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CYCLOLAB

❖Cyclodextrins Reactivity

❖Most Important Cyclodextrin Intermediates

▪ 6-Monotosyl-BCD

▪ Per-6-halo-CD

• Sugammadex

▪ 2-O-propargyl-BCD

▪ Per-2-O-propargyl-BCD

❖Fluorescent CDs

❖Folate-appended CDs

❖Amphiphilic CDs

❖CD polymers
2



• 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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Most acidic, more nucleophilicMore acidic, less nucleophilic
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CYCLOLAB

Reagents may interact with CDs in unexpected ways!
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• Mono-6-Substituted Cyclodextrin:

• Per-6-Substituted Cyclodextrins:

• Mono-2-Substituted Cyclodextrin:

• Per-2-Substituted Cyclodextrin:
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The most nucleophilic OH reacts with TsCl!
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Tang W. et al., Nature protocols, 3, 4, 691-697, 2008
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H2O

Green solvent

Possible scale-up (β-CD)

Only βCD

Low yield

Hydrolysis of product

Excess of TsCl

Pyridine

α-, β-, γ-CD

Fast reaction

Over-tosylation

Dry conditions

Difficult work-up 

Hazardous solvent

CYCLOLAB
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Ts-Cl
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H2O-MeOH
Reflux

NH3 aq

Δ

βCD

 

(NH2)1

DMSO, ΔCollidine
NaSH

Δ

βCD

 

(SH)1

βCD

 

(CN)1

βCD

 

(COH)1

NH2-(CH2)3-OH

Δ

DMF, Δ

KCN

DMSO, Δ

KI, KBr

βCD

 

(NH(CH 2)3OH)1

βCD

 

(Br /I)1



CYCLOLAB

O

O 
OH

OH

I

 

6,7,8

O

O 
OH

OH

OH

 

6,7,8

+ I2
PPh3, DMF

70-80 °C

11

O

O 
OH

OH

Br

 

6,7,8

O

O 
OH

OH

OH

 

6,7,8

+ NBS

(Br2)

PPh3, DMF

70-80 °C

Gadelle A., Defaye J., Angew. Chem. Int. Ed. Engl. 30 (1991) No. 1, 78-80.

O

O 
OH

OH

Cl

 

6,7,8

O

O 
OH

OH

OH

 

6,7,8

+ PCl5
DMF

70-80 °C

NClS PPh3, DMF

70-80 °C
+



CYCLOLAB

O

O 
OH

OH

I

 

6,7,8

O

O 
OH

OH

OH

 

6,7,8

+ I2
PPh3, DMF

70-80 °C

O

O 
OH

OH

OH

 

6,7,8

Appel type reaction

The less hindered OH reacts!
Nobel A. et al., Patent: US 6,670,340 (2003)
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Hodosi G. et al., Carbohydrate Research, 230, 327-342, 1992
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βCD ≤ 1.5 %

Propylene Glycol ≤ 2.5%
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 ELS1 A, Signal Voltage (L:\HPLC3\HPLC3_2010\HPBCD\HPBCD_0330\2010-03-30\CYL2058_1ASSAY_2.D)

DS=3.3
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DS=6.7

HPLC

Eluent: n-propanol: EtAc: H2O: NH4OH (25%)

TLC

DS:    2     3     4      5     6      7     8     9    10    11    12

DS:     2       3      4      5       6      7       8      9     10

MALDI-TOF
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CYCLOLAB

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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(Bridion®)

+

Ka=25.000.000 M*

* Schaller S. J., Fink H., Core Evidence, 2013 
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Rocuronium Bromide
Aminosteroid

Non-depolarizing blocking
agent

CYCLOLAB
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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
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Rocuronium Bromide

CYCLOLAB

22



CYCLOLAB

S

NH2

NH2

, DMF 1)

65 °C, 8 h

2) OH
NH2

65 °C, 2 h 23
Adam J. M. et al., J. Med. Chem., 45, 1806-1816, 2002 
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5 µL

Product

Byproduct

Reaction  Monitoring
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H
3
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0
:5

:2

(2-O-Propargyl)1-BDC

2,2’-dipropargyl-BCD

BCD

2.5 µL 5 µL 10 µL
Reaction Crude Mother Liquor

10 µL

1,4-Dioxane:NH3:n-propanol=10:7:3

Work-up

24
Casas-Solvas J. M. et al., Carbohydrate Chemistry: Proven Synthetic Methods, Vol. 5, 2019 (under publication)
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NaOH, H2O

r.t.

CH3I
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NaN3 N2H4, Pd/C 
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βCD

Cl-

Fluorescent microscopic images

of rhodamine-labeled random

methylated β-cyclodextrin (Rho-

RAMEB) in Caco-2 cells (top left).

Rho-RAMEB is localized in large

(red) vesicles. Cell nuclei are

labeled with blue DAPI staining.

Confocal microscopic images of

Flutax-Rho-RAMEB complexes in

Caco-2 cells. Flutax (green, A) and

Rho-RAMEB (red, B) containing

vesicles can be detected alone, but

together in the same vesicles

(orange, C) as well. Cell membrane

is stained in blue.

Réti-Nagy K. et al, Int J Pharm. 2015, 30, 496(2), 509-517 



hν=532 nm
1O2

1O2
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V. Kirejev, A. R. Conҫalves et al., Photochem. Photobiol. Sci., 13, 1185-1191, 2014
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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
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Two Photon Microscopy images of cryosectioned human skin

PBS                          EtOH 50%                      DMSO 4%

m
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β

C
D

-m
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P

Improved aqueous solubility.

Improved cytosolic uptake as monomer.

Improved biodistribution.

Multifunctional system upon complexation. 

CYCLOLAB



30

CYCLOLAB

1
 

OTs

βCD

HOOC

N

NH
N

N

NH

O

NH2

NH

OHOOC

O
NH

NH2

 

1

βCD
50 °C

NH2-(CH2)2NH2

+

DCC,NHS DMSO, Pyr

O

O
OH

OHO

OH

O
OH

OH
O

OH

O

OH

OH

O

O

OH
OH

O

OH

OOH

OH

O

O

OH

OH

OH

O

OH

OH
O

OH
OH

NH
NH

N

NH
N

N

NH

O

NH2

NH

ONaOOC

O

Caliceti P. et al., Bioconjugate Chem. 2003, 14, 899-908



Chen C. et al., Nature, 500, 486–489 (22 August 2013)
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Pteridine ring of FA is perpendicular to PABA moiety

Pteroic Acid

Amino-oxopteridine

PABA

L-Glutamic Acid

Alpha 

(pKa=3.3)

Gamma 

(pKa=4.7)

Folic acid drawbacks

• Low solubility

• Dicarboxylic acid

• Only Gamma-modified-FA interacts with FR

• Susceptible to racemization!
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min5 10 15

mV

2

4
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14

 ELS1 A, Voltage (Folate-CD 2019-05-17\FA-CDEN_M04_12.D)

FAγ1-βCD

FAγ2-βCD

βCDEn

FA

βCDEn

by-product
βCD

FAα1-βCDEnFAα2-βCDEn

FA(βCDEn)2

16.72% 18.08% 29.98% 35.22%
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Mazzaglia A., Darcy R. et al., Eur. J. Org. Chem. 2001, 1715-1721
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NaOCH3 / MeOH

r.t. 2 h

Ph3P, NH3

DMF

45 °C, 1 day
DMF, 100 °C

4 days

NaN3

11 days
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N2H4, Pd/C 

H2O-EtOH

Reflux, 2 h

CYCLOLAB
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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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Epichlorohydrin
Functionalization
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Modified
βCD

PolymerizationFunctionalization

Citric Acid
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Functionalization
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DEBYE PLOT (STS)

CD content=60%
Mw=100 kDa, NaOH

O
Cl

H2O, 3 h, 60-70 °C

DS=(56-42)/5=2.81H-NMR

7.00 56.1
3

CYCLOLAB
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1) PPh3, I2,DMF

50 °C, 1 h

2) CH3OH, NaOCH3

r.t., 30 min

3) NaN3, DMF

80 °C, 2 h

RBITC, DBU

Pyr, 60-70 °C.

18 h

N2H4∙H2O   Pd/C

H2O   60-70 °C

1 h

CYCLOLAB
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Topical delivery of  β-cyclodextrin polymer

labelled with RBITC
R

B
IT

C
 in
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ili

Q
p
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IT
C

 in
 M

ili
Q

Cryosections

R. Gref, V. Agostoni, S. Daoud-Mahammed, V. Rodriguez-Ruiz, M. Malanga, 

L. Jicsinszky, P. Horcajada, C. Serre: French Patent Application, N°12/55065.

CYCLOLAB
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, NaOH

H2O, 70 °C

6 h

Na2S, TEA

H2O, r.t.

1 day

H2O, 60-70 °C.

5 h

, CH3CN
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O
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Cl

NO
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Cationic β-cyclodextrin polymer
labelled with NBF enters
Human Cancer Cells

CYCLOLAB
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(B) DOX+p-CyD (after 1h) 

 
 

 

 

CD content=60% (HPLC)

Mw= 50-70 kDa (SLS)

Doxorubicin

Anand R., Malanga M. et al., Photochem. Photobiol. Sci., 2013,12, 1841-1854
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NaH2PO4 (Cat)

140°C, 30 min

CA/γCD=5

+
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OHOH

O

OH
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+
CD content=50% (HPLC)

Mw= 60-70 kDa (SLS)

CH3CN 
TsCl

Pyr

15-25 °C, 1h 

+

+

H2O    DMF

CuBr

NaN3, DMF

80-90 °C, 6h 
0-5 °C  1h
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CYCLOLAB

• Drug encapsulation – DNA targeted drug delivery 

• Enhanced solubility

• Enhanced membrane penetration 

• Antimicrobial activity of QA-CDs

• Potential interaction with the phosphate backbone of the DNA
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CYCLOLAB
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Conclusions

Synthesis and applications of:

• NO-photodonor appended βCD

• Anthracene appended βCD

• Bichromophoric βCD

Future perspectives

• Two photon fluorescence microscopy for

3D visualization of bacterial biofilm

(optical sectioning, irradiation in sections)

• Quantitative analysis of CD diffusion

• NO release trafficking on biofilms
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