting CA ligands thus

making them specific towards CA 1X.37-3°



Experimental Section

3.1. Materials and methods

All solvents or reagents used were supplied by Sigma Aldrich , Merck,
Fisher chemicals and TCI Chemicals. H-Cys(Trt)-2-chlorotrityl resin and
1,2-Diaminoethane trityl resin was supplied by Iris biotech. Every reaction
was done in clean, dry glassware with magnetic stirring. Thin layer
chromatography was used to monitor reactions with the help of silica gel
60 F254 TLC glass plates provided by Merck. Glass syringes were used to
transfer moisture and air sensitive reagents. Ethanol was distilled using
Mg turnings under nitrogen atmosphere. Rotary Evaporator was used to
evaporate volatile solvents under reduced pressure 40 °C. H, 1°F and °C
NMR spectra were recorded using Bruker AV 400MHz NMR
spectrometer with TMS as an internal reference. The NMR solvents used
were DMSO-ds and CDCls. The chemical shifts have been reported in
delta (o) units and expressed in ppm downfield from TMS. Mass spectra
was recorded on a Brukermicro TOF-Q Il spectrometer in positive mode
electrospray ionization methods. The small molecule targeting ligand was
purified using Bichi reveleris prep instrument with RP-PFP column
(XSelect CSH Prep Fluorophenyl 5 um OBD) at a flow rate of 10 mL
min! with solvent A and B (A = MilliQ water with 0.1% TFA, B = ACN
with 0.1% TFA)



3.2. Synthesis of pentafluorobenzenesulfonamide (2)

SO:NH, Pentafluorobenzenesulfonyl chloride (1.00 g, 4.00 mmol)
was dissolved using anhydrous THF (120 mL) in a 250 mL
R,B flask at —10 °C followed by dropwise addition of 30%
2 ag. ammonia (2.40 mL, 32.00 mmol) under constant stirring.
Monitoring of the reaction progress was done using TLC. On completion
of 40 mins, reduced pressure was used to evaporate the solvent.The
purification of crude product was done using column chromatography
with a silica gel column (230—400 mesh) using 2:3 solution of 15:8.5 ethyl
acetate in hexane to obtain pentafluorobenzenesulfonamide 2 (0.78 g,
84%) as a white coloured solid. m.p. 154-156 °C. TLC: R¢=0.5 (2.5:7.5
EtOAc/hexane). IR: 3664, 3350 (N-H), 1492 (C=C), 1355 (S=0) cm*. H
NMR (400 MHz, DMSO-ds): J 8.46 (s, 2H). *C NMR (100 MHz,
DMSO-ds): § 145.0 (d, (*°F-13C) J = 49.15 Hz), 142.4 (d, (*F-13C) J =
56.49 Hz), 139.1 (t, (*°F-'3C) J = 34.48 Hz), 119.3 (t, (**F-13C) J =34.48
Hz) ppm. *F NMR (400 MHz, DMSO-ds): 6 —139.0 (d, J = 21.90 Hz,
2F), —148.9 (t, J = 44.80 Hz, 1F), —160.5 (t, J = 42.23 Hz, 2F). MS (ESI)
m/z [M+H]" calcd. for CeH2FsNO-S calculated 247.9811, found 247.014.

3.3. Synthesis of 3-((2,3,5,6-tetrafluoro-4-
sulfamoylphenyl)thio)propanoic acid (4)

SONH, Pentafluorobenzenesulphonamide 2 (0.50 g, 2 mmol) was

dissolved in 1 mL DMSO in a 5 mL R.B flask and
SwzozH constantly stirred at R.T. 3-Mercaptopropanoic acid 3
4 (0.19 mL, 2.2 mmol) and triethylamine as base (0.28 mL,
2.02 mmol) was subsequently added to the reaction mixture at R.T. The
R.B containing reaction mixture was then heated at 70 °C for 16 h. The
reaction progress was monitored using TLC. Monitoring of the reaction
progress was done using TLC. 20 mL of H>O was added to the reaction
mixture and 10 mL of EtOAc was used thrice to extract the crude product.

It was dried using Na,SOs4. The purification of crude product was done
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using column chromatography with a silica gel column (230-400 mesh)
using 2:3 solution of ethyl acetate in hexane to get 4 (0.50 g, 75%) as light
yellow solid. m.p. 168-169 °C. TLC: Rf=0.35 (1:1 EtOAc/hexane). IR:
3406 (—NH), 3254 (-OH), 1701 (C=0), 1468 (C=C), 1364 (S=0)
cmt. IH NMR (400 MHz, DMSO-dg): § 12.43 (s, 1H), 8.43 (s, 2H),
3.22 (t, J = 13.55 Hz, 2H), 2.60 (t, J = 13.55 Hz, 2H). 3C NMR (100
MHz, DMSO-ds): 6 172.85, 145.84 (d, (**F-*C) J =19.81 Hz), 141.70
(d, (*°F-13C) J=20.54 Hz), 123.22 (t, (*°F-13C) J = 30.81 Hz), 118.61(t,
(*F-13C) J = 41.81 Hz), 35.14, 29.86, ppm. °F NMR (100 MHz,
DMSO-ds): 6 —139.18 (d, J = 13.62 Hz, 2F), -132.91 (d, J = 13.62
Hz, 2F) ppm. MS (ESI) m/z [M+Na]" calcd. for CoH7F4NO4S> 355.9650,
found 355.9700.

3.4. Synthesis of 3-((3-(cyclooctylamine)-2,5,6-trifluoro-4-sulfamoyl
phenyl)thio) propanoic acid (6)

3-((2,3,5,6-tetrafluoro-4-sulfamoylphenyl)thio)
so,NH,  Propanoic acid 3 (0.5 g, 1.50 mmol) was dissolved with

AN 1 mL of DMSO in a 5 mL R.B flask under constant

F F stirring at R.T. Triethylamine (0.41 mL, 3 mmol)
S+ COH _

2 followed by cyclooctylamine 5 (0.40 mL, 3 mmol) were

added dropwise under constant stirring. The R.B
containing reaction mixture was then heated at 60 °C for 24 h. Monitoring
of the reaction progress was done using TLC. 20 mL of H20 was added to
the reaction mixture and 10 mL of EtOAc was used thrice to extract the
crude product. It was dried using Na>SOs. The purification of crude
product was done using column chromatography with a silica gel column
(230-400 mesh) using 2:3 solution of ethyl acetate in hexane to obtain
ligand 6 (200 mg, 30%) as brown oily liquid. TLC: Rf=0.56. IR: 3384 (-
NH), 2929 (—-OH), 1708 (C=0), 1460 (C=C), 1355 (S=0) cm*. H
NMR (400 MHz, DMSO-dg): ¢ 12.48 (brs, 1H), 8.30 (s, 2H), 6.51 (brs,
1H), 3.32 (t, J = 13.30 Hz, 2H), 2.71-2.65 (m, 2H), 1.99(t, J = 21.58 Hz,

8



2H), 1.82-1.66 (m, 12H) ppm. *C NMR (100 MHz, DMSO-de): § 172.83,
146.14 (d, (*°*F-13C) J = 16.14 Hz), 143.10 (ddd, (**F-13C) 1J = 4.68 Hz, 2J
=19.81 Hz, 3J = 3.6 Hz), 140.58 (dd, (**F-'*C) J = 19.81 Hz, 2] = 4.40
Hz), 132.38 (d, (**F-3C) J =13.30 Hz), 119.84 (dd, (**F-C) 1J = 16.87
Hz, 2 =5.13 Hz), 11.46 (t, (**F-13C) J = 43.28 Hz), 55.81 (d, J = 11.00
Hz), 35.04, 32.64, 2.38, 25.59, 23.44 ppm. *F NMR (400 MHz, DMSO-
de): 0 —120.55 (d, J = 12.26 Hz, 7.48 Hz, 1F), —13.16 (dd, *J = 12.26 Hz,
2] = 12.26 Hz 1F), —144.06 (d, J = 2.25 Hz, 1F) ppm. MS (ESI) m/z
[M+H]" calcd. for C17H23F3N204S; 441.1130, found 441.1190.

3.5. Synthesis of CA IX targeted Rhodamine B fluorescent probe (12)
chie 1,2-Diaminotrityl resin
[ \\ O (100 mg, 0.105g/mol)
° 0P H was swelled using 5
O mL DCM for thirty
HzNwN)jHThN o/;y T(V ﬁ minutes by constant
SO:NHz - passage  of  nitrogen
through the resin beads
inside the 15 mL peptide vessel which had been connected to a 500 mL
brukner flask. A vaccum pump was used for drainage of DCM after thirty
minutes and the beads was swelled again using 5 mL DMF for thirty
minutes by constant passage of nitrogen. A solution containing Fmoc-
Asp(O'Bu)-OH (108.00 mg, 0.26 mmol), HATU (100.00 mg, 0.26 mmol)
and the base DIPEA (0.18 mL, 1.05 mmol) was made in 1 mL DMF and
were added dropwise inside the peptide vessel having the resin. This
coupling reaction was allowed to continue for 6 h with constant bubbling
of nitrogen gas followed by washing of the resin beads with 3 mL of DMF
thrice and then with 3 mL of isopropanol thrice. Reduced pressure was
used for five minutes to dry the beads. Kaiser test was performed to
confirm complete coupling. The Kaiser test reagents are as follows:
i) A solution of 100 mg ninhydrin in 2 mL of ethanol
ii)A solution of 80 g phenol in 20 mL ethanol

9



iii) A solution of 2 mL of a 0.001 M solution of KCN to 100 mL with
pyridine

For deprotection of F-moc group a solution of 4 mL freshly prepared 20%
piperidine in DMF was added inside the peptide vessel and nitrogen gas
was bubbled through it for ten minutes. A vaccum pump was used to drain
the reagent. The step for deprotection had to be repeated two times using 3
mL of the same deprotecting solution to guarantee complete deprotection
of the Fmoc group. Next, 3 mL of DMF was used thrice as well as 3 mL
of isopropanol was used thrice to wash the resin beads. Kaiser test was
performed to confirm complete deprotection. Similarly, Fmoc-Lys(tfa)-
OH (121.90 mg, 0.26 mmol), Fmoc-NH-PEG,-COOH (104.90 mg, 0.26
mmol) and targeting ligand 6 (92.50 mg, 0.21 mmol) was coupled to the
dipeptide. Lastly, the TFA-protected amine group of lysine was cleaved
using a solution of 2M aqueous piperidine at R.T. for a duration of 12 h.
Kaiser test. Was performed to confirm deprotection. Rhodamine B (125.80
mg, 0.26 mmol), HATU (100.00 mg, 0.26 mmol) and the base DIPEA
(0.18 mL, 1.05 mmol) was dissolved in 1 mL DMF and were added
dropwise inside the peptide vessel. This reaction was done at room
temperature for 6 h. Kaiser test was used to confirm complete coupling. A
cocktail solution containing TFA/H.O/TIS having a ratio of (95:2.5:2.5)
had been prepared freshly and 5 mL of the solution was added to the
peptide vessel. Nitrogen gas was bubbled through it for forty minutes. A
round bottom flask of 25 mL was used to collect the solution containing
the bioconjugate. The same reaction for clevage was done two more times
by adding the cocktail solution of 2.5 mL for five minutes each for
complete cleavage of bioconjugate from the resin beads. Reduced pressure
was used to evaporate the cocktail solution. The gummy and concentrated
compound was precipitated using 5 mL of icecold ether in a 15 mL
centrifuge tube in an ice bath. The oily crude compound was washed using
3 mL of ice-cold ether for removing residual TFA and ethanedithiol.

Reduced pressure was used to evaporate diethyl ether with rotatory
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evaporator. MS (ESI) m/z [M+H]* calcd. for CesHgoFsN10O12S2
1310.6100, found 1311.7451.

3.6. Synthesis of CA IX targeted Rhodamine B fluorescent probe (15)

é?,/ 1,2-Diaminotrityl resin

®

B 100 mg, 0.105g/mol
O (100 mg glmol)
0 was swelled using 5

NN

oy 9 H F -
HzN\/\H)ﬁ/NTﬁHk(/\O/)“\/NT(\/S NH minutes by constant
° F SO,NH,
15 F

o NH
\ Q mL DCM for thirty

Ho,c” passage of nitrogen
through the resin beads

inside the 15 mL peptide vessel which had been connected to a 500 mL
brukner flask. A vaccum pump was used for drainage of DCM after thirty
minutes and the beads was swelled again using 5 mL DMF for thirty
minutes by constant passage of nitrogen. A solution containing Fmoc-
Asp(O'Bu)-OH (108.00 mg, 0.26 mmol), HATU (100.00 mg, 0.26 mmol)
and the base DIPEA (0.18 mL, 1.05 mmol) was made in 1 mL DMF and
were added dropwise inside the peptide vessel having the resin. This
coupling reaction was allowed to continue for 6 h with constant bubbling
of nitrogen gas followed by washing of the resin beads with 3 mL of DMF
thrice and then with 3 mL of isopropanol thrice. Reduced pressure was
used for five minutes to dry the beads. Kaiser test was performed to
confirm complete coupling. For deprotection of F-moc group a solution of
4 mL freshly prepared 20% piperidine in DMF was added inside the
peptide vessel and nitrogen gas was bubbled through it for ten minutes. A
vaccum pump was used to drain the reagent. The step for deprotection had
to be repeated two times using 3 mL of the same deprotecting solution to
guarantee complete deprotection of the Fmoc group. Next, 3 mL of DMF
was used thrice as well as 3 mL of isopropanol was used thrice to wash the
resin beads. Kaiser test was performed to confirm complete deprotection.
Similarly, Fmoc-Lys(tfa)-OH (121.90 mg, 0.26 mmol), Fmoc-NH-PEG:-

11



COOH (139.50 mg, 0.26 mmol) and targeting ligand 6 (92.50 mg, 0.21
mmol) was coupled to the dipeptide. Lastly, the TFA-protected amine
group of lysine was cleaved using a solution of 2M aqueous piperidine at
R.T. for a duration of 12 h. Kaiser test. Was performed to confirm
deprotection. Rhodamine B (125.80 mg, 0.26 mmol), HATU (100.00 mg,
0.26 mmol) and the base DIPEA (0.18 mL, 1.05 mmol) was dissolved in 1
mL DMF and were added dropwise inside the peptide vessel. This reaction
was done at room temperature for 6 h. Kaiser test was used to confirm
complete coupling. A cocktail solution containing TFA/H2O/TIS having a
ratio of (95:2.5:2.5) had been prepared freshly and 5 mL of the solution
was added to the peptide vessel. Nitrogen gas was bubbled through it for
forty minutes. A round bottom flask of 25 mL was used to collect the
solution containing the bioconjugate. The same reaction for clevage was
done two more times by adding the cocktail solution of 2.5 mL for five
minutes each for complete cleavage of bioconjugate from the resin beads.
Reduced pressure was used to evaporate the cocktail solution. The gummy
and concentrated compound was precipitated using 5 mL of ice cold ether
in a 15 mL centrifuge tube in an ice bath. The oily crude compound was
washed using 3 mL of ice-cold ether for removing residual TFA and
ethanedithiol. Reduced pressure was used to evaporate diethyl ether with

rotatory evaporator.

3.7. Synthesis of CA IX targeted fluorescent and radioimaging probe
(22).

| H-Cys(Trt)-2-
re NC chlorotrityl resin
HO.C N (100 mg, 0.64
HOO OH H L\\ g/mol) was swelled

SONH2  for thirty minutes by

(6] N
>~ 0 F
SHHzNLH ,V'f\HMOWH s NH using 5 mL DCM
3 A
22
constant passage of nitrogen through the resin beads inside the 15 mL
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peptide vessel which had been connected to a 500 mL brukner flask. A
vaccum pump was used for drainage of DCM after thirty minutes and the
beads was swelled again using 5 mL DMF for thirty minutes by constant
passage of nitrogen. A solution containing Fmoc-Asp(O'Bu)-OH (97.20
mg, 0.23 mmol), HATU (90.00 mg, 0.23 mmol) and the base DIPEA (0.16
mL, 0.94 mmol) was made in 1 mL DMF and were added dropwise
inside the peptide vessel having the resin. This coupling reaction was
allowed to continue for 6 h with constant bubbling of nitrogen gas
followed by washing of the resin beads with 3 mL of DMF thrice and then
with 3 mL of isopropanol thrice. Reduced pressure was used for five
minutes to dry the beads. Kaiser test was performed to confirm complete
coupling. For deprotection of F-moc group a solution of 4 mL freshly
prepared 20% piperidine in DMF was added inside the peptide vessel and
nitrogen gas was bubbled through it for ten minutes. A vaccum pump was
used to drain the reagent. The step for deprotection had to be repeated two
times using 3 mL of the same deprotecting solution to guarantee complete
deprotection of the Fmoc group. Next, 3 mL of DMF was used thrice as
well as 3 mL of isopropanol was used thrice to wash the resin beads.
Kaiser test was performed to confirm complete deprotection. A solution
containing Boc-Dap(Fmoc)-OH (100.80 mg, 0.23 mmol), HATU (100.00
mg, 0.26 mmol) and the base DIPEA (0.18 mL, 1.05 mmol) was made in
1 mL DMF and were added dropwise inside the peptide vessel having the
resin using Pasteur pipette and nitrogen gas was constantly bubbled for 6
h., 3 mL of DMF was used thrice as well as 3 mL of isopropanol was
used thrice to wash the resin beads. Kaiser test was used to confirm
complete coupling. Reduced pressure was used to dry the resin beads for 5
min. Similarly, Fmoc-Lys(tfa)-OH (109.0 mg, 0.23 mmol), Fmoc-NH-
PEG2-COOH (75.50 mg, 0.18 mmol) and targeting ligand 6 (83.2 mg,
0.21 mmol) was coupled to the tripeptide. Lastly, the TFA-protected
amine group of lysine was cleaved using a solution of 2M aqueous

piperidine at R.T. for a duration of 12 h. Kaiser test. Was performed to
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confirm deprotection. Rhodamine B (125.80 mg, 0.26 mmol), HATU
(90.00 mg, 0.23 mmol) and the base DIPEA (0.16 mL, 0.94 mmol) was
dissolved in 1 mL DMF and were added dropwise inside the peptide
vessel. This reaction was done at room temperature for 6 h. Kaiser test
was used to confirm complete coupling. A cocktail solution containing
TFA/EDT/TIS/H20 having a ratio of (92.5:2.5:2.5:2.5) had been prepared
freshly and 5 mL of the solution was added to the peptide vessel. Nitrogen
gas was bubbled through it for forty minutes. A round bottom flask of 25
mL was used to collect the solution containing the bioconjugate. The same
reaction for clevage was done two more times by adding the cocktail
solution of 2.5 mL for five minutes each for complete cleavage of
bioconjugate from the resin beads. Reduced pressure was used to
evaporate the cocktail solution. The gummy and concentrated compound
was precipitated using 5 mL of ice cold ether in a 15 mL centrifuge tube in
an ice bath. The oily crude compound was washed using 3 mL of ice-cold
ether for removing residual TFA and ethanedithiol. Reduced pressure was

used to evaporate diethyl ether with rotatory evaporator.
3.8. Synthesis of 3-(2-pyridinyldithio)propanoic acid (26)

| j P N 2-Aldrithiol (0.5 g, 2.27 mmol) was dissolved using
NS \/T)f 10 mL of dry ethanol in a 25 mL R.B flask under
% constant stirring at R.T. 3-mercaptopropanoic acid

(0.40 mL, 4.52 mmol) was dissolved in 2 mL anhydrous ethanol and
added dropwise to the reaction mixture under stirring condition following
the addition of acetic acid (50 pL, 3.48 mmol). The reaction was allowed
to continue for 24 h. TLC was used for monitoring reaction progress. After
completion, reduced pressure was used to evaporate ethanol to give
yellowish solid. It was dried using vaccum pump for two hours to remove
acetic acid traces. Purification of the crude product was done using
column chromatography with neutral alumina column using a 2:3 mixture

of ethyl acetate in hexane to elute 3-(2-pyridinyldithio)propanoic acid 26
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in 60% vyield as a yellow solid. *H NMR (400 MHz, CDCls): ¢ 14.04 (s,
1H), 7.55-7.49 (m, 4H), 7.34 (t, J = 15.56, 2H), 6.73 (t, J = 12.80, 2H)
ppm. ¥C NMR (100 MHz, CDCls): 6 176.68, 138.01, 136.88, 133.83,
114.10, 60.42, 29.67 ppm.

3.9. Synthesis of Iron oxide nanoparticles (23)

?H oy  Ferric chloride hexahydrate (232 mg, 1.44 mmol) and
HO S

HOOH ferrous sulfate heptahydrate (200 mg ,0.72 mmol) were

HO (3) ., OH dissolved in 20 mL of deoxygenated water and sonicated
23 for thirty minutes. This mixture was then added dropwise

to a 2M solution of NaOH under constant stirring. The reaction mixture
was then refluxed for 8 h at 80 °C. It was the cooled to R.T. and the dark
brown magnetic precipitate was washed with 10 mL of distilled water for
five times and then with 10 mL of ethanol twice following decantation in

the presence of a magnet. The nanoparticles were dried on a petri dish.

3.10. Synthesis of APTES (3-aminopropyltriethoxysilane)
functionalized iron oxide nanoparticles
] ?HSYOH The SPIONSs (300 mg) were suspended in dry
HzN\/\/SiQOH et-hanol (109 n-1L) in a 250 mL R.B. fl-ask with
o §,0H vigorous stirring at R.T. for 20 min under
24 nitrogen atmosphere and sonicated for one
hour with the help of a sonicator. To the SPION suspension, 3-
Aminopropyltriethoxysilane was added in a dropwise manner at R.T.
under constant stirring under nitrogen atmosphere. It was allowed to reflux
for 24 h under nitrogen atmosphere and constant stirring. After completion
of the reaction ethanol was decanted after cooling the reaction kixture to
R.T. The functionalised nanoparticles were then washed using 5mL of
ethanol for five times and filtered using decantation in the presence of a
magnet. The precipitate of Fe,Os nanoparticles functionalised  with
APTES 24 was dried in the oven for 24 h at 50 °C.
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Chapter 4

Results and Discussion

4.1 Synthesis of small molecule ligand targeting CA 1X

The CA IX targeted ligand was synthesized in three steps starting with
pentafluorobenzenesulfonyl chloride 1. 1 undergoes a Sn2 substitution
with aqueous ammonia to give pentafluorobenzenesulfonamide 2 in good
yield 84% (Scheme 1).

SO,CI SO,NH,
F F F F
Aqg. NH5, THF
F F -10 °C, 30 min F F
£ 84 % E
1 2

Scheme 1. Synthesis of pentafluorobenzenesulfonamide 2

Pentafluorobenzenesulfonamide 2 undergoes addition elimination reaction
at the para position to form para-substituted benzenesulfonamide. In the
reaction, 2 was dissolved in DMSO and reacted with mercaptopropionic
acid 3 (1.1 equiv.) acting as the neucleophile, EtsN (1.0 equiv.) acting as
the base as given in the optimization table below. In 2, the most probable
position for attack by neucleophile mercaptopropionic acid is para
because the sulfonamide group is ortho para directing but due to the
presence of steric effect at ortho position, the substitution occurs at the
para position giving 75% yield of 4. The optimization table gives the
effects of solvent polarity, number of equivalents of neucleophile and base
as well as temperature on the percentage yield of 4. The increase in the
equivalents number of the nucleophile 3 and time of reaction (entries 1-3,
Table 1) resulted in poor yield due formation of side products. By
changing the solvent to a highly polar solvent DMSO, reducing reaction

time, temperature and keeping the equivalent of base at 1.0 equiv. and
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neucleophile at 1.1 equiv. the substitution reaction was easier with greater
yield of 4 at 75% (entry 5, Table 1).

SO,NH, SO,NH,
F F DbMso, Et;N, 16 h, 70°C F F
F F HS.(yCOOH e F
2 3 SH/COOH
2 4 2

Scheme 2. Synthesis of 4-mercaptopropanoictetrafluorobenzene

sulfonamide 4

Entry | Reaction Conditions % Yield
4

1. 3 (1.1 equiv.), Methanol, Et;N (1.01 equiv.), 80 °C, 22 h| 37

2. 3 (2.0 equiv.), DMSO, Et;N (1.01 equiv.), 70°C, 24 h | 25

3. 3 (1.3 equiv.), DMSO, Et;N (1.01 equiv.), 80 °C, 24 h | 40

4. 3 (1.1 equiv.), DMSO, Et;N (1.01 equiv.), 80 °C,24h | 58

5. 3 (1.1 equiv.), DMSO, Et;N (1.01 equiv.), 70°C,16 h | 75

Table 1. Optimization table for the synthesis of 4

4-mercaptopropionic-2,3,5,6-tetrafluorobenzene sulfonamide 4 undergoes
another addition elimination reaction at the ortho position of the
sulfonamide derivative. In this reaction, 4 was dissolved in DMSO and
reacted with cyclooctyl amine 5 (2.0 equiv.) acting as the neucleophile,
EtsN (2.0 equiv.) acting as the base. 4 undergoes a neucleophilic
substitution by cyclooctyl amine to produce small molecule targeting ligand
6 with very low yield of 30% (Scheme 3, Table 2). In 4, the most probable
nucleophilic attack site is the C2 carbon or the C6 carbon because
comparitively they have more electron deficiency due to the presence of
thiopropanoic acid at C4 as the sulphur atom is electron donating. The yield

percentage of 6 was slightly increased by doubling the equivalents of both
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nucleophile and base. The synthesized compound 6 may be utilized as a

novel CA IX targeting small molecule ligand.

SOZNHz SOZNHZ
DMSO, Et;N, 70 °C, 24 h

COQH O co2

Scheme 3. Synthesis of CA IX targeting small molecule ligand 6

Entry | Reaction conditions % Yield 6
1. 5 (1.1 equiv.), DMSO, EtsN (1.01 equiv.), 60 °C, 24 h| 24
2. 5 (2.0 equiv.), DMSO, Et;N (2.0 equiv.), 60 °C, 24 h | 30

Table 2. Optimization table for synthesis of 6

4.2. Synthesis of CA IX targeted Rhodamine B fluorescent probe 12

The solid phase peptide synthesis (SPPS) to produce targeting ligand and
hydrophilic linker conjugated fluorescent probe (Rhodamine B) 12 for
detection of oligodendrogliomas was started using 1,2-diaminoethanetrityl
resin.1,2-diaminoethanetrityl resin 7 has a free NH2 group which was
coupled to the free COOH group of Fmoc-Asp-(O'Bu)-OH to give 8. After
deprotection of NHFmoc group from 8, the Boc-Lys(Tfa)-OH was
coupled to the free NH2 group to form 9. Subsequently, 9 was coupled to
COOH group of
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O th O PhH NHFmoc
o Ny
-, {] -
Fmoc-Asp(O'Bu)-OH BuO,C
PyBOP, DIPEA, DMF, 6 h
8

‘ (i) 20% Piperidine/DMF

RT, 30 min
(i) Fmoc-Lys(Tfa)-OH
PyBOP, DIPEA, DMF, 6 h

NHCOCF,
et BN T
(i) 20% Piperidine/DMF N ~N N\[(\NHFmoc
RT, 30 min H o

(i) HOOC\/é\ o/ﬁv NHFmoc BuO,C
2

PyBOP, DIPEA, DMF, RT, 24 h
NHCOCF, 9

H o H 2 i) 20% Piperidine, DMF
f
BuO,C ii) 6, PyBOP, DIPEA
DMF, RT, 24 h

10 NHCOCF,

i) 2M agq. Piperidine 6-12 h ‘

o s 0
i) Rhodamine B, PyBOP PhH H = H
N N N S F
DIPEA, DMF, 6 h ~ N NJ\%O

iiiy TEAITISIH,O (95:2.5:2.5) M o H

iv) Evaporate TFA BuO,C F SONH;
v) Precipitate in ice cold Et,0 NH

Vi) RP-HPLC, pH = 7.4 y O/

o
N

QL

\/N\/O H S (6] H F
HN o~ N kk\ N s NH
N N 0
Y e
HO,C F SO,NH,
12 F

Scheme 4. Synthesis of CA IX targeted Rhodamine B fluorescent probe
12

NHFmoc protected PEG linker to afford 10. After deprotection of
NHFmoc group from 8, the small molecule ligand 6 was attached to the
spacer to form 11. TFA group present in the masked polypeptide chain 11

was deprotected using aqueous piperidine solution and then coupled with
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Rhodamine B. The ligand conjugated hydrophilic spacer with Rhodamine
B 12 was released from resin beads on treatment with a cocktail solution
of TFA/H2O/TIS in the ratio 95:2.5:2.5. Reduced pressure was used to
concentrate the mother liquor obtained from resin cleavage using rotary
evaporator. Ice-cold ether was added to the viscous solution in a dropwise

manner to precipitate dark pink Rhodamine B conjugate 12.

4.3. Synthesis of CA IX targeted Rhodamine B fluorescent probe 15

The solid phase peptide synthesis (SPPS) to produce targeting ligand and
hydrophilic linker conjugated fluorescent probe (Rhodamine B) 15 for
detection of oligodendrogliomas was started usingl,2-diaminoethanetrityl
resin. 1,2-diaminoethanetrityl resin 7 has a free NH. group which was
coupled to the free COOH group of Fmoc-Asp-(O'Bu)-OH to give 8. After
deprotection of NHFmoc group from 8, the Boc-Lys(Tfa)-OH was
coupled to the free NH> group to form tripeptide chain 9. Subsequently, 9
was coupled with free carboxylic group of NHFmoc protected PEG4 linker
to afford 13. After deprotection of NHFmoc group from 13, the small
molecule ligand 6 was attached to the PEGs linker to form 14. The TFA
group present in the masked polypeptide chain 14 was deprotected using 2
M aqueous piperidine solution and then coupled with Rhodamine B. The
ligand conjugated hydrophilic spacer with Rhodamine B 15 was released
from resin beads on treatment with a cocktail solution of TFA/H2O/TIS in
the ratio 95:2.5:2.5. Reduced pressure was used to concentrate the mother
liquor obtained from resin cleavage using rotary evaporator. Ice-cold
ether was added to the viscous solution in a dropwise manner to

precipitate dark pink Rhodamine B conjugate 15.
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(i HOOC\%\O/%/NHFmoc 'BquC
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Scheme 5. Synthesis of CA IX targeted Rhodamine B fluorescent probe
15
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4.4 Synthesis of CA IX targeted fluorescent and radioimaging probe
22

The synthesis of hydrophilic spacer conjugated ligand was started with
cysteine chlorotrityl resin 16 (Scheme 6). The free NH2 group of the resin
was coupled with free COOH group of

. O Trs._ ® TS o
P : ] O P : (i) 20% Piperidine/DMF
hOTﬁNHz Fmoc-Asp(O'Bu)-OH hOWANJj/NHFmOC RT. 30 min
al o PyBOP, DIPEA, DMF, 6 h ¢ Q
O O BuO,C (ii) Boc-Dap(Fmoc)-OH
PyBOP, DIPEA, DMF,
16

17 6 h

NHCOCEs (i) 209 Piperidine / DMF
l RT, 30 min
® Trt (i) Fmoc-Lys(Tfa)-OH
Py O HBoc ™ PYBOP, DIPEA, DMF, 6 h 2 g e
hO - H H NHFmo
TN " NHFmoc N c
) )

c O QBuo,c” ©
1

9 18

(i) 20% Piperidine / DMF

RT, 30 min INHCOCFs
(i) HOO NHFmoc

%o% Q TrtS._ HBoG
PyBOP, DIPEA, DMF, RT, 6 h O PRy o N#N -0 e
moc
G N e
O Buo,c 2

1) 20% Piperidine, DMF

2) 6, PyBOP, DIPEA
DMF, RT, 6 h

(@]
NH 2
1) 2M aq. Piperidine 6-12 h
2) Rhodamine B, PyBOP O/
DIPEA, DMF, 6 h

3) TFA/TIS/EDT/H,0 (92.5:2.5:2.5:2.5)
4) Evaporate TFA
5) Precipitate in ice cold Et,0
6)

RP-HPLC, pH =5

o

Cl N

e C
N—

HN

HO,
o & ; N
HOK[NH o L ]
SH HZNLNEAHM Ovﬁpsji;[w
22 F F

SO,NH,

Scheme 6. Synthesis of CA IX targeted fluorescent and radioimaging
probe 22
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Fmoc-Asp(O'Bu)-OH to give dipeptide chain 17. After deprotection of
NHFmoc group from 17, the Boc-Dap(Fmoc)-OH was coupled with free
NH group to form tripeptide 18. After deprotection of NHFmoc group
from 18, the Fmoc-Lys(Tfa)-OH was coupled with the free NH> group to
form tetrapeptide linker 19. Subsequently, 19 was coupled with free
COOH group of NHFmoc protected PEG> linker to afford 20. After
deprotection of NHFmoc group from 20, the small molecule ligand 6 were
attached with the hydrophilic PEG linker by standard SPPS protocol to
form 21. After deprotection of the NHTfa group from 21, Rhodamine B
will be attached to NH> group of lysine moiety and the ligand targeted
chelating linker Rhodamine B conjugate 22 was detached from resin beads
on treatment with a cocktail solution containing TFA/EDT/TIS/H20 in the
ratio 92.5:2.5:2.5:2.5. Reduced pressure was used to concentrate the
mother liquor obtained from resin cleavage using rotary evaporator. Ice-
cold ether was added dropwise to the viscous solution to precipitate the
dark pink rhodamine B conjugate 22.

4.5. Synthesis of 3-(2-pyridinyldithio)propanoic acid 26

2-Aldrithiol was dissolved in dry Ethanol and then 3-Mercaptopropanoic
acid was added to it by a thiol-disulfide exchange in presence of acetic
acid to prevent dimerization of 3-Mercaptopropionic acid to produce 3-(2-
pyridinyldithio)propanoic acid 26 in 60% yield (Scheme 8)

|

X

I _S__N EtOH, 24 h, RT X
N” s | X | 5
_ s”7""Cco,H

25 26

Scheme 7. Synthesis of 3-(2-pyridinyldithio)propanoic acid 26
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4.6 Synthesis of APTES functionalized self-releasable Fe2Os
nanoparticles 27

SPIONSs 23 were synthesized using co-precipitation methodology followed
by functionalization with a silanizating agent, 3-
Aminopropyltriethoxysilane (APTES) producing surface functionalized
Fe>O3 nanoparticles 24. Further, the amine group in 24 will have to be
coupled to the acid group of 3-(2-pyridyldithio)propanoic acid 25 in order
to give activated Fe>Os nanoparticles via disulphide linkage 27 (Scheme
8).

OH
HO 8 OH

NaOH,80°C.8h . @ oH
FeCly4H,0 + FeCl;.6H,0 Deoxgenated water

Ho™ OH
OH

Scheme 8. Synthesis of functionalized self-immolative disulfide ironoxide
nanoparticles 27
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Chapter 5

Conclusion

In this particular research project, a new sulfonamide derivative (CA
Inhibitor), a small molecule targeting ligand 6 was successfully
synthesized in a three-step process with overall 19% yield. The Carbonic
Anhydrase IX targeted small molecule ligand 6 was further conjugated
with required hydrophilic PEG linker and fluorescent probe using solid
phase peptide synthesis for synthesis of biconjugates 12 and 15. The
targeting ligand was also used to prepare a CA IX targeting fluorescent
and radioimaging probe 22.

For further application of detecting and treating oligodendrogliomas using
functionalized releasable Fe.O3 nanoparticles by utilizing their property of
hyperthermia. The synthesized rdioimaging and fluorescent probe 22 has
to be attached to Fe2O3 nanoparticles. The Fe2Os nanoparticles can also be
a therapeutic agent for targeting oligodendrogliomas that overexpress
Carbonic Anhydrase 1X receptor.

Furthermore, Fe>O3 nanoparticles 23 were prepared using co-precipitation
method followed by functionalisation with salanizating agent APTES give
Fe>Os nanoparticles 24.

The APTES functionalized Fe>Os nanoparticles 24 will have to be
transformed into disulfide activated Fe>Os nanoparticles 27. These
activated Fe»Oz nanoparticles 27 will have to be coupled with the CA IX
targeted bioconjugate 22 to finally produce selfreleasable Fe2Os
nanoparticles carrying Carbonic Anhydrase 1X bioconjugate for detecting

and treating oligodendrogliomas.

25



APPENDIX-A
IH, 13C, 9F NMR
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Figure 1: *H NMR spectrum of pentafluorobenzenesulphonamide 2 in
DMSO-ds
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Figure 2: 3C NMR spectrum of pentafluorobenzenesulphonamide 2 in
DMSO-ds
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Figure 3: *F NMR spectrum of pentafluorobenzenesulphonamide 2 in
DMSO-ds
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Figure 4: *H NMR spectrum of 3-((2,3,5,6-tetrafluoro-4-sulfamoyl
phenyl)thio)propanoic acid 4 in DMSO-ds
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Figure 5: 3C NMR spectrum of 3-((2,3,5,6-tetrafluoro-4-sulfamoy!
phenyl)thio)propanoic acid 4 in DMSO-ds
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Figure 6: °F NMR spectrum of 3-((2,3,5,6-tetrafluoro-4-sulfamoyl
phenyl)thio)propanoic acid 4 in DMSO-ds
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Figure 7: *H NMR spectrum of 3-((3-(cyclooctylamine)-2,5,6-trifluoro-4-
sulfamoylphenyl)thio) propanoic acid 6 in DMSO-ds
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Figure 8: 3C NMR spectrum of 3-((3-(cyclooctylamine)-2,5,6-trifluoro-4-
sulfamoylphenyl)thio) propanoic acid 6 in DMSO-de

29



19F NMR 1.esp aw g'_)g g ]
88 5539
o o
F SO,NH,
NH
F
F
(0] S O
HO 6
i o o o o e e e e o e I R e e e R a e e
-20 -40 -60 -80 -100 -120 -140 -160 -180

Chemical Shift (ppm)
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Figure 10: *H NMR spectrum of 3-(2-pyridinyldithio)propanoic acid 26 in
CDCls

30



13C NMR esp & SR83 5] o b
© O m < s @
~ Mmoo — (=] (=]
- == - 3 &
| SR | |
l
‘\
NS OH
N s \/Y
26 0
1
|
| |
T T T T T e e
180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

Figure 11: *3C NMR spectrum of 3-(2-pyridinyldithio)propanoic acid 26
in CDCl3

31



Mass Spectra

[ntens. {
x104

1.254 \
1.004
0.75-
0.50

0.25

" 05 R " 20 T T 25 7 Time[min]

— TIC +AlIMS

Intens. +MS, 0.5min #29|

247.0744
3004

2001

1007 267.9756

242.2896
2048 2381149 ‘ | 251.‘1214‘ | 251_”1953 |

235 240 245 250 255 260 265 C 20 miz

Figure 12: MS(ESI) of pentafluorobenzenesulfonamide 2
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Figure 12: MS(ESI) of 3-((2,3,5,6-tetrafluoro-4-sulfamoyl
phenyl)thio)propanoic acid 4
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Figure 13: MS(ESI) of 3-((3-(cyclooctylamine)-2,5,6-trifluoro-4-
sulfamoylphenyl)thio) propanoic acid 6
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Figure 14: MS(ESI) of CA IX targeted Rhodamine B fluorescent probe 12
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Figure 16: IR spectrum of pentafluorobenzenesulfonamide 2
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Figure 17: IR spectrum of 3-((2,3,5,6-tetrafluoro-4-sulfamoyl
phenyl)thio)propanoic acid 4

1.04

|—— Compound 6

1.02

1.00

0.98

0.99

0.94

0.92

Transmittance

0.90

0.89

0.84

0.84
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'1)

Figure 18: IR spectrum of 3-((3-(cyclooctylamine)-2,5,6-trifluoro-4-
sulfamoylphenyl)thio) propanoic acid 6
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