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Abstract

Hydrated inclusion complexes of the hosts B-CD (CD=cyclodextrin), ¥-CI> and permethylated
B-CD with the guest clofibric acid were analysed by TG and DSC methods to characterise their
dehydration behaviours. Activation energies for dehydration of the B- and y-CD clofibric acid
complexes, determined by isothermal thermogravimetry, are significantly lower (~20-25%]} than
thosc for the corresponding uncomplexed hydrated CDs. These data can be reconciled with X-ray
structural data which show that H,O molecules in the complexes occupy different crystal sites
from those occupied in the parent CDs.
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Introduction

This study forms part of an on-going investigation of the structures, thermal sta-
bility and kinetics of decompnsition of cyclodextrin (CD) inclusion complexes of
poorly soluble drug substances. The CDs referred to in this study contain seven (B-
CD) and eight (y-CD) a-(1—4)-linked D-glucopyranose units respectively.

Water molecules play an essential role in stabilizing the crystalline structures of
cyclodextrin inclusion comptexes. Complex water content and the nature and rate of
dehydration affect properties such as cohesive strength and stability under storage.
Recent studies of the dehydration of CD complexes by thermal analysis include
those of -CD hydrate [1, 2], native and modified CDs as well as metal-B-CD com-
plexes [3], and hydrated CD complexes of drug substances [4].

The dehydration of three CD complexes containing the guest clofibric acid, [2-(4-
chiorophenoxy)-2-methylpropanoic acid, or CPIB], a cholesterol-lowering drug.
was investigated here by TG, DSC and isothermal thermogravimetry. The drug CPIB
is poorly soluble in water and we are investigating its CD-inclusion complexes for the
purpose of improving its delivery properties. The complexes are 1 B-CD-CPIB-8.4H,0,
2 4-CD-CPIB-15.5H,0 and 3 TRIMEB-CPIB-1.4H,0 [TRIMEB=heptakis(2,3,6-tri-
O-methyl)-B-CD]. These complexes were chosen for study since we had obtained
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preliminary X-ray structural information which could complement the thermal and
kinetic results. It was of particular interest to compare the activation energies of de-
hydration of the complexes with those for the uncemplexed hydrated parent cy-
clodextrins and to relate the results to possible dehydration pathways within the
crystal structures.

Experimental

Full details of the preparations of 1-3 and their structural analyses by X-ray dif-
fraction will be reported elsewhere [5]. All of the complexes were obtained as crys-
talline precipitates from aqueous solutions containing the host-CD and the drug in
1:1 molar proportions. The formulae quoted above were derived from UV spectro-
photometry (host-guest ratios) and TG (H,O content). TG and DSC traces were ob-
tained on a Perkin Elmer PC7 scries system at a heating rate of 10°C min™ using
sample masses in the range 1-4 mg. Samples were purged with N; flowing at
40 ml min™'. Isothermal TG at 5° intervals in the range 35-70°C was performed us-
ing microcrystals (10-100 pm) obtained by complex crystallization from rapidly
stirred aqueous solutions. Mass losses measured with time were used 1o obtain a(ex-
tent of reaction) vs. time curves which were analysed using various kinetic models
[6] to seck the best linear [its over the o range 0.05-0.95.

Results and discussion

Figure 1 is the DSC trace for the guest compound CPIB, showing its charac-
teristic melting endotherm at 120.2°C. The absence of this endotherm in any of the
DSC traces which follow is evidence of inclusion of the drug in the CDs investi-
gated. Compiexes I-3 are readily distinguished from their combined TG-DSC
traces, shown in Fig. 2. Characteristic temperatures, estimated water contents and
relevant X-ray crystal data are listed in Table 1. The first stage in the decomposition
of the complexes is dehydration. For the f-CD complex 1, dehydration occurs in two
steps as indicated by an inflection point in the TG trace and as distinct endotherms
(A, B) in the DSC trace. This is followed by gradua! mass loss with major decompo-
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Fig. 1 DSC trace for the drug guest CPIB
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sition occurring exothermically (peak C). The y-CD complex 2 behaves similarly,
except that what appears as two-step dehydration in TG is reflected only as a single
endotherm (A) in DSC. Dehydration of the TRIMEB complex 3 occurs in one step
which appears as a broad endotherm {peak A) in the DSC trace. The anhydrous com-

Table 1 TG-DSC and crystal data for complexes 1-3

Complex Eggr(]zt/ Onset/ Peak/ %H, 0 Space group Z
°C TG
1 A 48 66 10.1 C2 4
B 104 110
C 302 309
2 A 50 75 15.6 P42,2 6
B k10]| 309
3 A 30 as 1.5 P2,22, 4
B 129 132
C 145 147
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plex then undergoes an endothermic phase change (peak B), recrystallization, and fi-
nally melting (peak C). Similar sharp melting behaviour was found for anhydrous
TRIMEB complexes with naproxen [7] and ibuprofen [8] as guests. 'the proposed
phase transition is consistent with zero mass loss over the temperature interval which
includes peaks B and C. To confirm the nature of this transition, X-ray powder dif-
fractograms were also recorded for samples heated to approximately 100, 135 and
200°C, i.e. for the anhydrous complex, the presumed recrystallized species and the
residue after melting. The first two samples yiclded different X-ray powder patterns,
thus confirming the existence of two distinct crystalline phases, while the last
yielded a somewhat dilfuse pattern only, indicating that the final residue was essen-
tially amorphous.

Due to the small water content of complex 3 (only 1.4H,0 molecules per CD
molecule), isothermal thermogravimetry experiments with this complex were unsuc-
cessful. Table 2 lists the kinctic data obtained for the dehydration of complexes 1 and
2., and for comparison, data for the dehydration of J-CD-12.5H,0 and y-CD-16.8H20.
Kinelic data for dehydration of both 1 and 2 were best described by the D3 (threc-di-
mensional diffusion-controlled) model, whereas F1 (first-order) and F2 (second-or-
der) models were appropriate for the dehydration of the corresponding parent hy-
drated CDs. Furthermore, the activation energies (E,) for dehydration derived from
Ink vs. 1/T plots were similar for the two complexes and significantly lower than
those ebtained for their corresponding parent hydrated CDs (Table 2). It should be
noted that the E, value obtained here for dehydration of B-CD 12.5H,0,
6412 kJ mol™', compares favourably with the value 65.7+3.1 kJ mol ' obtained car-
lier [11, although the non-isothcrmal methods used there led to the conclusion that
the dehydration is a zero-order process. On the other hand, first-order dehydration
kinetics were reported for hydrated 8-CD from an analysis of diffraction data mea-
sured from a single crystal exposed to a range of relative humidities {9]. In any
event, the use of the value 6422 kJ mol™" for hydrated B-CD obtained in this study
scems justificd in view of the known insensitivity of the derived E, valuc to reaction
order and the fact that it is being compared with £, values for the other compounds
whose kinelics were studied and analysed under the same conditions,

Analysis of complexes 1 and 2 by X-ray diffraction revealed the following essen-
tial features: (a) severe disorder of the guest CPIB moleculc in both the f-CD and
y-CD cavities which precluded their crystallographic modelling, (b) crystallo-

Table 2 Kinetic parameters for dehydration of complexes 1 and 2 and rhose for the corresponding
uncomplexed parent CD hydrates

Specics Kinetic moc_lel Regression EJ . Regr. ‘coeff.
for dehydration coeff. range kJ mol Arrhenius plot
1 D3 0.9947-0.9979 5042 0.9911
2 D3 0.9903-0.9991 43+1 0.9973
f-CD-12.5H,0 F1 0.9790-0.9988 6412 0.9978
y-CD-16.8H,0 F2 0.9853-0.9982 5844 0.9951
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graphically well-behaved host molecules which pack in ‘channel’ mode in both crys-
tals, (c) ordered and disordered water molecules located solely in the interstitial sites
of complex 1 (i.e. outside the CD cavity), and almost exclusively in the interstitial
sites of complex 2. It should be noted that for 1, structure refinement accounted for
7.0H,0 molecules per CD molecule out of the total of 8.4 estimated from TG analy-
sis, while for 2 these figures were 6.3 and 15.5 respectively. In the latter case, loca-
tion of water molecules was rendered more difficult due to their extensive disorder.
The possibility that a considerable proportion of the water is also located in the y-CD
cavity cannot therefore be ruled out.

Figure 3 shows projections of the crystal structures of 1 and 2 parallel to both the
host channels (containing disordered guest molecules) and the channels occupied by
the H,O molecules. The program MOLMAP [10] was used (o examine the water-
filled channel topologics. This revealed their conlinuity and unconstricted nature
along the z-directions in the crystals. The channel cross-sectional areas vary from
34-57 A%in 1 and from 44-97 A%in 2. Thus, migration of H,O molecules along these
channels should be unimpeded by the host CD molecules in both complexes. These
structural results are consistent with the TG-DSC profiles for 1 and 2 which have
similar overall features, including relatively low onset temperatures for dehydration.
They are also consistent with the finding that dehydration of both 1 and 2 follow a
diffusion-controlled kinetic model.

A dewiled study of the packing in the B-CD hydrate structure |9] showed that
there are no diffusion paths for H,O molecules in the static crystal structure and that
dehydration must involve conformational flexure of the host molecules to create

Fig. 3 [001] Projections of the crystal structures of 1 (upper) and 2 (lower), showing oxygen
atoms (filled circles) of H20 molecules occupying representative interstitial channels,
The CD cavities contain severely disordered guest molecules (not shown)
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such pathways. This crystal structure and that of the y-CD hydrate arc of the ‘cage’
or ‘fishbone’ type [11], with water molecules ‘locked’ in interstitial cavities and
within the CD cavities. Similar E, values obtlained here for dehydration of thesc par-
ent CD hydrates (64.58 kJ mol™!) are thus in keeping with their known crystal struc-
tures which are devoid of channels. It is therefore rcasonable to conclude that the
significantly smaller values of E, we obtained for dehydration of complexes 1 and 2
(50.43 kJ mol™') are consistent with the location of H;O molecules in unobstructed
channels which could facilitate water escape from the crystals. $-CD and y-CD com-
plexes frequently crystallize in the respective space groups C2 and P42,2 and we
predict, on the basis of their isomorphism with 1 and 2, that their dehydration will
also be characterised by relatively low activation energies.

Further investigation of the dehydration of complex 3 is warranted since X-ray
analysis revealed that, unlike the arrangement in complexes 1 and 2, water molecules
in this species are located inside the TRIMEB cavity where they mediate host-guest
interaction through hydrogen bending.
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