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REVOLUTION OF
CYCLODEXTRINS

Main analytical methods

Chromatography
Mass Spectrometry (MS)
Nucleic Magnetic Resonance (NMR)




. Chromatography methods

 Determination of
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1) https://www.google.com/url?sa=i&url=https%3A %2F%2F sielc.com%2F hplc-method-for-analysis-of-sulfobutyl-ether-beta-cyclodextrin-sodium-sbecd&psig=AOvVaw0tLSbghw-
FpnaTdeSs UVOm&ust=175283698131 7000&source—|mages&cd—vfe&op| 89978449&ved—OCBUQJ qu FonCLCqu gw44DFQAAAAAdAAAAABAE

4) Berthod, Alain, et al "Practice and mechanism of HPLC oIigosaccharide separation with a cyclodextrin bonded phase." Talanta47.4 (1998): 1001-1012
5) https://www.materianova.be/en/our-equipment/analysis-characterization/chromatographic-analysis/hplc/

HPLC in real life
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. _+ . Chromatography methods

« Evaporative Light Scattering (ELSD)

* Charged Aerosol Detector (CAD) Inrsy 10
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Chromatogram of a standard mixture of - Chromatogram of a standard mixture of a -, B -, raw materials containing (A) a- and B-CD, (B) no impurities
cyclodextrin and nine potential impurities. (b) and y-cyclodextrin. (b) Chromatogram of a ’
Chromatogram of a commercial B-cyclodextrin commercial B -cyclodextrin

1) Caron, I., C. Elfakir, and M. Dreux. "Advantages of evaporative light scattering detection for the purity control of commercial cyclodextrins." Journal of liquid chromatography & related technologies 20.7 (1997): 1015-1035.
2) White, Gregory, et al. "Determination of the impurity profile of y-cyclodextrin by high-performance liquid chromatography." Journal of Chromatography A 625.2 (1992): 157-161.
3) Groom, Carl A., et al. "Detection of nitroaromatic and cyclic nitramine compounds by cyclodextrin assisted capillary electrophoresis quadrupole ion trap mass spectrometry." Journal of Chromatography A 1072.1 (2005): 73-82.



. Chromatography methods

» Track the organic reactions

* Relatively cheap and easy to use
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Phase High-Performance Thin-Layer Chromatography with
Me-B-CD of a mixture of the taurine conjugated bile acids

Several novel TLC plates are
visualized using various techniques.

Momose, Toshiaki, et al. "Method for the separation of the unconjugates and conjugates of chenodeoxycholic acid and deoxychalic acid by two-dimensional reversed-phase thin-layer chromatography with methyl -
cyclodextrln " Journal of Chromatogra'phyA 811 1-2 (1998) 171 180

Alak, Ala, and Danlel W Armstrong "Thin-| Iayer chromatographlc separatlon of optlcal geometncal and structural isomers." Ana/yt/ca/ Chemistry 58.3 (1986): 582-584.
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/. Mass Spectrometry methods
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» Molecular weight determination of CD derivatives, including polymers

. . . . . TiO,-MALDI f | f a-, B- dy-CD
- Distribution of the degree of substitutions O MALDImass spectra of edual amounts of o F-, and v

Short, Luke C., and Jack A. Syage. "Electrospray photoionization (ESPI) liquid chromatography/mass spectrometry for the simultaneous analysis of cyclodextrin and pharmacetticals and their binding interactions." Rapid
Communications in Mass Spectrometry: An Intemational Journal Devoted to the Rapid Dissemination of Up-to-the-Minute Research in Mass Spectrometry 22.4 (2008): 541-548.

Chen, Cheng-Tai, and Yu-Chie Chen. "Molecularly imprinted TiO2-matrix-assisted laser desorption/ionization mass spectrometry for selectively detecting a-cyclodextrin." Analytical Chemistry 76.5 (2004): 1453-1457.

Reale, Samantha, Erika Teixido, and Francesco De Angelis. "Study of alkali metal cations binding selectivity of B-cyclodextrin by ESI-MS." Annali di Chimica. Journal of Analytical, Environmental and Cultural Heritage Chemistry 95.6

(2005): 375-381.



e Structure identification <- chemical
shifts (ppm) + peak height, types

* Degredation test <- avarage degree
of substitution

« Hydrodynamic diameter

» Hydrodynamic diameter distribution

s

The main parts of NMR

(A 7 X A,
4 x A,

Average degree of substitution equation of SBECD in Ph-Eur.11.4. pharmacopoeia
A1 = area of the peaks due to the inner methylene protons (indicated in bold) of the
sulfobutyl ether functional group;

A2 = area of the peaks due to the glycosidic protons (indicated in bold).

2) https: //www1eo|usa com/RESOURCES/AnaIytlcaI Instruments/NMR BaS|cs
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\__/ . Nuclear Magnetic Resonance (NMR)

* Provided NMR spectroscopies:
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1) Cruz, Jennifer R., et al. "NMR characterization of the host-guest inclusion complex between -cyclodextrin and doxepin." Magnetic Resonance in Chemistry 46.9 (2008): 838-845.
2) https:/www.sigmaaldrich.com/HU/hu/product/mm/2397607?utm_source=google&utm_medium=cpc&utm_campaign=21891572337&utm_content=171292948458&gad_source=1&gad_campaignid=21891572337&gbraid=0AAAAADSKL
QS6x0rm40dgkODj7ZE Jz5-GQ&gclid=CjwKCAjw7fzDBhA7EiwAOgJkhOEc_AYNhug_gN27_1eghfnliOEAQsCNmImeU5YilOcK Tmw60jQWDBoCA30QAvD_BwE



* Provided NMR spectrums:

« TH (Hydrogen-1 spectrum): 1D NMR technique -
« C (carbon-13 spectrum): 1D NMR technique 1
« HSQC (Heteronuclear Single Quantum Coherence): 2D NMR technique | o

( | JJ UL
« HMBC (Heteronuclear Multiple Bond Correlation): 2D NMR technique REE ey PR R
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"H NMR spectra of the natural cyclodextrins.

o 100 % ) ” 0 e e b (a) a-CD, (b) B-CD, and (c) y-CD
3C NMR spectra of a-CD HMBC NMR spectrum of hydroxy butyl- HSQC NMR spectrum of hydroxy butyl-3CD
hexahydrate B-cyclodextrin measured in D20. measured in D20.

Pessme Framlsco BT, Adriana Caldennl and Guilherme L. Alexandrlno "Cyclodextrin |nclu5|on complexes probed by NMR technlques Magnetic resonance spectroscopy 3 (2012): 264.

Gldley, Mlchael J and Stephen M. Bociek. "Carbon-13 CP/MAS | NMR studles of amylose inclusion complexes cyclodextnns 4 and the amorphous phase of starch granules: Relationships between glycosidic linkage conformation and
solid-state carbon-13 chemical shifts." Journal of the American Chemical Society 110.12 (1988): 3820-3829.
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methods
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1) Hadaruga, Nicoleta G., et al. "A review on thermal analyses of cyclodextrins and cyclodextrin complexes." Environmental Chemistry Letters 17.1 (2019): 349-373.



. /. Other tools

 Polymer molecule mass s oo )
« Complex diameter : L .
c - A ml
:;;’ 10 X 12mM
« Complex diameter distribution i . oM
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Scattered intensities of BCD samples as a

function of the time elapsed after filtration. W

« Determination of interaction strength between API and cyclodextrins i

”"W\ﬂﬁfl
|

Absorbance at 254

* Molecule stability L

Scattered intensities of BCD samples as a
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Pure component differential scanning calorimetry first heating (b/ack, solid),
cooling (blue, solid) and second heating (red, dotted) scans for B BCD.
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