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Supramolecular Derivatives of Bioactive Compounds 
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Merits of single crystal X-ray analysis for CD complexes

• Provides unequivocal identity of molecular structures of the host, 

guest and water molecules and their spatial relationships

• Reveals the role of water molecules in the complexation process 

and/or its significance in complex

• Permits the computation a simulated (‘computed’) PXRD pattern

• Provides substantiating data for patent registrations 

• Every crystalline CD-drug complex is structurally unique and

consequently displays distinct pharmaceutically relevant properties 

FOR MEDICINAL APPLICATIONS, SINGLE CRYSTAL XRD IS

“AN UNEQUIVOCAL METHOD OF SOLID FORM IDENTIFICATION,

PREFERRED BY THE FDA… “



Utility of single-crystal data to generate a PXRD pattern 



Utility of Powder X-ray Diffraction (PXRD) for verifying 
complex formation between a cyclodextrin and a guest 

based on the known tendency for CD-complexes 

to crystallize in well-defined isostructural families,

each being characterized by a distinctive PXRD profile



Identification of a new complex isostructural series
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SINGLE CRYSTAL X-RAY STRUCTURES



α-Lipoamide

Much more than X-ray 
diffraction is required to 
characterize a CD or a CD 
complex comprehensively. 



Single crystal X-ray structures of α-Lipoamide complexes with  

methylated CDs – contrasting guest inclusion modes 

TRIMEA·α-LA 
Orthorhombic , space group P212121, 

R1 [I > 2σ(I)] = 0.089 for 16090 reflections

R-enantiomer  red     (s.o.f. = 0.58),             
S-enantiomer in blue (s.o.f. = 0.42) 

TRIMEB·α-LA 
Orthorhombic , space group  P212121 , 

R1 [I > 2σ(I)] = 0.063 for 17662 reflections

R-enantiomer  red  (s.o.f. = 0.60),
S-enantiomer  blue (s.o.f. = 0.40)



M.R. Caira, S.A. Bourne, H. Samsodien, V.J. Smith.
Beilstein Journal of Organic Chemistry, 2015, 11, 2616. 



The role of water in CD complexes 

(b) Solvating hydrophilic functional groups 

resveratrol‘DIMEB’: R1 = H, R2 = Me 

Complex formula: DIMEB·resveratrol4H2O



Propagating layers via extended hydrogen bonding 
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Complex formula:

DIMEB·resveratrol4H2O

TROLLOPE, L., CRUICKSHANK, D.L., 

NOONAN, T., BOURNE, S.A., SORRENTI, M., 

CATENACCI, L.,  CAIRA, M.R.

Beilstein J. Org. Chem. 2014, 10, 3136–3151.

The role of water in CD complexes 



L.M. JOSEPH, K. CHIBALE, M.R. CAIRA.
Preparation and physicochemical characterization
of an inclusion complex between dimethylated -
cyclodextrin and a drug lead from a new class of
orally active antimalarial 3,5-diaryl-2-
aminopyridines. J. Pharm. Sci., 2016, 105, 3344-
3350.

DIMEBMMP2H2O

Inclusion of a potent antimalarial drug candidate MMP in DIMEB

MMP

“Preliminary results from a PK study using C57BL/6 mice
indicated that the inclusion complex DIMEBMMP2H2O effected a
somewhat slower release of the bioactive compound and an
increase in its apparent half-life, whereas an efficacy study using
mice infected with P. berghei indicated that the antimalarial
activity due to MMP in complexed form was more than double
that of MMP alone at a dose of 3 mg/kg.
However, more extensive in vivo PK studies to rationalize the
improvement in in vivo efficacy are ongoing. A full account of the
methodology and results of PK and efficacy studies will be
published elsewhere”.
(Based on N. Strydom, L. Wiesner,    unpublished data, 2016).
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X-ray structure of a ‘non-inclusion’ complex* 

between DIMEB and guest ferulic acid 

2:1 host-guest complex; 
guest molecule not included in CD cavity  

b

Spiral column of self-included 
DMB molecules 

*A paper by L. Hunt, S.A. Bourne and M.R Caira describing this phenomenon has been submitted to the journal Biomolecules (Nov 2020) 



On-going studies with antioxidants

(R)-lipoic acid – CD complex trans-resveratrol – CD complex

Pterostilbene: IECP 2020 Sciforum Conference Proceedings Paper: 

Inclusion of pterostilbene in natural cyclodextrins: 

complex preparation and solid-state characterization

Laura Catenacci, Milena Sorrenti, Maria Cristina Bonferoni, Alexios I. Vicatos and Mino R. Caira
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