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• Solubility improvement of the CD (and its complexes) in

desired solvent, usually in water;

• better fit and/or association between the CD and its guest, with

concomitant stabilization of the guest by changing its reactivity;

• more appropriate mimic of a binding site (e.g., in enzyme

modeling) via attachment of specific groups; or

• formation of insoluble or immobilized CD-containing

structures, polymers (e.g., for chromatographic purposes).
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C1= anomeric carbon

C6= methylene unit (-CH2-)

C2= easy accessible

C3= most hyndered, difficult to modify

C4, C5= not inolved in reaction

Less acidic, most nucleophilic
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The most nucleophilic OH reacts with TsCl!
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Selective monotosylation for Ts1α- and Ts1γ-CD in aqueous solution is not possible.

Degree of Substitution difficult to control (exception Ts1-βCD).

Ts1-βCD production: 1 kg scale!
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Hydrolysis of product

Low yield

Possible scale-up

Pyridine

Over-tosylation

Hazardous solvent

Dry conditions

Difficult work-up: 

CD-pyr gel, chlorination

Fast reaction
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The less hindered OH reacts!

G. Hodosi et al., Carbohydrate Research, 230, 327-342, 1992
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Selective per-6-halogenation also for α- and γ-CD.

Degree of Substitution difficult to control (exception I/Br1-βCD).

Per-6-I/Br-CD production: 500 g scale.
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CYCLOLAB

• Regioselective with appropriate base

• Degree of substitution can be controlled

• Substitution pattern: O(2)>>O(6)/O(3)

• The longer alkyl chain the more 2,6-O-selective.

• High solubility in water and organic solvents.

• Per-substituion difficult in water

• 5-1000 kg scale production.
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HPLC

Eluent: n-propanol: EtAc: H2O: NH4OH (25%)
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Regioselective with appropriate base and temperature.

Degree of Substitution can be controlled.

High solubility in water.

Challenging to characterize!

5-1000 kg scale production
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Rocuronium Bromide

Aminosteroid

Non-depolarizing

blocking agent
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Na+
ACh ACh 

Na+ Na+

Acetylcholine 

Rocuronium 

Sugammadex 

No autonomic instability! 

No need of co-administration 

of antimuscarinic agent 

(atropine) as for 

acetylcholinesterase inhibitor 

(neostigmine)

CYCLOLAB



* J. M. Adam et al., J. Med. Chem., 45, 1806-1816, 2002

*  

Rocuronium Bromide
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Z= Br, I.

Base1= -H, alkoxide.

R= alkyl group.

Base2= organic or inorganic base.

X1=Br, I, Cl
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SGM-Crude

Bridion

Purification is essential !!!

Characterization (HPLC/CE-MS, NMR, IR etc.)

Purity (HPLC, CE)

....

....
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Photodynamic therapy (PDT), is a form of phototherapy using nontoxic light-sensitive compounds

(photosensitizers) that are exposed selectively to light, whereupon they release toxic species

(reactive oxigen/nitrogen species, to targeted malignant and other diseased cells (phototoxicity).
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Insoluble

Photosensitizer

Photosensitizer

in solution
Water Soluble

Photosensitizer-CD

Conjugate

Water Soluble

Photosensitizer-CD

Conjugate

+

Drug (antibiotic, anticancer...)
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V. Kirejev, A. R. Conҫalves et al., Photochem. Photobiol. Sci., 13, 1185-1191, 2014

βCD-mTHPP

meso-tetra(m-hydroxyphenyl)-21,23Hporphyrin (mTHPP)

NaOH, DMSO, 40 °C, 4 days  

Column Chromatography
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(A) Confocal fluorescence image of a cluster of cancer cells

incubated with βCD-mTHPP in 4% v/v DMSO–PBS showing

overlay of cellular autofluorescence in green (500–550 nm)

and βCD-mTHPP emission in red (660–740 nm).

V. Kirejev, A. R. Conҫalves et al., Photochem. Photobiol. Sci., 13, 1185-1191, 2014

Improved aqueous solubility.

Improved cytosolic uptake as monomer.

Improved biodistribution.

Multifunctional system upon complexation. 
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4. IN-VITRO ACTIVITY OF FLUORESCENT NANOSTRUCTURES CD-BASED

4.1 DERIVATIVE (1) AND HUMAN SKIN 4.2 COMPLEX AND HeLa CELLS

RBITC-NH

(NH2)3HPβCD

(1) (Complex)
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Cell death (%) for derivative (1) and for the

Complex observed in HeLa cells either kept

in the dark (-) or irradiated for 30 min with

visible light (+).

(1)

(Complex)

Representative microscopy image of

HeLa cancer cells incubated with the

Complex for 1 h at 37°C.

Multi-photon laser scannig visualization of human skin incubated with (1) for 20 h at 37°C

at 5 mM concentration.

CD derivative and Human Skin Complex and HeLa Cells
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Reflux, 30’
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100°, 3 days

CH3-I, NaOH
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Reflux

F. Fenyvesi, et al.,PLOS ONE, Volume 9, Issue 1,  e84856, January 2014.

Confocal images of undifferentiated Caco-2 cells 
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Confocal microscopy slices of immobilized HeLa cells

Optical and fluorescence microscopy

images showing expression of eGFP

protein in HEK 293T cells and comparison

with Lipofectamine 2000 as control.

βCD-(NH-(CH2)3-NH2)7

Lipofectamine 2000

Expression of eGFP 

protein

N. Mourtzis, et al., Chem. Eur. J., 14, 4188 -4200, 2008. 
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V. A. Karginov, Current Opinion in Pharmacology, 13, 1-9, 2013.

Pore-forming proteins

Pore-forming proteins Pathogen

1. Protective antigen Bacillus anthracis

2. α-Hemolysin Staphylococcus aures

3. Ɛ-Toxin Clostridium perfringens

4. Toxin C2 Clostridium botulinum

5. Toxins A, B and CDT Clostridium difficile

6. Aerolysin Aeromonas hydrophilia

7. VacA Helicobacter pylori

8. p7 protein Hepatitis C virus

9. Vpu HIV

10. M2 protein Influenza virus

α-hemolisyn (α-Toxin)
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