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ABSTRACT 

The work presented in this thesis is concerned with modified polyionic cyclodextrins and 

their structural functionality with regards to forming host-guest inclusion complexes. 

Cyclodextrins are well-known to encapsulate a variety of hydrophobic molecules: 

however, only a few studies have been conducted to understand the impact of extending 

the cavity of well-defined cyclodextrins using alkyl side-chains with like charges on their 

termini.  

In Chapter 1, the history and background information about cyclodextrin inclusion 

complexes was provided, along with a discussion of the precedence in literature and the 

theory surrounding the study of these supramolecular systems. 

Subsequently, Chapter 2 presented an outline of the synthetic schemes, and the work that 

was done, along with characterizations towards the polyionic cyclodextrin hosts that were 

then used for the analysis. 

Finally, in Chapter 3, inclusion complexes between the synthesized polyionic hosts and a 

selection of steroid guest molecules were studied. NMR studies and ITC were used to gain 

a better understanding that the role the extension of the cavity played, as well as the impact 

of charges on the host molecule on the interaction with neutral and charged guest 

molecules. The guest molecules of choice were primarily steroid molecules, which are 

known to form complexes with cyclodextrin. Through these studies, binding constants, 

along with the thermodynamic parameters were obtained. 
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Figure 2. Macrocyclic host compounds with a hydrophobic cavity. 

 

Examples of applications utilizing the ability of macrocycles able to encapsulate a 

variety of molecules are numerous, and research continues in this field to explore the 

potentials of these substances as functional materials like hydrogels, functional 

supramolecular polymers, transmembrane channels, biosensors and drug delivery systems, 

to name a few.7 The following manuscript will focus on CDs as encapsulating agents for 

hydrophobic drugs and work that was done towards optimizing and characterizing some of 

these complexes. The first part will describe how CD inclusion complexes are formed, and 

what factors contribute to their stability, followed by an overview of the different methods 

used to characterize these associations. Specific interactions and optimizations of these 
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Figure 4. Top Frame: A selection of the vast compounds that can form inclusion 
complexes with CDs. Bottom frame: Examples of some inclusion complexes 

stoichiometries that may exist between a CD and guest molecules. 8,14 

 

Supramolecular interactions seen in CD-based guest-host complexes are driven by 

multiple forces, including electrostatic interactions, van der Waals effects, hydrogen 

bonding, conformational strain releases, charge-transfer interactions and a negative 
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There are two ways to perform ITC titrations. The first method, in which the host 

is the titrand, requires the guest (the titrant) to be administered at very high 

concentrations. These high concentrations most often require the use of a cosolvent to 

increase solubility. The other method, the reverse titration, has the guest molecule as the 

titrand and the host is the titrant; this type of experiment is most useful for compounds with 

poor solubility. 31 The titration must be performed in a buffered solution.  

When designing an experiment, Equation 5 is used to determine the concentrations 

required to reach the desired final ratio of guest to host. Typically, one is limited by the 

concentration of one component (eg: the guest), which is then used to determine the 

concentration of the other components of the titration.  
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Figure 11. Top-Adamantane and derivatives; Bottom- types as of adamantylations to 
facilitate interactions with CDs. 

 

1.3.2 CD-STEROID INCLUSION COMPLEXES  

Steroid-type molecules are a target of interest in many CD studies because this class of 

compounds has found numerous applications in medicine and many of them are 

metabolites produced in human bodies (see Figure 12 for examples of steroids and their 

structures).38 Steroid based molecules include hormones like testosterone, medications like 

prednisolone & triamcinolone, and bile acids like cholic acid.39 However, they also exhibit 

generally poor water-solubility, due to their extensive hydrophobic chemical structures.  
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Figure 20. CDs used to prolong IgG shelf-life by prevention aggregation.67 

 

Although these CD compounds and many others have been approved for use in 

pharmaceutical formulations, some concerns remain on account of their inhomogeneity 

due to variable degrees of substitutions. For one, batch inconsistencies could make them 

difficult to characterize thus resulting in unreliable pharmacokinetics due to the inability 

to reproduce the same results from one batch to the next.  

 

1.4.5 CHEMICALLY FUNCTIONALIZED CDS AS TARGETED DRUG DELIVERY 

SYSTEMS 
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commercial CD excipients currently available, the synthesized CD hosts were structurally 

well-defined, which was determined by NMR and mass spectrometry methods. The second 

part of the work focused on characterizing complexes formed between the CD hosts and a 

selection of steroid-based pharmaceutical APIs that varied in size, structure, and charge, 

using ITC and NMR experiments. The obtained knowledge from this thesis work will be 

useful to guide the future design and synthesis of other tailored CD hosts capable of 

forming high affinity complexes with pharmaceutical APIs.  
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dichloromethane; this yielded incompletely deprotected mixture, due to a poor solubility 

of the partially-deprotected intermediates in dichloromethane. However, this was 

successfully overcome by performing another step of deprotection in 25% TFA in 

methanol, yielding the desired compounds 1-3 in the form of trifluoroacetic acid salt 

(Scheme 1). Monitoring by TLC was not an appropriate way to determine the progress of 

the deprotection, owing to the polarity of the hydroxyl groups on the secondary face of the 

CDs and formed ammonium functionalities. NMR analysis of reaction aliquots was useful 

as the complete removal of the N-Boc groups was shown by the observation of all anomeric 

protons to appear as a doublet, signaling the presence of axial symmetry in the CD 

molecule. The cationic CD hosts were isolated by a simple washing of the crude products 

in methanol to remove any unwanted organic impurities, and lastly, passing through a size-

exclusion column of LH-20 to remove any remaining inorganic salts. 
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NMR characterization was performed to confirm the identity of N,N-disubstituted 

CD hosts 4 & 5. These cationic hosts showed similar NMR spectra to compounds 1-3.  The 

main difference, was an additional set of peaks was observed at ~3.1 ppm region, 

representing the two methyl groups attached to the nitrogen atoms. 

  

2.2 SYNTHESIZING ANIONIC HOSTS 

The synthesis of anionic CD hosts 6 & 7 followed Scheme 3. The required 2-

mercaptoethanesulfonate nucleophile 24 was obtained from the commercially available 

1,2-dichloroethane (22) via several steps.  

 

Scheme 3 . The synthesis of 2-sulfoethylthio-substituted anionic CD hosts (6 &7). 
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SN2 substitution. To isolate compound 22, the reaction mixture was first concentrated 

under vacuum, and the obtained crude was suspended in ethyl acetate followed by 

treatment with acetyl chloride to convert the excess potassium thioacetate to and organic-

soluble anhydride. The precipitate was then collected via vacuum filtration and further 

extracted with hot ethanol to afford compound 22, which was used without further 

purification. 

The S-acetyl group of compound 22 was subsequently removed by an acid-

catalysed hydrolysis in water at 70 °C for 30 minutes to afford the desired thiol 24 (Scheme 

3). Instead, the compound had been converted to disulfide 23, which was confirmed by 1H 

NMR (Figure 31). To convert disulfide 23 into the thiol, the obtained product was treated 

with triphenylphosphine (1.2 equivalents) in aqueous methanol under an argon atmosphere 

at 60 °C overnight. After concentrating the reaction mixture, the desired thiol 23 (water-

soluble) was isolated by an ethyl acetate-water extraction.  

O3S-CH2- -CH2-SH DMSO SH

 

Figure 31. The 1H NMR spectrum of compound 22 (DMSO-d6, 400 MHz, 298 K). The 
SH peak was minimal, which confirmed that disulfide 22 was the major compound.  

 

With compound 23 in hand, the next step was to synthesize the desired anionic CD 

hosts 6 & 7 (Scheme 3). The thiol 23 (1.7 equiv. per bromide) was first deprotonated with 
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Figure 34. The DEPTQ 13C NMR spectrum of compound 26 (D2O, 400 MHz, 298 K). 

 

The complete assignments of 1H and 13C NMR signals of compound 26 were 

assisted by the 1H-1H COSY (Figure 35) and 1H-13C HSQC (Figure 36) NMR 

experiments.  
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Figure 35. The 1H-1H COSY NMR spectrum of compound 26 (D2O, 400 MHz, 298 K). 
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Figure 36. The 1H-13C HSQC NMR spectrum of compound 26 (D2O, 400 MHz, 298 K). 
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Step 1:Enter raw data 

 

Step 2: Calculations 
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Change in chemical shift (from the host alone) 
upon the addition of the guest 

Guest concentration 
�· host concentration

 

Step 3: Global analysis 

A B C D E F G H I J

Column Formula in the cell

A =SUMIF(Calculations!B4:I4,">=
0")

Sum of the changes in ppm for all protons measured

C =0.5*(('Data input'!$B2+'Data 
input'!$A2+1/$J$2)-SQRT(('Data 
input'!$B2+'Data 
input'!$A2+1/$J$2)^2-(4*'Data 
input'!$A2*'Data input'!$B2)))

 
















































