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ABSTRACT 

 

The adhesion of leukocytes to vascular endothelium is a hallmark of the 

inflammatory process, which play a crucial role in multiple sclerosis (MS), ischemic 

stroke, and HIV-related dementia. Consequently, diagnoses of this activation are 

highly desirable. The conventional imaging techniques fail to diagnose the symptom, 

due to the weak permeability of the molecules through blood brain barrier (BBB). 

Hence, the delivery of imaging molecules across the BBB is still a major challenging 

aspect for presymptomatic diagnosis.  Herein, we present the design and synthesis 

of sulfate-lewisx functionalized nanoparticles that allow direct detection of endothelial 

marker E and P-selectin in acute inflammation. We designed silica-coated iron oxide 

core, which exhibits superparamagnetic and also provided multiple copies of 

carbohydrate to increase the avidity during specific carbohydrate-protein 

interactions. Magnetic resonance imaging studies of these nanoparticles are 

expected to target E and P selectin in the ischemic brain and potential for translation 

into the clinic. 
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INTRODUCTION 

A stroke is caused by sudden interruption of the blood supply to the tissue. 

According to the World Health Organization, 15 million people suffer strokes 

worldwide each year. Of these, five million die and another five million are 

permanently disabled1. The most common type of stroke, the ischemic stroke, 

accounts for almost 85% of all strokes while the other 15% are hemorrhagic 

strokes2. Ischemic stroke occurs when an artery to the brain is blocked. When an 

artery is obstructed, the blood supply to an area of brain is stopped, leading to 

ischemia (lack of oxygen) and eventually necrosis (death of the tissue). If the artery 

remains blocked for more than a few minutes, the brain cells die via a series of 

events, the so-called ischemic 

cascade3-5.Therefore, imaging these 

processes would provide valuable 

information on the symptoms and 

plan treatments more efficiently. 

Different targeting agents and 

fluorescent probes have been 

proposed for imaging the ischemic 

stroke. Among them biocompatible selectin specific carbohydrate ligands conjugated 

glyco-probes are promising, since they contribute to signalling, adhesion, and 

recognitions processes of the extra-cellular domain6 .Recently, Davis group has 

shown in vivo imaging of artificial brain disease using carbohydrate-protein 

interactions7. Host response to injury or disease induces up-regulation of the 

carbohydrate-binding trans-membrane proteins CD62E (E-selectin) and CD62P (P-

selectin) at the sites of inflammation in the brain, offering the opportunity to act as an 

ideal diagnostic marker. Iron nanoparticles were coated with Sialyl Lewisx (SiaLex) –

a targeting vector for CD62 followed by intravenous injection in the tail vein to 

visualize inflammation in the brain. In this work, selectin expression on activated 

endothelium in the brain was induced by microinjection of interleukin-1 (IL-1) into the 

left striatum of the rat. Since the artificial inflammation was used, it is unclear if one 

can extrapolate to the particular disease (i.e. ischemic stroke). To address this issue, 

Healthy Brain Diseased 

Brain Figure: 1 Stroke caused by the blockade in brain 
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Seeberger et al.8 used intraluminal thread (ILT) techniques to develop ischemic 

stroke mouse model. This involved the insertion of an occluding device into the 

internal carotid of the mice. The thread was removed from a mouse model of middle 

cerebral artery occlusion (MCAO) after 60 mins. Depending on the length of 

occlusion, the severity of the reduction in blood flow, and the collateral supply 

resulting impacts was located either in cortical and subcortical regions. Though 

these results provided valuable insights into the ischemic strokes, the weak blood 

brain barrier (BBB) permeability of these nanoparticles and non-specific binding 

affinity between SiaLex-selectin resulted in undesired background signal and limiting 

its application in translation research. Herein, we proposed to synthesize a duel 

functional iron nanoparticles carrying sulfate-lewisx ligand and B6 peptides as a 

promising candidate with a potential to improve the BBB permeability 9, 10 and target 

the specific site more efficiently. 

Objective: 

The main objective of this work was to develop a series of hybrid iron nanoparticles 

carrying BBB targeting peptides and E/P-selectin targeting sugar unit. Magnetic 

resonance imaging (MRI) studies of these nanoparticles could yield valuable tool for 

early treatment of ischemic stroke. 

The particular aims are: 

1. Design and synthesis of sulfated-lewisx and lewisa derivatives 

2. Synthesis of iron nanoparticles with superparamagnetic  nature 

3. Bio-conjugation of sugar and B6 peptides in different stoichiometric ratio. 

4. Evaluate the sequestration and bio-distribution of these nanoparticles in 

normal   and ischemic stroke mouse model. 
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RESULTS & DISCUSSION 

Synthesis of Sulfated Lex/a  

Our strategy for detection of E and P-selectin exploited their affinity for sulfate-

lewisx/a carbohydrate ligands11-14. Hence, we synthesized four tri-saccharides with 

linker amine functional to conjugate on IONP’s (Figure 1). These glycan’s were 

chemically synthesized from three important building blocks derived from D-

Galactose, L-Fucose and D-Glucosamine respectively.  

Figure: 2 Target molecules- lewisx/a carbohydrate ligands 

Recently several elegant and high yielding synthetic strategies have been reported 

for the synthesis of the monomeric building blocks15-20. We have employed the same 

methods in our synthesis. Techniques like 1H, 13C, DEPT, HSQC, COSY NMR, 

MALDI-TOF and HRMS were used to the characterization the intermediates and 

final compounds. 

Synthesis of Galactose Building Block: 

 

  

 

Scheme: 1 Synthesis of Galactose Donor 

Reagents: a) Ac2O, Py, 0 ⁰C to rt, 12h, 90% ; b) DMAPA, THF, rt, 2 h, 65% ; c) 

CCl3CN, DBU, DCM, rt, 1 h, 75%. 
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Commercially available D-Galactose (G0) was used to prepare the required building 

block G3 in three steps. In the first step all the hydroxyl groups of D-galactose were 

protected with base labile acetyl group using pyridine as a base and acetic 

anhydride as a reagent. Once the reaction was completed excess solvents were 

removed and subsequent precipitation in diethyl ether yielded 90% of G1 as a white 

solid. The obtained compound G1 was dissolved in THF and the anomeric acetyl 

group was selectively deprotected by using N,N’-dimethyl amino propyl amine21 

(DMAPA) .The excess reagent was removed by extracting the compound with 1N 

HCl to yield 65% of G2 as a semi solid. Finally, compound G2 was dissolved in dry 

DCM and mixed with DBU & CCl3CN at rt. The clear solution turned into blackish 

liquid indicating the completion of reaction. Excess solvents were evaporated and 

purified by silica column chromatography. Further co-precipitation in hexane yielded 

75% of desired galactose building block G3 as a white solid. The singlet at 8.66 ppm 

corresponds to  NH proton of G3 and the doublet at 6.6 ppm and J = 3.4 Hz in 1H 

NMR corresponds α-conformation of the sugar, which was further supported by 13C 

NMR peak at 94ppm. 

Synthesis of Fucose Building Block: 

 

 

 

Scheme: 2 Synthesis of Fucose Donor 

Reagents: a) Ac2O, Py, 0 ºC to rt, 12 h, 90% ; b) p-Thiocresol, BF3.Et2O, Dry DCM, 

0º C to rt, 12 h, 85% ; c) NaOMe, MeOH:DCM (1:1), rt, 2 h, 90% ; d) BnBr, NaH, 

DMF, 0 ºC to rt, 6 h, 75%. 

Commercially available L-Fucose (F0) was used to prepare the required building 

block F4 in four steps. In the first step, all the hydroxyl groups of L-fucose were 

protected with base labile acetyl group using pyridine and acetic anhydride as a 

solvent and reagent respectively. Once the reaction was completed excess solvents 

was removed and subsequent precipitation in diethyl ether yielded 90% of F1 as a 

white solid. The resulting compound was then dissolved in Dry DCM and p-
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thiocresol was added and stirred at 0 ºC, subsequently mild Lewis acid BF3.Et2O 

was added dropwise to the reaction mixture and stirred at 0 ºC for 12 h and once the 

reaction was completed, the reaction mixture was quenched and extracted with 

NaHCO3 and purified by column chromatography to yield 85% of F2 as a white solid. 

The presence of two doublets at 7.41 ppm & 7.12 ppm in aromatic region and a 

singlet at 2.34 ppm indicates the incorporated thio-cresol moiety into the molecule 

and doublet at 4.63 ppm with coupling constant J = 9.9Hz in 1H NMR corresponds to 

β-conformation of the sugar which is also further confirmed by the peak at 86.9 ppm 

in 13C NMR. The compound F2 was then dissolved in equi-volume mixture of 

methanol and dichloromethane and acetyl groups were deprotected by using 

NaOMe. The disappearance of three singlets at 1.97 ppm, 2.09 ppm, 2.14 ppm in 1H 

NMR and C=O peaks at 170.65 ppm, 170.15 ppm, 169.51 ppm and acetyl CH3 

peaks at 20.9 ppm, 20.65 ppm, 20.68 ppm in 13C NMR confirmed the formation of 

the desired product F3. Finally, F3 was benzylated and purification by silica gel 

column chromatography yielded 75% of desired fucose building block F4 as a white 

solid. The doublet at 4.55 ppm with coupling constant J = 9.6 Hz in 1H NMR 

corresponds to β-conformation of the sugar which is also further confirmed by the 

peak at 87.88 ppm in 13C NMR indicating that the conversion from F2 to F4 have not 

hindered the configuration of the anomeric position. 

Synthesis of Glucosamine Building Block: 

 

 

 

 

Scheme: 3 Synthesis of Glucosamine building blocks for Lex & Lea 

Reagents: a) TrocCl, NaHCO3, THF:H2O (1:20), 0 ºC to rt, 6 h, 95%; b) Ac2O, Py, 0 

ºC to rt, 12 h, 92% ; c) p-Thiocresol, BF3.Et2O, Dry DCM, 0 ºC to rt, 12 h, 85% ;                   

d) NaOMe, MeOH:DCM (1:1), 0 ºC, 2 h, 86% ; e) Ph(OMe)2, CSA, ACN, rt, 1 h, 

80%; f) FmocCl, Py:DCM (3:2), 0 ºC to rt, 3 h, 80% ; g) Et3SiH, TFA, Dry DCM, 0 ºC 

to rt, 1 h, 83%. 
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Glucosamine building block A7 was readily synthesized from commercially available 

D-Glucosamine by protection of C-2 amine with 2, 2, 2-trichloro ethyl chloroformate 

(Troc) and hydroxyl groups with acetyl group, yielding 92% of two non-separable 

diastereomers as a white solid. The anomeric acetyl group was substituted with p-

thiocresol in presence of mild lewis acid BF3.Et2O resulting in 85% of A3 as white 

solid in β-confirmation at the anomeric position which was confirmed by 1H & 13C 

NMR. The obtained protected sugar A3 was then subjected to de-acetation under 

basic conditions at 0 ºC resulting in 90% of A4 as white solid. Furthermore, the C-4 

and C-6 hydroxyl group of A4 was protected with benzaldehyde dimethyl acetal and 

CSA as reagents in acetonitrile solvent to afford 80% of A5 as white solid which was 

confirmed by the singlet at 5.53 ppm for the benzylidine proton and a doublet at 4.86 

ppm of anomeric proton with coupling constant J = 10.3 Hz indicating the product is 

in beta confirmation in 1H NMR. Finally, C-3 hydroxyl group of A5 was protected with 

base labile carbamate protecting group FmocCl so that the C-4 hydroxyl group can 

be accessible further. The selective ring opening of benzylidine in A6 with Et3SiH & 

TFA yielded 83% of desired building block A7 as white solid which was used for 

further reactions.   

Synthesis of Lex and sulfated Lex: 
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Scheme 4: Synthesis of Lex & SLex Tri-Saccharides 

Reagents: a) NIS, TfOH, Dry DCM, -20 ºC, 1 h, 85% ; b) TMSOTf, Dry DCM, -78 ºC 

to rt, 3 h, 45% ; c) Et3N, DCM, rt, 2 h, 95% ; d) NIS, TfOH, Dry DCM, -40 ºC, 0.5 h, 

70% ; e)  i) LiOH.H2O, EtOH:H2O (3:2) , 80 ºC, 6 h ; ii)  Ac2O, NaHCO3, MeOH:H2O 

(1:1) , rt, 3 h ; f) H2, Pd/C, MeOH, rt, 10 h ; g)  i)  Bu2SnO, MeOH, Relux, 2 h; ii) 

SO3.Py, THF, rt, 40 h ; h) H2, Pd/C, MeOH, 15 ºC, 1 h. 

The synthesis of the Lex was achieved by step-by-step glycosylation of G3 and F4 

donors with A7a acceptor (scheme 4) The anomeric thio cresol of A7 was replaced by 

linker L1 using NIS & TfOH as an activator and promoter respectively at -20 ⁰C 

resulting in 85% of A7a as white solid, which was further subjected to glycosylation 

reaction with the galactose donor G3 yielding 45% of product  as a mixture of 

required compound A7b (90%) and Galactose-OH (10%) which couldn’t be separated 

by silica gel column chromatography. (Determined by NMR). This mixture was then 

dissolved in DCM and the carbamate protecting group (Fmoc) was deprotected by 

using Et3N.Purification of this crude compound has yielded 95% of required product 

A7c which was characterized by 1H, 13C, COSY to determine that the newly formed 

glyosidic bond was in beta conformation. Further fucose donor F4 was reacted with 

the obtained disaccharide acceptor A7c resulting in 70% of Lex trisaccharide A7d in 

protected form as white solid. 
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Synthesis of Lea and sulfated Lea: 

 

  

 

 

 

 

 

 

 

 

 

Scheme 5: Synthesis of Lea & SLea Tri-Saccharides 

Reagents: a) NIS, TfOH, Dry DCM, -20 ºC, 1 h, 70% ; b) TMSOTf, Dry DCM, -78 ºC 

to rt, 3 h, 52% ; c) Et3SiH, TFA, Dry DCM, 0 ºC to rt, 1 h, 65% ; d) NIS, TfOH, Dry 

DCM, -40 ºC, 0.5 h ; e) i) LiOH.H2O, EtOH:H2O (3:2) , 80 ºC, 6 h ; ii) Ac2O, NaHCO3, 

MeOH:H2O (1:1) , rt, 3 h ; f) H2, Pd/C, MeOH, rt, 10 h ; g) i) Bu2SnO, MeOH, Relux, 

2h ; ii)  SO3.Py, THF, rt, 40 h ; h) H2, Pd/C, MeOH, 15 ºC, 1 h. 

The synthesis of the Lea was achieved by step-by-step glycosylation of G3 and F4 

donors with A5a acceptor (scheme 5) The anomeric thio cresol of A5 was replaced by 

linker L1 using NIS & TfOH as an activator and promoter respectively at -20 ⁰C 

resulting in 70% of  A5a as white solid, which was further subjected to glycosylation 

reaction with the galactose donor G3 resulting in 52% of the product as a mixture of 

the required compound A5b (80%) and Galactose-OH (20%) which couldn’t be 

separated by silica gel column chromatography (determined by NMR). This mixture 

was then dissolved in dry DCM and the 4-6 benzylidine ring was subjected to 

reductive ring opening in the presence of Et3SiH and TFA to yield 65% of required 

disaccharide A5c as white solid which was characterized by 1H, 13C, COSY to 
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determine that the newly formed glyosidic bond was in β-conformation. Further 

fucose donor F4 will be reacted with the obtained disaccharide A5c acceptor to 

achieve the Lea trisaccharide A5d in protected state similar to A7d. 

Synthesis of Iron Glyco Nano Particles: 

 

 

 

 

 

 

 

 

 

 

Scheme: 6 Synthesis of IONP’s 

Reagents: a) 1.5M NaOH ; b) i) TEOS, EtOH:H2O (4:1), 50 ºC, 12 h ; ii) APS, 

DMF:Toluene (3:2), rt, 24 h ; c) Succinic anhydride, DCM:Py (1:1), rt, 18 h ; d) i) 

NHS, EDC, DMF, rt, 18 h ; ii) Amine, Et3N, DMF, rt, 48 h ; iii) Ethanolamine, DMF, rt, 

4 h. 

Synthesis of the Glyco-IONPs was achieved by co-precipitation method in basic 

conditions slightly modified from the literature protocol22-24. Commercially available 

FeCl2 (0.5 g, 3.94 mmol) and FeCl3 (1.28 g, 7.89 mmol) were mixed in deionized & 

deoxygenated water in the molar ratio of 1:2.This orange colour solution was added 

dropwise into 1.5 M NaOH solution with vigorous stirring (PH=11-12) for 20 min. 

Once the black precipitate was obtained the magnetic nature of the particles was 

checked by using an external magnet. The solution was washed with deoxygenated 

& deionized water 3-4 times and once with ethanol by using magnetic separation 

and centrifugation. The obtained sample was dried under vacuum to obtain naked 
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Fe3O4 particles. Small amount was separated for analysis. Rest of the sample was 

dispersed in a solution of Ethanol: Water (4:1) and PH was adjusted to 9 by addition 

of NaOH solution. TEOS (3 ml) was then added to the flask and stirred at r.t for 10 h 

and at 50 ⁰C for additional 12 h. The sample was washed with water and ethanol 

several times and dried under vacuum resulting in silica coated iron oxide 

nanoparticles. A small amount was separated for analysis and the rest sample was 

washed with DMF once and then dispersed in a mixture of DMF:Toluene (3:2) and 

APS (5 ml) was then added dropwise and stirred at r.t for 24 h. Obtained sample 

was subjected to washings with excess toluene, centrifuged, dried to obtain the 

amine coated Iron Oxide nanoparticles. These nanoparticles would be converted 

into acid functional by addition of succinic anhydride in DCM:pyridine (1:1) mixture. 

Further activation of these COOH-MNP’s with N-hydroxy succinamide, EDC and 

reacting with respective carbohydrate compound will yield the required IONP’s. 

Unreacted sites on the nanoparticle surface will be capped with ethanol amine.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 3 (a) MNP-core; (b) MNP-SiO2; (c) MNP-NH2. 

(a) 

2 

3 

(b) 

(C) 
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MATERIALS 

 

 

 All chemicals were purchased from sigma Aldrich, Spectrochemicals and alfa 

aeser. 

 1H, 13C & DEPT were recorded on JEOL 400 MHz and Bruker 400 MHz with 

TMS as internal standard. Chemical shifts were expressed in ppm units 

downfield from TMS. 

 ESI HRMS data was recorded on Waters Synapt G2 spectrometer. 

 All reactions were monitored by Thin Layer Chromatography (TLC) carried out 

  on 0.25 mm E-Merck silica gel plates (60F-254) with UV-light and staining with 

CAM, ninhydrin and KMnO4. 

 All reactions were carried out under nitrogen atmosphere with dry solvents 

purchased from Merck and Finar unless specified. 

 All solvent evaporations were carried out under reduced pressure on Heidolph 

rotatory evaporator below 40⁰C unless otherwise specified. 

  Silica gel (100 -200) & (60-120) mesh was used for column chromatography. 
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EXPERIMENTAL PROCEDURES 

Compound G1: Commercially available D-(+)-Galactose (50 g, 277.5 mmol) was 

dissolved in pyridine (269 ml, 3.33 mol) and acetic anhydride (157ml, 1.66mol) was 

added to the reaction flask by dropping funnel at 0 ⁰C and stirred to r.t for 12 h. After 

the completion of the reaction excess solvents were evaporated under reduced 

pressure and the reaction mixture was co-evaporated by using toluene (250 ml x 3) 

and dried under vacuum which was precipitated in diethyl ether to afford required 

compound G1 as white powdered solid which was used without further purification. 

Yield: (90%, 97.4 g).  

Compound G2: The vacuum dried compound G1 (10 g, 25.6 mmol) was dissolved in 

THF (50 ml) and DMAPA (4.8 ml, 38.46 mmol) was added to it and stirred for 2 h at 

r.t (TLC). After completion of the reaction the excess solvents were evaporated 

under reduced pressure and the resulting reaction mixture was extracted with 1M 

HCl and brine. The combined organic layers were dried under anhydrous Na2SO4 

and concentrated under reduced pressure to afford required compound G2 as white 

semi solid which was used without further purification. Yield: (65%, 5.8 g). 

Compound G3: The vacuum dried compound G2 (5.8 g, 16.66 mmol) was dissolved 

in anhydrous DCM and DBU (0.75ml, 5mmol) was added to the reaction flask 

followed by CCl3CN (6.7 ml, 66.66 mmol) and stirred under nitrogen atmosphere for 

1 h. After completion of the reaction excess solvents were evaporated and purified 

by silica gel column chromatography (EtOAc: Hexane) with 0.01% Et3N in mobile 

phase to afford required compound G3 as a white solid after precipitation in hexane.  

Yield: (75%, 6.15 g).  

Compound F1: Commercially available L-(-)-Fucose (2 g, 12.18 mmol) was 

dissolved in pyridine (9.8 ml, 121.18 mmol) and acetic anhydride (5.75 ml, 61 mmol) 

was added to the reaction flask by dropping funnel at 0 ⁰C and stirred to r.t for 12 h. 

After the completion of the reaction excess solvents were evaporated under reduced 

pressure and the reaction mixture was co-evaporated by using toluene (10ml x 3) 

and dried under vacuum which was precipitated in diethyl ether to afford required 

compound F1 as white powdered solid which was used without further purification. 

Yield: (80%, 3.2 g).  
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Compound F2: The vacuum dried crude compound F1 (3.2 g, 9.6 mmol) was 

dissolved in anhydrous DCM and stirred at 0 ⁰C .p-thiocresol was then added to the 

reaction flask at 0 ⁰C and stirred for 20 min.BF3.Et2O was added to the reaction 

mixture by dropping funnel and stirred to r.t for 12 h under nitrogen atmosphere 

resulting in a pinkish solution. The reaction mixture was then neutralized by adding 

Et3N and extracted by using saturated NaHCO3 solution and brine. The combined 

organic layers were dried under anhydrous Na2SO4, concentrated under reduced 

pressure and purified by silica get column chromatography (EtOAc: Hexane) to 

afford required compound F2 as a white solid. Yield: (85%, 3.24 g).  

Compound F3: The vacuum dried compound F2 (3.24 g, 8.2 mmol) was dissolved in 

an equi-volume mixture of MeOH (10 ml) and DCM (10 ml). NaOMe (2 g, 37 mmol) 

was then added to the reaction flask and stirred at r.t for 2h.After the completion of 

the reaction the reaction mixture was neutralized by IR 120 H+ resin. Excess 

solvents were evaporated and resulting crude compound was purified by silica gel 

column chromatography (MeOH: CHCl3) to afford required compound F3 as white 

solid. Yield: (90%, 1.96 g).  

Compound F4: The vacuum dried compound F3 (1.96 g, 7.27 mmol) was dissolved 

in anhydrous DMF and stirred at 0 ⁰C for 10 min. NaH (60 %, 3.6 eq) was then 

added to the reaction flask at 0 ⁰C and stirred under nitrogen atmosphere for another 

10  min. BnBr was then added dropwise at 0 ⁰C and stirred to r.t for 12 h. After the 

completion of the reaction it was quenched with few drops of MeOH and the excess 

solvents were evaporated under reduced pressure. The resulting residue was 

extracted with brine and the organic layer was dried under anhydrous Na2SO4 and 

concentrated under reduced pressure. The obtained crude compound was purified 

by silica gel column chromatography (EtOAc: Hexane) to afford required compound 

F4 as a white solid. Yield: (75%, 2.94 g).  

Compound L1: Commercially available 2-(2-Chloroethoxy) ethanol (20 g, 0.16 mol) 

was dissolved in water and NaN3 (15.6 g, 0.24 mol) was added to it and the reaction 

flask was stirred at reflux conditions (100 ⁰C) for 48 h. After completion of the 

reaction the reaction mixture was extracted with excess of EtOAc (500 ml x 5) and 

brine (50 ml x 2). The combined organic layers were dried under anhydrous Na2SO4 

and concentrated under reduced pressure. The crude compound was purified by 
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silica gel column chromatography (EtOAC: Hexane) to afford the required linker 

compound L1 as transparent liquid. Yield: (85%, 18 g).  

Compound A1: Commercially available D-(+)-Glucosamine hydrochloride (25 g, 116 

mmol) was added to a stirred mixture of NaHCO3 (24.3 g, 290 mmol) and water (400 

ml) at 0 ⁰C. TrocCl (16 ml, 117 mmol) which was pre-dissolved in THF (20 ml) was 

added into the reaction flask by using dropping funnel and stirred to r.t for 6 h 

resulting in a while foam like precipitate which was filtered by buchner flask and 

washed with cold diethyl ether to remove the excess reagent. The obtained white 

solid was then co-evaporated with toluene (150 ml x 3) and dried under vacuum to 

afford required compound A1 as white powder which was used without further 

purification. Yield: (95%, 39 g). 

Compound A2: The vacuum dried crude compound A1 (39 g, 110 mmol) was 

dissolved in pyridine (89 ml, 1.1 mol) and acetic anhydride (52 ml, 0.55 mol) was 

then added to the reaction flask by dropping funnel at 0 ⁰C and stirred to r.t for 12 h. 

Excess solvents were evaporated under reduced pressure and co-evaporated by 

using toluene (200 ml x 3) and dried under vacuum to afford required compound A2 

as white solid which was used without further purification. Yield: (92%, 52 g).  

Compound A3: The vacuum dried crude compound A2 (52 g, 100 mmol) was 

dissolved in anhydrous DCM and stirred at 0⁰C. p-thiocresol (13.6 g, 109 mmol) was 

then added to the reaction flask at 0 ⁰C and stirred for 20 min.BF3.Et2O (28 ml, 229 

mmol) was then added to the reaction mixture by dropping funnel and stirred to r.t 

for 12 h under nitrogen atmosphere resulting in a pinkish solution. The reaction 

mixture was then neutralized by adding Et3N and extracted by using saturated 

NaHCO3 solution and brine. The combined organic layers were dried under 

anhydrous Na2SO4, concentrated under reduced pressure and purified by silica gel 

column chromatography (EtOAc: Hexane) to afford required compound A3 as white 

solid. Yield: (85%, 49 g).  

Compound A4:  The vacuum dried compound A3 (20 g, 34 mmol) was dissolved in 

an equi-volume mixture of MeOH (50 ml) and DCM (50 ml) and stirred at 0 ⁰C. 

NaOMe (829 mg, 15 mmol) was then added to the reaction flask and stirred at 0 ⁰C 

for 1 h while monitoring with TLC. After the completion of the reaction the reaction 

mixture was neutralized by using IR 120 H+ resin. Excess solvents were evaporated 
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and resulting crude compound was purified by silica gel column chromatography 

(MeOH: CHCl3) to afford required compound A4 as white solid. Yield: (86%, 13 g).  

Compound A5: The vacuum dried compound A4 (13 g, 28 mmol) was dissolved in 

ACN (75 ml) and Ph(OMe)2 (8.9 ml, 60 mmol) was added to the flask subsequently, 

after stirring for few minutes CSA (1.96 g, 8.5 mmol) was added to the reaction flask 

and stirred for 1 h under nitrogen atmosphere resulting in formation of turbid solution 

indicating the completion of the reaction. The reaction mixture was dissolved in 

EtOAc and extracted with NaHCO3 and brine. The combined organic layers were 

dried under anhydrous Na2SO4 and the solvents were evaporated under reduced 

pressure. The resulting crude compound was purified by silica gel column 

chromatography (EtOAc: CHCl3) to afford required compound A5 as white solid. 

Yield: (80%, 12.4 g). 

Compound A5a: The vacuum dried compounds A5 (4.0 g, 7.3 mmol) and L1 (1 g, 

7.65 mmol) with activated 4 A⁰ MS were dissolved in anhydrous DCM (160 ml) and 

stirred at r.t for 1 h under nitrogen atmosphere. The reaction flask was then cooled 

to -20 ⁰C and stirred for another 30 min. NIS (2.44 g, 11 mmol) and TfOH (65 µl, 

0.73 mmol) were added to the reaction flask and stirred at -20 ⁰C for 1 h. After 

completion of reaction it was quenched with Et3N, filtered through celite, extracted 

with Na2S2O3, NaHCO3 and brine. The combined organic layers were dried under 

anhydrous Na2SO4 and concentrated under reduced pressure. The crude compound 

was purified by silica gel column chromatography (EtOAc: Hexane) to afford 

required compound A5a as white solid. Yield: (70%, 2.83 g). 

  

Compound A5b: The vacuum dried compounds A5a (360 mg, 0.64 mmol) and G3 

(426.1 mg, 0.86 mmol) with activated 4 A⁰ MS were dissolved in anhydrous DCM (3 

ml) and stirred at r.t for 1h under nitrogen atmosphere. The reaction flask was then 

cooled to -78 ⁰C and stirred for 30min. TMSOTf (20.3 µl,0.112 mmol) was then 

added drop wise as 10% solution in DCM to the reaction mixture at -78 ⁰C and 

warmed to room temperature over a period of 3 h. Quenched with Et3N, filtered 

through celite and extracted with NaHCO3 and brine. The combined organic layers 

were dried under anhydrous Na2SO4 and evaporated under reduced pressure. The 

obtained crude compound was purified by silica gel column chromatography (EtOAc: 
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Hexane) to afford required compound A5b as white solid. Unreacted starting material 

A5a was recovered. Yield: (52%, 297 mg).  

Compound A5c: The vacuum dried compound A5b (100 mg, 0.113 mmol) was 

dissolved in anhydrous DCM and stirred at 0 ⁰C for 10 min. Et3SiH (90 µl,0.565 

mmol) was added to the reaction flask and subsequently TFA (87 µl,1.13 mmol) was 

added drop wise at 0 ⁰C and stirred it to r.t under nitrogen atmosphere. After 

completion of reaction (1 h) the reaction mixture was quenched with dilute NaHCO3 

and extracted with brine and water. The combined organic layers were dried under 

anhydrous Na2SO4 and solvents were evaporated under reduced pressure. The 

crude product was purified through silica gel column chromatography (EtOAc: 

Hexane) to afford required compound A5c as white solid. Yield: (65%, 65 mg). 

Compound A6: The vacuum dried compound A5 (4 g, 7.28 mmol) was dissolved in 

DCM: Pyridine (1:1) mixture and cooled to 0 ⁰C. FmocCl (2.26 g, 8.74 mmol) was 

then added to the reaction flask portion wise for 30 min and stirred to room 

temperature under nitrogen atmosphere for 2-3 h. Upon completion of the reaction 

the solvents were evaporated under reduced pressure and the crude compound was 

purified through silica gel column chromatography (EtOAc: CHCl3) to afford required 

compound A6 as white solid. Yield: (80%, 4.5 g). 

Compound A7: The vacuum dried compound A6 (4.5 g, 5.83 mmol) was dissolved in 

anhydrous DCM and stirred at 0 ⁰C for 10 min. Et3SiH (4.65 ml, 29.1 mmol) was 

added to the reaction flask and subsequently TFA (4.46 ml, 58.35 mmol) was added 

drop wise at 0 ⁰C and stirred it to r.t under nitrogen atmosphere. After completion of 

reaction (1 h) the reaction mixture was quenched with dilute NaHCO3 and extracted 

with brine and water. The combined organic layers were dried under anhydrous 

Na2SO4 and solvents were evaporated under reduced pressure. The crude product 

was purified through silica gel column chromatography (EtOAc: Hexane) to afford 

compound A7 as white solid. Yield: (83%, 3.76 g).  

Compound A7a: The vacuum dried compounds A7 (3.76 g, 4.86 mmol) and L1 (669 

mg, 5.1 mmol) with activated 4 A⁰ MS were dissolved in anhydrous DCM and stirred 

at r.t for 1 h under nitrogen atmosphere. The reaction flask was then cooled to -20 

⁰C and stirred for another 30 min. NIS (1.63 g, 7.29 mmol) and TfOH (43 µl, 0.486 

mmol) were added to the reaction flask and stirred at -20 ⁰C for 1 h. The reaction 
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mixture was quenched with dilute NaHCO3, filtered through celite, extracted with 

Na2S2O3, NaHCO3 and brine. The combined organic layers were dried under 

anhydrous Na2SO4 and concentrated under reduced pressure. The crude compound 

was purified by silica gel column chromatography (EtOAc: Hexane) to afford 

required compound A7a as white solid. Yield: (85%, 3.2 g).  

Compound A7b: The vacuum dried compounds A7a (300 mg, 0.38 mmol) and G3 

(250 mg, 0.51 mmol) with activated 4 A⁰MS were dissolved in anhydrous DCM and 

stirred at r.t for 1 h under nitrogen atmosphere. The reaction flask was then cooled 

to -78 ⁰C and stirred for 30 min. TMSOTf (9.28 µl, 0.05 mmol) was then added drop 

wise as 10% solution in DCM to the reaction mixture and warmed to room 

temperature over a period of 3 h. Quenched with NaHCO3 solution, filtered through 

celite and extracted with NaHCO3 and brine. The combined organic layers were 

dried under Na2SO4 and evaporated under reduced pressure. The obtained crude 

compound was purified by silica gel column chromatography (EtOAc: Hexane) to 

afford the required compound A7b as white solid. Yield: (45%, 192 mg). 

Compound A7c: The vacuum dried compound A7b (530 mg, 0.477 mmol) was 

dissolved in anhydrous DCM and stirred under nitrogen atmosphere. Et3N (2 ml, 

14.32 mmol) was then added to the reaction flask and stirred for 2 h. After the 

completion of the reaction the solvents were evaporated under reduced pressure 

and purified through silica gel column chromatography (EtOAc: Hexane) to afford 

required compound A7c as white solid. Yield: (95%, 400 mg). 

Compound A7d: The vacuum dried compounds A7c (80 mg, 0.09 mmol), F4 (81 mg, 

0.15 mmol) and activated 4A⁰ MS were dissolved in anhydrous DCM and stirred at 

r.t for 1 h under nitrogen atmosphere. The reaction flask was then cooled to -60 ⁰C 

and stirred for 30 min. NIS (50.4 mg, 0.225 mmol) and TfOH (1.33 µl, 0.015 mmol) 

were added to the flask at -60 ⁰C and the flask was warmed to -40 ⁰C and stirred for 

30 min. Quenched with Et3N filtered through celite. Resulting solution was extracted 

with Na2S2O3, NaHCO3 and brine. The resulting organic layers were dried under 

anhydrous Na2SO4 and concentrated under reduced pressure. The crude compound 

was purified by silica gel column chromatography (EtOAc: Hexane) to afford 

required compound A7d as white solid. Yield: (70%, 80 mg). 
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CHARACTERIZATION DATA 

Compound G3:  

1H NMR (400 MHz, Chloroform-d) δ 8.66 (s, 1H), 6.60 (d, J = 3.4 Hz, 1H), 5.56 (dd, 

J = 3.0, 1.1 Hz, 1H), 5.42 (dd, J = 10.8, 3.1 Hz, 1H), 5.36 (dd, 

J = 10.9, 3.5 Hz, 1H), 4.46 – 4.41 (m, 1H), 4.16 (dd, J = 11.3, 

6.6 Hz, 1H), 4.08 (dd, J = 11.3, 6.7 Hz, 1H), 2.17 (s, 3H), 2.03 

(s, 3H), 2.02 (s, 3H), 2.01 (s, 3H). 13C NMR (101 MHz, 

CHLOROFORM-D) δ 170.46, 170.26, 170.24, 170.13, 161.07, 

93.64, 90.88, 69.10, 67.63, 67.48, 67.02, 61.39, 20.82, 20.78, 20.76, 20.70.MALDI-

TOF m/z calculated for [C16H20Cl3NO10+Na]+: 514.0050 found: 513.9841 m/z 

calculated for [C16H20Cl3NO10+K] +: 529.9790 found: 529.9650. 

Compound F2: 

1H NMR (400 MHz, Chloroform-d) δ 7.41 (d, J = 8.1 Hz, 2H), 

7.13 (d, J = 7.9 Hz, 2H), 5.25 (dd, J = 3.4, 1.0 Hz, 1H), 5.20 (t, J 

= 9.9 Hz, 1H), 5.03 (dd, J = 10.0, 3.4 Hz, 1H), 4.63 (d, J = 9.9 

Hz, 1H), 3.80 (qd, J = 6.4, 1.1 Hz, 1H), 2.34 (s, 3H), 2.14 (s, 

3H), 2.09 (s, 3H), 1.97 (s, 3H), 1.23 (d, J = 6.4 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) δ 170.64, 170.16, 169.51, 138.23, 132.94, 129.63, 129.08, 

86.87, 73.13, 72.48, 70.37, 67.43, 21.16, 20.90, 20.68, 20.65, 16.48.HRMS m/z 

calculated for [C19H24O7S+Na]+: 419.1140 found: 419.1137 m/z calculated for 

[C19H24O7S+K] +: 435.0880 found: 435.0883. 

Compound F3: 

1H NMR (400 MHz, Chloroform-d) δ 7.44 (d, J = 8.1 Hz, 2H), 

7.11 (d, J = 7.9 Hz, 2H), 4.45 (d, J = 8.6 Hz, 1H), 3.81 – 3.74 

(m, 1H), 3.63 (dt, J = 5.8, 2.1 Hz, 4H), 3.29 (s, 1H), 2.80 (s, 1H), 

2.33 (s, 3H), 1.88 (s, 1H), 1.33 (d, J = 6.5 Hz, 3H). 13C NMR 

(101 MHz, CDCl3) δ 138.22, 132.96, 129.78, 128.71, 88.82, 

75.11, 74.77, 71.69, 69.82, 21.17, 16.68. HRMS m/z calculated for 

[C13H18O4S+Na]+:293.0823 found: 293.0830. M/z calculated for [C13H18O4S+K]+: 

309.0563 found: 309.0532. 
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Compound F4:  

1H NMR (400 MHz, Chloroform-d) δ 7.49 (d, J = 8.1 Hz, 2H), 

7.42 – 7.27 (m, 15H), 7.02 (d, J = 7.9 Hz, 2H), 5.01 (d, J = 11.6 

Hz, 1H), 4.80 (d, J = 10.2 Hz, 1H), 4.73 (d, J = 9.8 Hz, 3H), 4.67 

(d, J = 11.6 Hz, 1H), 4.55 (d, J = 9.6 Hz, 1H), 3.89 (t, J = 9.4 

Hz, 1H), 3.63 (dd, J = 2.9, 1.0 Hz, 1H), 3.59 (dd, J = 9.2, 2.8 

Hz, 1H), 3.51 (q, J = 6.3 Hz, 1H), 2.30 (s, 3H), 1.26 (d, J = 6.3 Hz, 3H). 13C NMR 

(101 MHz, CDCl3) δ 139.22, 138.92, 138.84, 137.55, 132.64, 130.89, 129.96, 

128.89, 128.81, 128.78, 128.60, 128.41, 128.15, 128.13, 128.03, 127.90, 88.33, 

85.03, 77.61, 77.05, 76.00, 75.01, 73.31, 21.58, 17.77. HRMS m/z calculated for 

[C34H36O4S+Na] +: 563.2232 found: 563.2231.  

Compound L1: 

 1H NMR (400 MHz, Chloroform-d) δ 3.77 – 3.73 (m, 

2H), 3.69 (ddd, J = 7.9, 2.8, 1.3 Hz, 2H), 3.65 – 3.58 

(m, 2H), 3.45 – 3.38 (m, 2H), 2.23 (s, 1H).13C NMR 

(101 MHz, CHLOROFORM-D) δ 72.53, 70.19, 61.89, 50.83. HRMS m/z calculated 

for [C4H9N3O2+Na] +: 154.0592 found: 154.0594. 

Compound A3: 

1H NMR (400 MHz, Chloroform-d) δ 7.41 (d, J = 8.1 Hz, 

2H), 7.12 (d, J = 7.8 Hz, 2H), 5.27 (t, J = 9.8 Hz, 1H), 5.20-

5.15 (m, 1H), 5.02 (t, J = 9.7 Hz, 1H), 4.82 – 4.71 (m, 3H), 

4.15-4.25 (m, 2H), 3,67-3.72 (ddt, J = 10.1, 5.0, 2.6 Hz, 

1H), 3.67 – 3.59 (m, 1H), 2.35 (s, 3H), 2.09 (s, 3H), 2.02 

(s, 3H), 2.01 (s, 3H). MALDI-TOF m/z calculated for [C22H26Cl3NO9S+Na]+: 608.0262 

found: 610.0734 m/z calculated for [C22H26Cl3NO9S+K] +: 624.0031 found: 626.0374. 

Compound A4:  

1H NMR (400 MHz, Methanol-d4) δ 7.40 (d, J = 7.2 Hz, 2H), 

7.11 (d, J = 7.6 Hz, 2H), 4.92 – 4.88 (m, 1H), 4.75 – 4.66 

(m, 2H), 3.86 (dd, J = 12.2, 1.9 Hz, 1H), 3.68 (dd, J = 11.9, 

5.5 Hz, 1H), 3.45 (dt, J = 8.5, 3.9 Hz, 2H), 3.31 (tdd, J = 
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12.5, 9.9, 4.8 Hz, 3H), 2.30 (s, 3H). 13C NMR (101 MHz, MeOD) δ 155.39, 137.31, 

131.82, 130.38, 129.15, 95.79, 87.62, 80.63, 75.90, 74.22, 70.51, 61.50, 56.88, 

19.70. HRMS m/z calculated for [C16H20Cl3NO6S+Na] +: 481.9975 found: 481.9967. 

Compound A5:  

1H NMR (400 MHz, Chloroform-d) δ 7.47 (d, J = 4.5, 

2H), 7.42 – 7.33 (m, 5H), 7.14 (d, J = 7.8 Hz, 2H), 5.53 

(s, 1H), 5.27 (bd, J = 8.0 Hz, 1H), 4.87 (d, J = 10.4 Hz, 

1H), 4.82 (d, J = 12.1 Hz, 1H), 4.72 (d, J = 12.0 Hz, 

1H), 4.40 – 4.34 (m, 1H), 4.08 – 4.00 (m, 1H), 3.77 (bt, J=9.8,1H), 3.49 (dd, J = 6.8, 

4.1 Hz, 2H), 3.44-3.37 (m, 1H), 2.96 (s, 1H), 2.35 (s, 3H); 13C NMR (101 MHz, 

CHLOROFORM-D) δ 154.44, 138.85, 136.95, 133.64, 129.96, 129.48, 128.49, 

127.91, 126.38, 101.97, 86.80, 81.25, 77.31, 74.75, 72.37, 70.34, 68.61, 57.23, 

21.28.HRMS m/z calculated for [C23H24Cl3NO6S+Na]+: 570.0288 found: 570.0294 

Compound A5a:  

1H NMR (400 MHz, Chloroform-d) δ 7.52 – 

7.47 (m, 2H), 7.42 – 7.33 (m, 3H), 5.88 (s, 

1H), 5.56 (s, 1H), 4.81 (d, J = 12.0 Hz, 1H), 

4.72 (t, J = 9.6 Hz, 2H), 4.35 (dd, J = 10.5, 4.9 Hz, 1H), 3.98 (dt, J = 11.7, 3.6 Hz, 

2H), 3.87 – 3.76 (m, 2H), 3.75 – 3.68 (m, 2H), 3.64 (ddt, J = 13.3, 8.5, 5.0 Hz, 2H), 

3.55 (dd, J = 15.5, 8.5 Hz, 2H), 3.51 – 3.39 (m, 4H).13C NMR (101 MHz, CDCl3) δ 

155.35, 136.98, 129.29, 128.34, 126.34, 101.92, 95.44, 81.31, 77.36, 77.04, 76.72, 

74.79, 71.93, 71.09, 70.02, 69.39, 68.58, 66.22, 59.01, 50.92. HRMS m/z calculated 

for [C20H25Cl3N4O8+Na] +: 577.0636 found: 577.0631. 

 

Compound A5b:  

1H NMR (400 MHz, Chloroform-d) δ 

7.47 (dd, J = 6.8, 2.9 Hz, 2H), 7.36 

(dd, J = 5.1, 2.0 Hz, 3H), 5.62 (s, 

1H), 5.54 (s, 1H), 5.50 (t, J = 3.1 Hz, 1H), 5.46 (dd, J = 3.4, 1.3 Hz, 1H), 5.39 (d, J = 

3.4 Hz, 1H), 5.28 (d, J = 1.1 Hz, 1H), 5.15 (dd, J = 10.7, 3.4 Hz, 1H), 4.92 (dd, J = 

10.4, 3.4 Hz, 1H), 4.86 (d, J = 8.4 Hz, 1H), 4.65 (d, J = 8.1 Hz, 1H), 4.48 – 4.43 (m, 
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1H), 4.32 (dd, J = 10.5, 4.9 Hz, 1H), 4.14 (dd, J = 7.0, 1.4 Hz, 1H), 4.09 (dd, J = 6.6, 

4.1 Hz, 2H), 3.82 – 3.75 (m, 2H), 3.69 – 3.60 (m, 4H), 3.49 – 3.38 (m, 5H), 2.14 (s, 

3H), 2.08 (s, 3H), 2.02 (s, 3H), 1.94 (s, 3H). 13C NMR (101 MHz, CHLOROFORM-D) 

δ 170.40, 170.34, 170.26, 170.15, 169.55, 154.22, 137.09, 129.30, 128.39, 126.10, 

101.54, 101.21, 95.60, 80.07, 74.58, 71.07, 70.58, 69.96, 69.36, 69.17, 68.71, 

68.35, 68.26, 67.29, 67.19, 66.85, 66.31, 66.22, 61.89, 60.88, 57.85, 51.03, 20.94, 

20.82, 20.75, 20.70, 20.66. HRMS m/z calculated for [C34H43Cl3N4O17+Na] +: 

907.1586 found: 907.1579. 

 

Compound A6: 

1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 7.6 Hz, 2H), 

7.54 (dd, J = 10.8, 7.8 Hz, 2H), 7.46 – 7.36 (m, 6H), 

7.53-7.29 (m, 4H), 7.19 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 

7.8 Hz, 2H), 5.54 (s, 1H), 5.38 (d, J = 9.1 Hz, 1H), 5.24 

(t, J = 9.7 Hz, 1H), 4.88 (d, J = 10.3 Hz, 1H), 4.70 (d, J = 12.1 Hz, 1H), 4.63 (d, J = 

12.0 Hz, 1H), 4.43 – 4.28 (m, 3H), 4.22 (t, J = 7.4 Hz, 1H), 3.38-3.72 (m , 3H), 3.58-

3.52(m, 1H), 2.35 (s, 3H);13C NMR (101 MHz, CDCl3) δ 155.01, 154.00, 143.13, 

143.08, 141.27, 141.22, 138.77, 136.75, 133.49, 129.88, 129.16, 128.24, 128.04, 

127.92, 127.91, 127.23, 126.19, 125.15, 125.09, 120.07, 120.06, 101.52, 95.33, 

87.66, 78.42, 76.35, 74.56, 70.53, 70.50, 68.46, 55.71, 46.50, 21.20.MALDI-TOf m/z 

calculated for [C38H34Cl3NO8S+Na]+:792.0968 found:792.1572 m/z calculated for 

[C38H34Cl3NO8S+K]+: 808.0708 found: 808.1159. 

Compound A7: 

1H NMR (400 MHz, Chloroform-d) δ 7.76 (d, J = 7.6 Hz, 

2H), 7.58 (t, J = 7.8 Hz, 2H), 7.44 – 7.28 (m, 11H), 7.06 (d, 

J = 7.8 Hz, 2H), 5.29 (d, J = 9.1 Hz, 1H), 4.97 (t, J = 9.8 

Hz, 1H), 4.79 (d, J = 10.3 Hz, 1H), 4.72 – 4.51 (m, 4H), 

4.38 (d, J = 7.4 Hz, 2H), 4.23 (t, J = 7.4 Hz, 1H), 3.81 (dh, J = 9.8, 5.2, 4.6 Hz, 3H), 

3.69 (q, J = 10.0 Hz, 1H), 3.57 (dt, J = 9.5, 4.6 Hz, 1H), 2.91 (s, 1H), 2.31 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 155.61, 153.98, 143.17, 143.10, 141.30, 141.26, 

138.44, 137.58, 133.28, 129.78, 128.52, 128.44, 127.96, 127.94, 127.78, 127.26, 

125.19, 125.16, 120.10, 95.40, 86.86, 79.96, 77.95, 77.35, 77.23, 77.03, 76.71, 
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74.52, 73.82, 70.53, 70.20, 54.93, 46.59, 34.68, 31.61, 29.08, 22.67, 22.64, 21.16, 

14.14, 11.45.HRMS: m/z calculated for [C38H36Cl3NO8S+Na]+: 794.1125 found: 

794.1120. 

 

Compound A7a: 

1H NMR (400 MHz, Chloroform-d) δ 7.76 (d, J = 

7.6 Hz, 2H), 7.60 (t, J = 7.0 Hz, 2H), 7.41 (t, J = 

7.6 Hz, 2H), 7.37 – 7.28 (m, 7H), 5.65 (d, J = 9.2 

Hz, 1H), 4.94 (t, J = 10.0 Hz, 1H), 4.70 (d, J = 7.9 

Hz, 1H), 4.68 – 4.51 (m, 3H), 4.46 – 4.32 (m, 2H), 4.26 (t, J = 7.5 Hz, 1H), 3.94 (dt, J 

= 12.0, 3.6 Hz, 1H), 3.88 – 3.75 (m, 4H), 3.75 – 3.69 (m, 1H), 3.55-3.68 (m,6H), 3.49 

– 3.34 (m, 2H), 2.97 (d, J = 3.4 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 155.62, 

154.37, 143.28, 143.16, 141.29, 141.25, 137.49, 128.55, 127.99, 127.93, 127.82, 

127.25, 125.24, 120.07, 101.52, 95.54, 79.05, 74.43, 73.81, 72.40, 71.13, 70.84, 

70.48, 70.19, 69.93, 69.05, 56.05, 50.98, 46.61.MALDI-TOF m\z calculated 

[C35H37Cl3N4O10+Na]+ : 801.1473 found: 801.39 m/z calculated [C35H37Cl3N4O10+K]+: 

817.1212 found: 815.35. 

Compound A7b:  

1H NMR (400 MHz, Chloroform-d) δ 

7.75 (d, J = 7.5 Hz, 2H), 7.61 (dd, J = 

14.2, 7.4 Hz, 2H), 7.45 – 7.29 (m, 9H), 

5.69 (d, J = 9.3 Hz, 1H), 5.21 (d, J = 3.2 

Hz, 1H), 5.09 (dd, J = 10.3, 2.4 Hz, 1H), 5.00 (t, J = 9.7 Hz, 1H), 4.86 (dd, J = 10.5, 

3.3 Hz, 1H), 4.75 (d, J = 12.0 Hz, 1H), 4.65 (dd, J = 10.2, 7.1 Hz, 2H), 4.60 – 4.44 

(m, 3H), 4.39 (d, J = 12.1 Hz, 1H), 4.27 (t, J = 7.6 Hz, 1H), 4.21 – 4.14 (m, 1H), 4.06 

– 3.99 (m, 3H), 3.95 (dt, J = 11.5, 3.3 Hz, 1H), 3.77 (ddd, J = 16.4, 8.0, 5.1 Hz, 4H), 

3.71 – 3.57 (m, 5H), 3.52 (d, J = 9.7 Hz, 1H), 3.41 (q, J = 5.5, 4.9 Hz, 2H), 1.95 (s, 

9H), 1.92 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 170.21, 170.17, 170.04, 169.17, 

154.80, 154.37, 143.48, 143.03, 141.29, 141.22, 137.91, 128.56, 127.98, 127.94, 

127.28, 127.24, 125.55, 125.17, 120.07, 120.05, 101.48, 101.36, 100.82, 

90.71,77.24, 75.75, 74.63, 74.49, 73.78, 71.17, 70.92, 70.40, 70.37, 70.22, 69.94, 
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69.10, 69.03, 68.29, 68.20, 67.55, 67.23, 66.55, 66.28, 61.80, 61.45, 60.34, 56.37, 

50.99, 46.56, 31.59, 22.66, 20.84, 20.74, 20.72, 20.68, 20.66, 20.64, 20.56, 20.47, 

14.13.MALDI-TOF m/z calculated [C49H55Cl3N4O19+K]+: 1147.2163 found: 1147.07 

Compound A7c:  

.1H NMR (400 MHz, Chloroform-d) δ 

7.41 – 7.29 (m, 5H), 5.52 – 5.46 (m, 

1H), 5.34 (dd, J = 3.5, 1.1 Hz, 1H), 

5.17 (dd, J = 10.5, 8.0 Hz, 1H), 4.92 

(dd, J = 10.5, 3.4 Hz, 1H), 4.78 (d, J = 12.0 Hz, 1H), 4.71 (d, J = 12.1 Hz, 1H), 4.69 – 

4.59 (m, 2H), 4.50 – 4.46 (m, 2H), 4.11 (dd, J = 6.6, 1.4 Hz, 2H), 4.00 – 3.93 (m, 

2H), 3.90 (td, J = 6.6, 1.2 Hz, 1H), 3.76 (ddd, J = 11.2, 7.5, 3.3 Hz, 2H), 3.72 – 3.60 

(m, 7H), 3.52 – 3.44 (m, 2H), 3.41 (dd, J = 5.5, 4.4 Hz, 2H), 2.14 (s, 3H), 2.06 (s, 

3H), 1.98 (s, 6H). 13C NMR (101 MHz, CHLOROFORM-D) δ 170.66, 170.25, 170.10, 

169.32, 154.61, 138.10, 128.69, 128.09, 128.01, 101.46, 95.75, 81.24, 77.37, 74.68, 

74.11, 73.82, 72.74, 71.31, 71.19, 70.85, 70.13, 69.09, 68.84, 68.00, 66.96, 61.54, 

57.61, 51.09, 34.25, 22.48, 20.85, 20.75, 20.73, 20.66, 14.21. HRMS m\z calculated 

[C34H45Cl3N4O17+Na] +: 909.1743 found: 909.1755 
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CONCLUSION & FUTURE PLAN 

 

We have successfully synthesized protected form of lewisx trisacchardie and lewisa 

disaccharide glycan’s. All the intermediates and final compounds were well 

characterized by NMR, high resolution mass-spectra. Simultaneously, we also 

synthesized superparamagnetic iron oxide nanoparticles by coprecipitation method 

in basic conditions. SEM images of these nanoparticles have clearly showed 

monodispersity with size of around 30-40 nm. Currently, the final deprotection, 

conjugation and further biological studies of these glyco-magnetic nanoparticles is 

under progress. We believe that this research will result in next generation 

biomarkers to detect ischemic strokes and inflammations. 
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NMR SPECTRA 

 

1H NMR of Compound G3 

  

13C NMR of Compound G3
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1H NMR of Compound F2
 

 

13C NMR of Compound F2 

 

 

DEPT of Compound F2 

 



37 

 

1H NMR of Compound F3
 

 

13C NMR of Compound F3 

 

DEPT of Compound F3 
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1H NMR of Compound F4 

 

13C NMR of Compound F4 

 

DEPT of Compound F4 
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1H NMR of Compound L1 

 

13C NMR of Compound L1 

 

 

DEPT of Compound L1
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1H NMR of Compound A3
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1H NMR of Compound A4 

 

13C NMR of Compound A4 

 

   DEPT of Compound A4 
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1H NMR of Compound A5 

 

13C NMR of Compound A5 

 

DEPT of Compound A5 
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1H NMR of Compound A6 

 

13C NMR of Compound A6  

 

DEPT of Compound A6 
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1H NMR of Compound A7 

 

13C NMR of Compound A7 

 

DEPT of Compound A7 
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1H NMR of Compound A5a 

 

13C NMR of Compound A5a 

 

DEPT of Compound A5 
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1H NMR of Compound A5b 

 

13C NMR of Compound A5b 

 

DEPT of Compound A5b 
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1H NMR of Compound A7a
 

 

13C NMR of Compound A7a 

 

DEPT of Compound A7a 
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1H NMR of Compound A7b 

 

13C NMR of Compound A7b 

 

DEPT of Compound A7b 
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1H NMR of Compound A7c 

 

13C NMR of Compound A7c 

DEPT of Compound A7c 
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