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Abstract 

 

Carbonic anhydrase (CA) is a Zinc metalloenzyme which catalyzes the 

interconversion of carbon dioxide into proton and bicarbonate. Most of the human 

cancers overexpresses CA IX which helps to control the hypoxic microenvironment 

in the cells. In this work, we have synthesized a ligand targeted MRI contrast agent 

for diagnosis of aggressive tumor progression and a ligand targeted therapeutic tool 

to deliver iron oxide nanoparticles.  

Iron oxide nanoparticles are being actively investigated to achieve highly efficient 

carcinogenic cell destruction through magnetic hyperthermia treatments . The 

designed molecule consists of three components: a) a small molecule inhibitor 

specific to the protein of interest e.g. aromatic sulphonamide derivative b) a peptidic 

spacer to enhance the distance between targeting ligand and the attached nanoparticle 

so, that the specific binding affinity of the ligand to the protein is not compromised 

and c) functionalized deliverable nanoparticle (Fe3O4) for MRI contrast agent as well 

as for magnetic hyperthermia treatment.  
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Chapter 1  

Introduction  

1.1. General Introduction 

Hypoxia is a condition commonly present in the later stage of cancer when cancer 

cells begin to metastasize. At this stage, tumors cells are deprived of oxygen 

(typically ≤1% of overall oxygen content) due to its rapid proliferating nature and 

change in their metabolic activity [1]. This metabolic transition and rapid 

proliferation cause a decrease in extracellular pH (~6.5) in the microenvironment 

of the tumor cells due to the formation of excess lactic acid [1–2]. This hypoxic 

stress alters so many factors such as cell proliferation, angiogenesis, cell motility, 

invasiveness, and often resistance to common anti-cancer treatments. As a result, it 

creates a hindrance in the treatment of aggressive cancers. Since 1930, it has been 

well established that there is a relation between tumor hypoxia and resistance to 

chemotherapy [3–4]. Hypoxic tumors became resistant to common 

chemotherapeutics and have a high tendency to metastasize. Hence, tumor hypoxia 

is a lethal pathological diseased condition and associated with poor patient 

prognosis [4]. To survive in this acidic microenvironment, tumor cells must adjust 

an intracellular pH at physiological levels (pH 7.4) [6]. Therefore, carbonic 

anhydrase (CA), a family of zinc metalloenzymes plays an important role in this 

regulatory process. The CA catalyzes the reversible hydration of carbon dioxide to 

form bicarbonate and a proton [7]. Humans express fifteen carbonic anhydrase 

isoforms and of these, CA IX and CA XII have been shown to be associated with 

hypoxic tumors. Both these enzymes are transmembrane proteins with an 

extracellular catalytic domain and upregulated in solid tumors while exhibiting low 

expression in normal tissues (CA IX expression only) [8]. Among these two 

metalloenzymes, CA IX has been shown to be more prevalent in solid tumors 

compared to CA XII. Therefore, CA IX has been identified as a promising 

therapeutic target to treat hypoxic tumors [7–9,10]. Recently, Low et al described 
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delivery of cytotoxic molecule by conjugating with a small molecule inhibitor 

specific for CA IX receptor [11].  Therefore, CA IX is an important biomarker for 

the treatment of hypoxic solid tumors. 

We have been working on targeted drug delivery techniques to detect and treat various 

cancers [12–15] and inflammatory diseases [16–18] using small molecule targeting 

ligands. Many of these techniques are USA patented and at present in various stages 

of preclinical and clinical development for treating cancer patients [19–21].  

Paramagnetic iron oxide nanoparticles could also be used for diagnosis as an MRI 

contrast agent. However, iron oxide nanoparticles are generally used as negative 

contrast agents (T2-weighted images) which produce signal decreasing effect. The 

resulting signal could be interpreted wrongly with the other pathological conditions. 

Moreover, T2 contrast agents distort magnetic field in the neighboring healthy tissues 

resulting in dark images with no background around the lesions. Whereas T1 contrast 

agents such as high-spin paramagnetic Gd3+ ions produce hyperintense signals in T1-

weighted images. Several Gd3+ contrast agents have been approved by the European 

Medical Agency (EMEA) and the US Food and Drug Administration to provide better 

images of organs and tissues. 

 

1.2. Aim of the project  

In continuation of our interest, our aim in this project is to develop a ligand-targeted 

Magnetic Resonance Imaging (MRI) contrast agent for diagnosis of aggressive 

tumor progression followed by treatment with ligand-targeted releasable iron oxide 

(Fe3O4) nanoparticles [22]. The synthesized ligand selectively targets the carbonic 

anhydrase (CA IX) receptor, which is overexpressed in most of the hypoxic solid 

tumors. The proposed multimodal tool consists of three components i) a small 

molecule ligand (e.g. aromatic sulphonamide derivative) specific to the protein of 

interest (CA IX), which is overexpressed in diseased condition  ii) a peptidic spacer 

to enhance the distance between targeting ligand and the attached cargo so that the 

specific binding affinity of the ligand to the protein is not compromised and iii) 

MRI contrast agent for diagnosis and functionalized releasable iron oxide 
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nanoparticles for treatment of hypoxic solid tumors through magnetic hyperthermia 

treatment [23–25].  
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Chapter 2 

                            Literature  

In 1954, acetazolamide was the first reported carbonic anhydrase inhibitor [29] for 

the treatment of glaucoma, altitude sickness, convulsant, epilepsy, periodic 

paralysis, etc. To date approximately, 25 drugs are used to treat diseases like 

glaucoma, convulsions, high-altitude sickness and cancer [30]. Many of these drugs 

have side effects, because they inhibit different isoforms of carbonic anhydrase, 

which are not involved in the targeted disease. Therefore, this area remains 

unexplored and there is an urgency to develop inhibitors that are selective to various 

CA enzymes [30]. This motivated researchers to synthesize small molecules which 

will selectively bind with the desired CA isoform. Aromatic and heterocyclic 

sulfonamides are the best class of carbonic anhydrase inhibitors [31]. The binding 

affinity of the aromatic sulfonamide highly depends on the pKa of the sulfonamide 

group which is ~11.0. For the better binding, the pKa value should be near 7.4 [32, 

33].  Presence of electronegative group decreases the pKa of aromatic sulfonamide 

and enhances the carbonic anhydrase inhibitory properties. Thus, fluorinated 

benzene sulfonamide can be used as carbonic anhydrase inhibitors. In the past few 

years, several research groups synthesized different polyfluorinated and non-

fluorinated sulfonamide derivatives and analyzed their inhibitory properties against 

different isoforms of carbonic anhydrase. Later these CA small molecule inhibitors 

have been used for the delivery of cytotoxic drugs to the diseased tissue. Cazzamalli 

et al. [27] and Krall et al. [28] have utilized acetazolamide [FDA approved] CA IX 

inhibitor as a small molecule targeting ligand for the delivery of cytotoxic drug like 

monomethyl auristatin E, duocarmycin, and maytansine to treat solid hypoxic 

tumors. Recently Low et al. have developed a small molecule CA IX targeted 

tubulysin B conjugate to kill CA IX expressing tumors [11].  
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Figure 1.  (A) Small molecule ligand targeted drug conjugates (B) CA IX targeted 

alexa flour 594 conjugate (C) CA IX targeted tubulysin B conjugate 
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Chapter 3 

Experimental Section 

3.1. Materials and methods 

Analytical grade N,N–dimethylformamide (DMF) for solid phase synthesis was 

bought from TCI chemicals. All other solvents or reagents were used as such as 

supplied by Fisher chemicals, Merck and Sigma Aldrich. 1,2-Diaminoethane trityl 

and H-Cys(Trt)-2-chlorotrityl resins were purchased from Iris biotech. All the 

reactions were performed in oven-dried glasswares under an inert atmosphere with 

magnetic stirring. Air and moisture sensitive liquids and solutions were transferred 

by using glass syringes under nitrogen atmosphere. All reagents were obtained from 

commercial sources and used as such unless otherwise stated. Solvents were 

distilled using suitable drying agents (CaH2 or Na wire, Mg turnings) under 

nitrogen atmosphere. Reactions were monitored by thin layer chromatography 

using Merck silica gel 60 F254 TLC glass plates. Evaporation of volatile solvents 

were carried out under reduced pressure using rotary evaporator at 40 °C and 

appropriate reduced pressure. 1H, 19F and 13C NMR spectra were recorded using 

Bruker AV 400MHz NMR spectrometer with TMS as an internal reference. CDCl3 

and DMSO-d6 were used as NMR solvents. Chemical shift is reported in delta (δ) 

units, expressed in parts per million (ppm) downfield from tetramethylsilane 

(TMS). The HR-MS spectra of the compounds were recorded by using Bruker 

Daltonics MicroTOF-Q II mass spectrometer using methanol as solvent. FT-IR 

spectra of samples dissolved in CH2Cl2 were recorded using Fourier Transform 

Infrared-Attenuated Total Reflection (FTIR-ATR) Spectrometer, Bruker (Tensor-

27) over a range of 500–4000 cm–1. High-Resolution Mass Spectrometry (HR-MS) 

spectra and analytical reversed-phase Ultra Performance Liquid Chromatography 

(UP-MS) were performed on a Waters xevo G2-XS QTOF coupled to a waters 

acquity UPLC H-class system with PDA UV detector, using a ACQUITY UPLC 

BEH C18 column, 130 Å, 1.7 µm, 2.1 mm × 50 mm at a flow rate of 0.6 ml min–1 

with linear gradients of solvents A and B (A = Millipore water with 0.1% formic 
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acid, B = MeCN with 0.1% formic acid). The preparative reversed-phase high-

pressure liquid chromatography (RP-HPLC) were performed on a Waters alliance 

HT RP-HPLC with PDA UV detector, using a Synergi 4µm, Polar-RP 80Å 10 × 

150 mm C18 column at a flow rate of 4 ml min–1 with linear gradient of solvents A 

and B (A = HPLC grade water with 0.1% formic acid, B = Methanol with 0.1% 

formic acid). 

3.2. Synthesis of pentaflourobenzene sulfonamide (2) 

Pentaflourobenzenesulfonyl chloride 1 (2.90 g, 10.86 mmol) was 

dissolved in dry THF (130 mL) in a 250 mL round bottom flask. 

The reaction mixture was cooled to –10 °C and 30% aq. ammonia 

(3.46 mL, 86.95 mmol) was added dropwise to the reaction 

mixture with stirring. The progress of reaction was monitored by 

TLC. After the completion of reaction, THF was evaporated under reduced pressure 

using rotatory evaporator. The crude product was purified by chromatography on a 

column of silica gel (230–400 mesh) using 1.5:8.5 mixture of ethyl acetate in 

hexane to get the titled pentaflourobenzene sulfonamide 2 (2.41 g, 90%) as a white 

solid. m.p. 155–157 °C. TLC: Rf  0.54 (2.5:7.5 EtOAc/hexane). IR: 3424, 3344 (N–

H), 1641 (C=C) cm–1. 1H NMR (400 MHz, DMSO-d6): δ 8.46 (s, 2H). 13C NMR 

(100 MHz, DMSO-d6): δ 145.0, 142.4, 139.1, 136.2, 119.5 ppm. 19F NMR (400 

MHz, DMSO-d6): δ –139.04 (d, J = 22.6 Hz, 2F), –148.90 (t, J = 23.70 Hz, 1F), –

160.5094 (t, J = 23.70 Hz, 2F).   

3.3. Synthesis of 6-((2,3,5,6-tetrafluoro-4-sulfamoylphenyl)amino) hexanoic 

acid (4) 

 Pentaflourobenzene sulphonamide 2 (2.26 g, 9.16 mmol) was 

dissolved in DMSO (7 mL) in a round bottom flask (25 mL) 

and stirred at room temperature. 6-Aminohexanoic acid 3 (1.32 

g, 10.08 mmol) and triethylamine (1.30 mL, 9.26 mmol) was 

added to the reaction mixture at room temperature. The 

reaction mixture was heated at 80 °C for 24 h. The progress of 
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reaction was monitored by TLC. After 24 h, the reaction mixture was cooled to 

ambient temperature and 4 mL of HPLC grade methanol was added to the reaction 

mixture. The crude product was purified by reversed-phase high-performance 

liquid chromatography (RP-HPLC) using C18 reverse-phase column to get the tilted 

product 4 (1.80 g, 62%) as viscous oil. [A = 0.1 % formic acid in HPLC grade water 

and B = 0.1% formic acid in HPLC grade methanol, solvent gradient: 5% B to 

100% B in 80 min, 100 min, flow rate = 15 mL/min]. TLC: Rf 0.12–0.25 (6:4 

EtOAc/hexane). m.p. 143–145 °C. IR: 3417.86, 3375.43, 3282.4 (–NH, –NH2), 

2941.44 (–OH), 2875.86 (C–H), 1697.36 (C=O), 1357.89–1388.75 (S=O) 

cm−1. 1H NMR (400 MHz, DMSO-d6): δ 12.01 (s, 1H), 7.92 (s, 2H), 6.71 (s, 

1H), 2.20 (t, J = 6.64 Hz, 2H), 1.44–1.59 (m, 5H), 1.17–1.36 (m, 3H) ppm. 

13C NMR (100 MHz, DMSO-d6): δ 174.5, 144.9, 142.5, 136.8, 134.4, 131.3, 

107.5, 44.0, 33.6, 30.0, 25.6, 24.2 ppm. 19F NMR (100 MHz, DMSO-d6): δ –

161.20 (d, J = 18.04 Hz, 2F), –142.24 (d, J = 18.04 Hz, 2F) ppm. HRMS (ESI) 

m/z [M+Na]+ calcd. for C12H14F4N2O4S 381.0508, found 381.0507.  

3.4. Synthesis of 6-((3-(cyclooctylamine)-2,5,6-trifluoro-4-sulfamoylphenyl) 

amino) hexanoic acid (6) 

 6-((2,3,5,6-Tetrafluorosulfamoylphenyl)amino)     hexanoic acid 

4 (1.678 g, 4.68 mmol) was dissolved in DMSO (4 mL) in a 

round bottom flask (10 mL) and stirred at room temperature. 

Cyclooctylamine 5 (1.28 mL, 9.37 mmol) and triethylamine 

(1.30 mL, 9.37 mmol) was added dropwise to the reaction 

mixture with stirring. The reaction mixture was heated at 70 °C 

for 24 h. The progress of reaction was monitored by TLC and LC-MS. After 24 h, 

the reaction mixture was cooled to ambient temperature and HPLC grade methanol 

(2 mL) was added to the reaction mixture. The crude product was purified by RP-

HPLC by using C18 reverse phase column to get the tilted product 6 (697.17 mg, 32 

%) as a viscous oil. [A = 0.1 % formic acid in HPLC grade water and B = 0.1% 

formic acid in HPLC grade methanol, solvent gradient: 5% B to 100% B in 80 min, 

100 min, flow rate = 15 mL/min]. TLC: Rf  0.44–0.56. 1H NMR (400 MHz, DMSO-

d6): δ 11.97 (brs, 1H), 7.65 (s, 2H), 6.14 (d, J = 9.12 Hz, 1H), 6.06 (brs, 1H), 3.57–
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3.70 (m, 1H), 3.24–3.28 (m, 2H), 2.19 (t, J = 7.36 Hz, 2H), 1.74–1.84 (m, 2H), 

1.60–1.68 (m, 2H), 1.41–1.55 (m, 14H), 1.23–1.32 (m, 2H) ppm. 13C NMR (100 

MHz, DMSO-d6): δ 174.4, 145.1 (d, J = 8.79 Hz), 138.0 (d, J = 3.7 Hz), 136.3 (d, 

J = 4.17 Hz), 133.3 (dd, J = 11.57 Hz, 4.49 Hz), 131.8 (dd, J = 11.57 Hz, 4.49 Hz), 

130.9, 105.9 , 55.0 (d, J  = 7.07 Hz), 44.1, 33.6, 32.1, 30.0, 26.8, 25.6, 25.1, 24.2, 

23.0 ppm. 19F NMR (400 MHz, DMSO-d6): δ –139.52 (dd, J = 25.08 Hz, 7.48 Hz, 

1F), –149.17 (s, 1F), –169.20 (d, J = 25.08 Hz, 1F) ppm. HRMS (ESI) m/z [M+H]+ 

calcd. for C20H30F3N3O4S 466.1987, found 466.1988.  

3.5. Synthesis of N-(2-(2-(3-((2-aminoethyl) amino)-3-oxopropoxy) ethoxy) 

ethyl)-6-((3-(cyclooctylamino)-2,5,6-trifluoro-4-sulfamoylphenyl) amino)-

hexanamide (11) 

1,2-Diaminoethanetrityl resin 7 (100 

mg, 0.58 g/mol) was swollen with 

DCM (3 mL) for 30 min by bubbling 

low stream of argon gas through resin 

beads in the peptide synthesis vessel 

(15 mL) which was attached to round bottom flask (250 mL). After 30 min, DCM 

was drained using suction pump followed by swelling the resin with DMF (3 mL) 

for 30 min by bubbling low stream of argon gas. A solution of Fmoc-AEEP 8 (46.33 

mg, 0.12 mmol), HATU (62 mg, 0.16 mmol) and DIPEA (50 μL, 0.29 mmol) in 

DMF (3 mL) was added to the peptide vessel containing resin beads and the 

coupling reaction was continued for 3 h by bubbling low stream of argon gas. The 

resin beads were washed with DMF (3 × 3 mL) and then with isopropanol (3 × 3 

mL). The resin beads were dried under reduced pressure for 5 min and the 

completion of coupling reaction was confirmed by the Kaiser test.                            

The Kaiser test reagents were prepared in three different glass bottles:                           

1) Dissolve 100 mg ninhydrin in 2 mL of ethanol             2) 

Dissolve 80 g phenol in 20 mL ethanol 

3) Dilute 2 mL of a 0.001 M solution of KCN to 100 mL with pyridine 
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After preparing the Kaiser test kit, few dried resin beads were taken in a test tube 

(5 mL) and 2 drops, each of ninhydrin, phenol, and 0.1% potassium cyanide 

solution as described above, were added to the resin beads. The test tube was heated 

at 110 °C for 2 min on sand bath. Appearance of colorless beads indicates absence 

of free amino group and completion of coupling reaction. A freshly prepared 

solution of 20% piperidine in DMF (5 mL) was added to the resin beads in the 

peptide vessel and low stream argon gas was bubbled through the resin beads for 

10 min. After 10 min, the deprotecting reagent was drained using suction pump. 

The deprotection step was repeated twice by addition of 5 mL 20% piperidine in 

DMF twice to ensure complete deprotection of NHFmoc. The resin beads were 

washed with DMF (3 × 3 mL) and then with isopropanol (3 × 3 mL). The formation 

of free amine group was confirmed by performing Kaiser test as described above. 

A solution containing ligand 6 (31 mg, 0.07 mmol), HATU (62 mg, 0.16 mmol) 

and DIPEA (50 μL, 0.29 mmol) in DMF (3 mL) was added to the resin beads using 

micro pipette and argon gas was bubbled for 3 h. The resin beads were washed with 

DMF (3 × 3 mL) and then with isopropanol (3 × 3 mL). The coupling reaction was 

confirmed by performing the Kaiser test.  The functionalized resin beads were dried 

under reduced pressure for 10 min. 5 mL of freshly prepared TFA/TIS/EDT/H2O 

cleavage cocktail (92.5:2.5:2.5:2.5) was added to the resin beads and low stream 

argon gas was bubbled for 40 min and the mother liquor was collected into a 25 mL 

round bottom flask. The cleavage reaction was repeated twice by addition of 2.5 

mL of cleavage cocktail for 5 min to ensure complete cleavage of the ligand 

attached peptide conjugate from the resin beads. The cleavage cocktail was 

evaporated under reduced pressure using rotatory evaporator. The concentrated 

viscous liquid was precipitated in a 10 mL pear-shaped flask by addition of 5 mL 

of ice-cold diethyl ether. The pear-shaped flask was placed in an ice bath for 30 

min. The ether layer from the pear-shaped flask was slowly decanted without 

disturbing the settled oily precipitate. The precipitate was washed twice with ice-

cold diethyl (2 × 3 mL) ether to remove triflouroacetic acid and ethanedithiol 

residues completely. Diethyl ether was evaporated under reduced pressure using 

rotatory evaporator. The crude peptide conjugate was purified by RP-HPLC using 
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C18 reversed-phase column to obtain pure ligand attached peptide conjugate 11 

(26.29 mg, 68 %) as a viscous oil. [A = 0.1 % formic acid in water and B = 0.1 % 

formic acid in HPLC grade methanol, solvent gradient: 5% B to 100% B in 80 min, 

100 min, flow rate = 15 mL/min). Retention time = 48–52 min. 1H NMR (400 MHz, 

DMSO-d6): δ 8.38 (s, 2H), 8.30 (s, 1H), 7.87 (s, 1H), 6.39 (d, J  = 9.72 Hz, 1H), 

6.14 (d, J = 9.72 Hz, 1H), 6.06 (brs, 1H), 5.81 (s, 1H), 3.59 (t, J  = 6.24 Hz , 3H), 

3.37 (t, J = 5.88 Hz, 2H), 3.12–3.28 (m, 6H), 2.83 (s, 4H), 2.74 (t, J = 5.88 Hz, 2H), 

2.32 (t, J = 6.24 Hz, 2H), 2.01–2.09 (m, 2H), 1.72–1.85 (m, 2H), 1.59–1.71 (m, 

2H), 1.33–1.57 (m, 14H), 1.16–1.30 (m, 2H) ppm. 19F NMR (400 MHz, DMSO-

d6): δ –140.98 (dd, J = 25.60 Hz, 7.76 Hz, 1F), –148.81 (s, 1F), –168.86 (d, J = 

25.60 Hz, 1F) ppm. HRMS (ESI) m/z [M+H]+ calcd. for C29H49F3N6O6S 667.3465, 

found 667.3465. 

3.6. Synthesis of (3-(cyclooctylamino)-2,5,6-trifluoro-4-sulfamoylphenyl) 

amino)-2-(mercaptomethyl)-4,14-dioxo-7,10-dioxa-3,13-diazanonadecan-1-

oic acid (16). 

H-Cys(Trt)-2-chlorotrityl resin 12 

(100 mg, 0.64 g/mol) was swollen 

with DCM (3 mL) for 30 min by 

bubbling low stream of argon gas 

through resin beads in the peptide 

synthesis vessel (15 mL) which was attached to the round bottom flask (250 mL). 

After 30 min, DCM was drained using a suction pump followed by swelling with 

DMF (5 mL) for 30 min with a low stream of argon gas.  A solution of Fmoc-AEEP 

8 (46.33 mg, 0.12 mmol), HATU (62 mg, 0.16 mmol) and DIPEA (50 μL, 0.29 

mmol) in DMF (3 mL) was added to the peptide vessel containing resin beads and 

the coupling reaction was continued for 3 h by bubbling low stream of argon gas. 

The resin beads were washed with DMF (3 × 3 mL) followed by isopropanol (3 × 

3 mL). The resin beads were dried under reduced pressure for 5 min and the 

completion of peptide coupling reaction was confirmed by performing the Kaiser 

test. A freshly prepared solution of 20% piperidine in DMF (5 mL) was added to 
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the resin beads in the peptide vessel and a low stream argon gas was bubbled 

through the beads for 10 min. After 10 min, the deprotection reagent was drained 

using suction pump. The procedure was repeated twice by addition of 5 mL of 20% 

piperidine in DMF to ensure complete deprotection of NHFmoc. The resin beads 

were washed again with DMF (3 x 3 mL) and then with isopropanol (3 × 3 mL). 

The formation of free amine group was confirmed by performing the Kaiser test. A 

solution of 6 (34.50 mg, 0.07 mmol), HATU (60.84 mg, 0.16 mmol) and DIPEA 

(56 μL, 0.32 mmol) in DMF (3 mL) was added to the peptide vessel containing 

swollen resins and a low stream argon gas was bubbled for 3 h. The resin beads 

were washed with DMF (3 × 3 mL) and then with isopropanol (3 × 3 mL). The 

coupling reaction was confirmed by performing the Kaiser test. The functionalized 

resin beads were dried under reduced pressure for 10 min. 5 mL of freshly prepared 

TFA/TIS/EDT/H2O cleavage cocktail (95:2.5:2.5:2.5) was added to the resin beads 

and a low stream argon gas was bubbled for 40 min. The mother liquor was 

collected into a 25 mL round bottom flask. The cleavage reaction was repeated 

twice by addition of 2.5 mL of cleavage cocktail for 5 min to ensure complete 

cleavage of peptide chain from the resin beads. The cleavage cocktail was 

evaporated under reduced pressure using rotatory evaporator. The concentrated 

viscous oil was precipitated in a 10 mL pear-shaped flask by addition of 5 mL of 

ice-cold diethyl ether. The pear-shaped flask was cooled in an ice bath for 30 min. 

The ether layer was slowly decanted from the pear-shaped flask without disturbing 

the settled oily precipitate. The precipitate was washed twice with ice-cold diethyl 

ether (2 × 5 mL) to remove the traces triflouroacetic acid and ethanedithiol 

completely. Ether was evaporated under reduced pressure using rotatory 

evaporator. The crude conjugate product was purified by RP-HPLC using C18 

reversed-phase column to get the titled product 16 (28.88 mg, 62%).  as a viscous 

oil. [A = 2 mM ammonium acetate buffer (pH = 5.0) and B = acetonitrile, solvent 

gradient: 5% B to 100% B in 80 min, 100 min, flow rate = 15 mL/min, retention 

time = 36–40 min. HRMS (ESI) m/z [M+Na]+ calcd. for C30H48F3N5O8S2 

728.2975, found 728.2961. 
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3.7. Synthesis of N-succinimidyl-3-(2-pyridyldithio)propionate (19) 

 2-Aldrithiol 22 (2.00 g, 9.08 mmol) was dissolved 

in dry ethanol (40 mL) in a round bottom flask (100 

mL) and stirred at room temperature. A solution of 

3-mercaptopropanoic acid 23 (0.40 mL, 4.52 mmol) in dry ethanol (2 mL) and 

acetic acid (50 μL, 3.48 mmol) was added dropwise to the stirring reaction mixture. 

The reaction mixture was stirred for 4 h. The progress of reaction was monitored 

by TLC. After 4 h, the solvent was evaporated under reduced pressure to yield 

yellowish oil which was dried under reduced pressure for 2 h to remove the traces 

of acetic acid. The yellowish oily crude product was purified by chromatography 

on a basic alumina column using a 2:3 mixture of ethanol in DCM as eluent. After 

the elution of yellow band containing 2-mercaptopyridine from the column, 4 mL 

of AcOH was added in 100 mL of 2:3 mixture of ethanol in DCM to elute 3-(2-

pyridyldithio)propanoic acid 24 in 70% purity.  

Dry DCM was cooled to 0 ℃ in a two neck round bottom flask (50 mL). 3-(2-

Pyridyldithio)propanoic acid 24 (500 mg, 2.32 mmol) was dissolved in cooled 

DCM (10 mL) at 0 ℃ under N2 atmosphere. DCC (528 mg, 2.55 mmol) and NHS 

ester (295 mg, 2.55 mmol) was added to the reaction mixture and the reaction 

mixture was stirred for 10 min at 0 ℃. After 10 min, the reaction mixture was 

warmed to ambient temperature and stirred further for 3 h at room temperature. The 

progress of reaction was monitored by TLC. After the completion of reaction, the 

reaction mixture was filtered to remove precipitated urea and the filtrate was 

collected in a 50 mL round bottom flask. The solvent was evaporated under reduced 

pressure using rotatory evaporator to yield yellowish oily crude product 19. The 

crude 19 was purified by chromatography on a column of silica gel (230–400 mesh) 

using 1:1 mixture of EtOAc in hexane to obtain 19 (507.27 mg, 70%) as a colourless 

oil and stored at –20 ℃ in a refrigerator. 1H NMR (400 MHz, CDCl3): δ 8.47–8.52 

(m, 1H), 7.63–7.70 (m, 2H), 7.08–7.15 (m, 1H), 3.05–3.16 (m, 4H), 2.84 (s, 4H) 

ppm. 13C NMR (100 MHz, CDCl3): δ 169.0, 167.1, 159.3, 150.0, 137.4, 121.2, 

120.1, 32.9, 31.1, 25.7 ppm.    
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3.8. General procedure for the synthesis of iron (III) oxide nanoparticles (17) 

3.8.1. In a two-neck round bottom flask (250 mL), 100 mL of 

water was deoxygenated by bubbling N2 gas for 40 min. 

Ferrous sulfate heptahydrate 25 (200 mg ,0.72 mmol) and 

ferric chloride hexahydrate 26 (232 mg, 1.44 mmol) were 

dissolved in 100 mL of deoxygenated water with vigorous 

stirring at room temperature. 2 mL of aq. ammonia (28–30%) was added dropwise 

to the reaction mixture and heated to 85 °C for 2 h. After 2 h, the reaction mixture 

was cooled to ambient temperature. The black precipitate was washed five times 

with distilled water (5 × 10 mL) and twice with ethanol (10 mL) followed by 

magnetic decantation. The precipitated particles were dried at 40 °C under reduced 

pressure for 24 h.  

 

3.8.2 

In a two-neck round bottom flask (250 mL), a stock solution of 100 mL of 1 M 

NaOH (3.40 g, 85 mmol) was prepared in distilled water. Ferric nitrate nonahydrate 

27 (1.453 g, 3.60 mmol) and ferrous sulfate heptahydrate 25 (0.50 g, 1.80 mmol) 

were dissolved in 12 mL and 8 mL of deoxygenated distilled water respectively. 

The two solutions were mixed together and sonicated for 30 min using ultra bath 

sonicator. After sonication, the mixture was added slowly to 1 M NaOH (100 mL) 

solution at room temperature with vigorous stirring. The reaction mixture was 

heated at 80 °C for 1 h under N2 atmosphere. After 30 min, the reaction mixture 

was cooled to ambient temperature. The brown-black precipitate was washed five 

times with distilled water (5 × 5 mL) and then with absolute ethanol (5 mL) 

followed by magnetic decantation. The precipitate was dried under reduced 

pressure at room temperature for 24 h.  

 

3.8.3 

In a two-neck round bottom flask (250 mL), a stock solution of 100 mL of 2M 

NaOH (2.308 g, 57.5 mmol) was prepared in distilled water. Ferrous chloride 
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tetrahydrate 28 (400 mg, 2.02 mmol) and ferric chloride hexahydrate 29 (540 mg, 

2.02 mmol) were dissolved in 12 mL and 8 mL of distilled water respectively. The 

two solutions were mixed, and the mixture was sonicated for 30 min using ultra 

bath sonicator. After sonication, the mixture was added slowly to 2M NaOH (100 

mL) solution at room temperature with vigorous stirring. The reaction mixture was 

heated at 70 °C for 30 min with vigorous stirring under N2 atmosphere. After 30 

min, the reaction mixture was cooled to ambient temperature. The brown-black 

precipitate was washed five times with distilled water (5 × 5 mL) and twice with 

absolute ethanol (2 × 5mL) followed by magnetic decantation. The nanoparticles 

were dried under reduced pressure at room temperature for 24  

 

3.8.4 

In a two-neck round bottom flask (50 mL), ferrous chloride tetrahydrate 28 (73.5 

mg, 0.37 mmol) and ferric chloride hexahydrate 29 (200 mg, 0.74 mmol) were 

dissolved in 30 mL of distilled water with vigorous stirring. 1 mL of aq. ammonia 

(28-30%) was added slowly to the reaction mixture with constant stirring. The 

reaction mixture was heated at 85 °C for 2 h under N2 atmosphere. After 2 h, the 

reaction mixture was cooled to ambient temperature. The black precipitate was 

washed thrice with distilled water (3 × 10 mL) and absolute ethanol (2 × 5 mL) 

followed by magnetic decantation. The magnetic nanoparticles were dried under 

reduced pressure for 24 h at room temperature.    

 

3.9. General procedure for the surface functionalization of   mag@silica iron 

(III)oxide nanoparticles with APTES (3-aminopropyltriethoxysilane) at 

two different concentrations 
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3.9.1. In a two-neck round bottom flask (100 mL), the mag@silica IONP were dried 

under vacuum at 120 °C for 6 h. The mag@silica IONP (500 mg) were dissolved 

in dry toluene (50 mL) with vigorous stirring at room temperature for 10 min under 

N2 atmosphere. The mixture was sonicated for 1 h using ultra bath sonicator. 3-

Aminopropyl triethoxysilane (0.6 mL) was added dropwise to the stirring mixture 

at room temperature under N2 atmosphere. The reaction mixture was refluxed with 

vigorous stirring for 24 h under N2 atmosphere. After 24 h, the reaction mixture was 

cooled to ambient temperature and toluene was decanted from the mixture. The 

precipitate was washed absolute ethanol (5 × 5 mL) followed by magnetic 

decantation. The precipitated APTES surface functionalized iron oxide 

nanoparticles 18 were dried under reduced pressure at 40 °C for 24 h [24].  

 

3.9.2. In a two-neck round bottom flask (100 mL), the mag@silica IONP (500 mg) 

were dried under reduced pressure at 120 °C for 6 h. The mag@silica IONP were 

dissolved in distilled toluene (50 mL) with vigorous stirring at room temperature 

under N2 atmosphere. The mixture was sonicated for 1 h in an ultra-bath sonicator. 

3-Aminopropyl triethoxysilane (1.2 mL) was added dropwise to the stirring mixture 

at room temperature and the reaction mixture was heated at 60 °C for 4 days under 

N2 atmosphere. After 4 days, the reaction mixture was cooled to ambient 

temperature and toluene was decanted slowly without disturbing the settled 

precipitate with the help of a magnet. The precipitate was washed with absolute 

ethanol (5 × 5 mL) followed by magnetic decantation. The APTES functionalized 

iron oxide nanoparticles 18 were dried under reduced pressure at 40 °C for 24 h. 
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Chapter 4 

Results and Discussion 

4.1 Synthesis of CA IX targeting ligand  

The intended targeting ligand for CA IX receptor was synthesized starting from 

pentaflourobenzene sulfonyl chloride 1. 1 on treatment with aqueous ammonia 

resulted in the formation of pentaflourobenzene sulfonamide 2 in an excellent 90% 

yield (Scheme 1).  

 

Scheme 1. Synthesis of pentaflourobenzene sulfonamide 2 

 

Pentaflourobenzene sulfonamide 2 was further treated with a nucleophile, such as 

6-aminocaprylic acid, under optimized reaction conditions to form 4-

aminocaprylic-tetrafluorosulfonamide 4 in good yield (Scheme 2, Table 1). The 

most accessible position for the nucleophile to attack is para due to favorable 

electronic and unfavorable steric effects. Under optimized conditions, the aromatic 

nucleophilic substitution reaction was facile a para position of 2 resulting in the 

formation of desired product 4 in 62% yield.  Table 1 shows the effect of polarity 

of solvent, equivalents of base and temperature on the formation and yield of 4. In 

non-polar solvent such as toluene at higher temperature, aromatic nucleophilic 

substitution reaction in 2 fails to take place without the formation of product 4 

(Entry 1, Table 1). Whereas with the increase in the polarity of the solvent and 

temperature, formation of 4 was observed albeit in poor yields of 20-24% (Entries 

2 and 3, Table 1). Surprisingly, when the reaction was carried out in high polar 

solvent such as DMSO at 80 °C, the aromatic nucleophilic substitution at para 

position of 2 was facile and the desired product 4 was obtained in a good yield of 
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62% (Entry 4, Table 1). The number of equivalents of base had minimum effect in 

the conversion of 2 to 4 and a minimum of 1.0 equivalent of base such as Et3N was 

enough to afford 4 in good yield (Entry 4, Table 1). 

 

Scheme 2. Synthesis of 4-aminocaprylictetrafluorosulfonamide 4 

 

Entry Reaction Conditions % Yield 

4 

1. 3 (1.1 equiv.), Toluene, Et3N (1.01 equiv.), 80 ℃, 24 h _ 

2. 3 (1.1 equiv.), THF, Et3N (1.01 equiv.), 70 ℃, 8 h 20 

3. 3 (1.1 equiv.), Methanol, Et3N (1.01 equiv.), 65 ℃, 16 h 24 

4. 3 (1.1 equiv.), DMSO, Et3N (1.01 equiv.), 80 ℃, 24 h 62 

 

Table 1. Optimization of reaction conditions for the preparation of 4 

 

4-Substituted-2,3,5,6-tetraflourobenzene sulfonamide 4 is still activated for further 

aromatic nucleophilic substitution reaction in the ortho position of the sulfonamide 

functional group. Accordingly, when 4 was treated with cyclooctyl amine 5 (1.1 

equiv.), and a base, Et3N (1.0 equiv.) the ortho fluorine substituent in 4 underwent 

substitution by the amino nucleophile, cyclooctyl amine 5, to afford 2,4-

diaminosubstituted-3,5,6-triflourobenzene sulfonamide 6 in a poor yield of 24% 

yield (Scheme 3, Table 2). The substation pattern can be explained by the fact that 

the most accessible site for the nucleophilic attack in 4 is either C2–F or C6–F 

positions and not C3–F or C5–F positions. The C2–F or C6–F positions of 4 are 

relatively more electron deficient compared to C3–F or C5–F positions because of 

presence of 4-amino substituent. The yield of formation of 6 was also improved by 

increasing the number of equivalents of nucleophile (2.0 equiv.) along with base (2.0 
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equiv) . Further, 6 could be used as a new small molecule targeting ligand to target 

CA IX receptor overexpressed in the hypoxic solid tumors that was not explored 

before.  

 

 

Scheme 3. Synthesis of new small molecule ligand 6 to target CA IX receptor 

 

Entry Reaction conditions % Yield 6 

1. 5 (1.1 equiv.), DMSO, Et3N (1.01 equiv.), 70 ℃, 24 h 24 

2. 5 (2.0 equiv.), DMSO, Et3N (2.0 equiv.), 70 ℃, 24 h 32 

 

Table 2. Optimization of reaction conditions for the preparation of CA IX targeting 

ligand 6 

 

4.2 Synthesis of biconjugate linker 11 for delivery of fluorescent reporter, 

Bodipy to hypoxic tumors 

Next, we carried out the conjugation of targeting ligand 6 with appropriate 

peptidic spacer using solid phase peptide synthesis (SPPS) methodology to prepare 

the biconjugate linker 11 which could be attached to a fluorescent reporter, Bodipy 

dye, for drug delivery applications to hypoxic tumors over-expressing CA IX 

receptors. The free amine group of 1,2-diaminoethanetrityl resin 7 was coupled 

with the carboxylic acid group of the PEG linker 8 using HATU as coupling reagent 

and DIPEA as a base for the activation of acid group resulting in the formation of 

dipeptide 9. The NHFmoc group in 9 was deprotected using 20% piperidine in 

DMF to afford free amino group in the dipeptide chain 9 which was coupled with 

the CA IX targeting ligand 6 to afford the targeting ligand attached peptide chain 
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10. The ligand conjugated PEG spacer 10 was cleaved from the resin with the help 

of TFA/EDT/TIS/H2O cleavage cocktail (92.5:2.5:2.5:2.5) to afford 11 in 68% 

yield. The targeted bioconjugate 11 with free amino group would be attached later 

to a fluorescent reporter, Bodipy, to detect hypoxic tumors in an early stage which 

is currently in progress in our laboratory (Scheme 4). 

 

 
 

Scheme 4.  Synthesis of CA IX targeted Bodipy conjugate containing PEG spacer 

for drug delivery applications 

 

4.3 Synthesis of CA IX targeted ligand conjugate 16 with cysteine terminus 

for attaching functionalized iron oxide nanoparticles 

With the aim of detection and treatment of hypoxic tumors using releasable 

iron oxide nanoparticles by the principle of MRI and hyperthermia we begin the 
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synthesis of bioconjugate linker 16 which can be later attached to iron oxide 

nanoparticles. The iron oxide nanoparticles can be used both as MRI contrast agent 

as well as therapeutic agent to target hypoxic tumors overexpressing CA IX 

receptors. First, we plan to conjugate the targeting ligand 6 with appropriate 

peptidic spacer using solid phase peptide synthesis (SPPS) methodology to prepare 

the biconjugate linker 16 with cysteine terminus that can be attached to 

functionalized iron nanoparticles.  

 

 

Scheme 5. Synthesis of CA IX targeted ligand conjugate 16 with cysteine 

terminus for attaching functionalized iron oxide nanoparticles 

 

Briefly, the free amine group of H-Cys(Trt)-2-chlorotrityl resin 12 was coupled 

with the carboxylic acid group of the PEG linker 9 using HATU as coupling reagent 

and DIPEA as a base for the activation of acid group to afford a dipeptide 13. The 

NHFmoc group in the dipeptide 13 was deprotected using 20% piperidine in DMF 



22 
 

to afford free amino group in the dipeptide 14 which was coupled with CA IX 

targeting ligand 6 to afford targeting ligand attached peptide conjugate 15. The 

cleavage of targeted ligand conjugate 15 from the resin was carried out using a 

cleavage cocktail of TFA/EDT/TIS/H2O (92.5:2.5:2.5:2.5) to obtain the 

bioconjugate linker 16 in a good yield of 62% (Scheme 5). 

 

4.4 Synthesis of functionalized self-immolative disulfide iron oxide 

nanoparticles 20 and conjugation with CA IX targeted bioconjugate 16 

Iron oxide nanoparticles 17 prepared by standard procedure as described 

below will be coated with silica to produce mag@silica iron oxide nanoparticles 

which will be functionalized with 3-aminopropyltriethoxysilane (APTES) 

silanizating agent to afford surface functionalized iron nanoparticles 18. The free 

amino group in 18 will be conjugated with NHS ester 19 of 3-(pyridin-2-

yldisulfanyl)propanoic acid 24 to provide disulfide activated iron oxide 

nanoparticles 20 (Scheme 6). 

 

 

Scheme 6. Synthesis of disulfide activated iron oxide nanoparticles 20 and its 

conjugation with CA IX targeted hydrophilic cysteine linker 16 

 

4.4.1 Synthesis of N-succinimidyl-3-(2-pyridyldithio)propionate 19 
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N-Succinimidyl-3-(2-pyridyldithio)propionate (SPDP) 19 was prepared by 

following a two-step procedure as shown in scheme 7. First, 3-mercaptopropanoic 

acid was reacted with dipyridyl disulfide 22 by a thiol-disulfide exchange in a 

solution of anhydrous ethanol under the acetic acid condition to afford 3-(2-

pyridyldithio)propanoic acid 19 in 72% yield. The side reaction of 19 undergoing 

thio-disulfide exchange with 3-mercaptopropanoic acid was completely suppressed 

by using a 2-fold molar excess of 22. The pyridyldithiopropionic acid 24 was then 

converted to 19 by esterification with N-hydroxysuccinamide using N,N-

dicyclohexylcarbodiimide (DCC) in 70% yield after column purification (Scheme 

7).  

 

 

Scheme 7. Synthesis of N-succinimidyl-3-(2-pyridyldithio)propionate 19 

 

4.4.2 Synthesis of supermagnetic iron oxide nanoparticles 17 and surface 

functionalization to 18 for bioconjugation 

 

The supermagnetic iron oxide nanoparticles 17 were prepared by co-precipitation 

method using various reaction conditions (Scheme 8, Eq.1-4). However, the iron 

oxide nanoparticles prepared are unstable under aerobic condition and gets oxidized 

to Fe2O3 resulting in agglomeration.  
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Scheme 8. Optimized reaction conditions for the preparation of iron oxide 

nanoparticles 17 

 

The better method to prevent the oxidation and agglomeration is to coat the surface 

of iron oxide nanoparticles with silica. APTES (3-aminopropyltriethoxy silane) is 

widely used for the surface functionalization of iron oxide nanoparticles. Initially 

the surface of the unstable iron oxide nanoparticles was coated with silica as per 

patented procedure (confidential) reported from the research group of Andreas et 

al in Leibniz University of Hannover, Germany, to produce mag@silica iron oxide 

nanoparticles and later functionalized using APTES to form surface functionalized 

mag@silica nanoparticles (Scheme 9). The surface functionalized mag@silica 

nanoparticles will be used for further conjugation to CA IX targeted bioconjugate 

with cysteine terminus 16 to afford 21 which is currently underway in our 

laboratory (Scheme 9).     
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Scheme 9. Surface modification of mag@silica iron oxide nanoparticles with 

APTES to form surface functionalized iron oxide nanoparticles 18 
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Chapter 5 

Conclusion 

In this research work, we have successfully synthesized a new sulfonamide   CA 

IX targeting ligand 6 in three-steps with 32% yield. The CA IX targeting ligand 6 

was conjugated with appropriate peptidic spacer using solid phase peptide synthesis 

(SPPS) methodology and the biconjugate linker 11 was prepared in good yield 

which could be attached to a fluorescent reporter, Bodipy, for drug delivery 

applications to hypoxic tumors over-expressing CA IX receptors. 

Also, for the detection and treatment of hypoxic tumors using releasable iron oxide 

nanoparticles by the principle of MRI and hyperthermia, we have also synthesized 

a bioconjugate linker 16 using SPPS methodology which can be later attached to 

iron oxide nanoparticles. The iron oxide nanoparticles can be used both as MRI 

contrast agent as well as therapeutic agent to target hypoxic tumors overexpressing 

CA IX receptors. 

In addition, iron oxide nanoparticles 17 were prepared by standard procedure as 

described before and coated with silica to produce mag@silica iron oxide 

nanoparticles. The silica coated iron oxide nanoparticles were also functionalized 

with 3-aminopropyltriethoxysilane (APTES), a silanizating agent, to provide 

surface functionalized iron oxide nanoparticles 18.  

The surface functionalized iron oxide NP’s 18 would be converted to disulfide 

activated iron oxide nanoparticles 20.  Disulfide activated iron oxide nanoparticles 

20 would be conjugated with CA IX targeted hydrophilic cysteine linker 16 to give 

the releasable iron oxide nanoparticle CA IX bioconjugate 21 for detection and 

treatment of hypoxic tumors in future. 
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APPENDIX–A 

1H, 13C, 19F NMR and Mass Spectra 

 

Figure 2. 1H NMR spectrum of pentaflourobenzene sulfonamide 2 in DMSO-d6 

 

Figure 3. 19F NMR spectrum of pentaflourobenzene sulfonamide 2 in DMSO-d6 
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Figure 4. 13C NMR spectrum of pentaflourobenzene sulfonamide 2 in DMSO-d6 
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Figure 5. IR spectrum of pentaflourobenzene sulfonamide 2 
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Figure 6. 1H NMR spectrum of 4-aminocaprylictetraflourosulfonamide 4 in 

DMSO-d6 

  

Figure 7. 13C NMR spectrum of 4-aminocaprylictetraflourosulfonamide 4 in 

DMSO-d6 
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Figure 8. 19F NMR spectrum of 4-aminocaprylictetraflourosulfonamide 4 in 

DMSO-d6 
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Figure 9. IR spectrum of 4-aminocaprylictetraflourosulfonamide 4 
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Figure 10.  HR-MS of 4-aminocaprylictetraflourosulfonamide 4 
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Figure 11. 1H NMR spectrum new small molecule ligand to target CA IX receptor 

6 in DMSO-d6   

 

 

Figure 12. 13C NMR spectrum of new small molecule ligand to target CA IX 

receptor 6 in DMSO-d6  
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Figure 13. 19F NMR spectrum of new small molecule ligand to target CA IX 

receptor 6 in DMSO-d6 
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 Figure 14. HR-MS of new small molecule ligand to target CA IX receptor 6  
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Figure 15. 1H NMR spectrum of CA IX targeting ligand 6 conjugated PEG spacer 

11 in DMSO-d6 

 

 

Figure 16. 19F NMR spectrum of CA IX targeting ligand 6 conjugated PEG spacer 

11 in DMSO-d6 
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Figure 17. HR-MS of CA IX targeting ligand 6 conjugated PEG spacer 11 in 

DMSO-d6 
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Figure 18. HR-MS of CA IX targeting ligand 6 tethered cysteine linker 16  
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Figure 19. 1H NMR spectrum of N-succinimidyl-3-(2-pyridyldithio) propionate 19 

in CDCl3 

 

 

Figure 20. 13C NMR spectrum N-succinimidyl-3-(2-pyridyldithio) propionate 19 

in CDCl3 
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