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Abstract: The host-guest inclusion of various organic solsemithin dehydrocholic acid
has been studied and the selectivity of enclattmatdetermined by competition
experiments.
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1. Introduction

The process of selective enclathration has beeahestun a variety of host-guest systems and bile
acids have shown a particular ability in the inmuasof organic guest molecules as aliphatic and
aromatic hydrocarbons, alcohols, ketones, estérdes, epoxides, amides etc [1]. In most casss, a
for example for cholic, deoxycholic, chenodeoxyatiobmide derivatives and norbile acids, the
inclusion aptitude of host molecules has been omefi in the crystalline state [1]. In recent yeaes
have studied the inclusion ability of dehydrochalaid 1 for the resolution of organic racemates [2] of
aryl methyl sulfoxides [3] and cyclic amides [4hcluding the precise definition of the different
structures involving the sole host or the host-gassemblies [5].

In this frame, it was found that dehydrocholic amdy be obtained in two polymorphic fornus,
andf3, the latter being thermodynamically more stable The a-form crystallizes in such a way that
two independent molecules are linked in dimersviy hydrogen bonds between the carboxylic acid
groups at C-24, whereas in tBeform two hydrogen bonds are formed between thbooatic acid
functionality and the carbonyl group at C-3.
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We now present the results of the inclusion processirring between dehydrocholic adidn its
o-form and different solvent molecules i.e acetonAC); dimethylsulfoxide (DMSO),
dimethylformamide (DMF), N-methyl-2-pyrrolidinon&MP). Competition between couples of these
guests withl and the related selectivities have been deternjified

2. Results and Discussion
2.1 Inclusion compounds

The host compountl was prepared by oxidation of cholic acid with flemes reagent [8], followed
by crystallization from acetone. The host prepanetthis way contains ordered acetone molecules in a
ratio 1:acetone of 2:1, as obtained ty NMR analysis. The guest acetone could be quaivedy
removed from the structure by heating under vacaudv0 °C to forni in the polymorphia-form.

The X-ray structure previously obtained far put in evidence the absence of channels which
characterize the crystal structure of many stecoihpounds [5a,b]; consequently this formlahust
have high flexibility to alter its structure to @aomodate guest species. Following these findings we
have prepared inclusion compounds of dehydrochadid with a variety of organic solvents, that
accommodate withid in assemblies of variable host:guest ratio as show able 1.

Table 1.Guests, inclusion ratio and selected resonancesdiusion in dehydrocholic acitl

Guest Host :guest ratio  SelectétiNMR resonancés
o 2:1 6 1.09 (s, 3H18-H3); 2.19 (s, 6HCOCHS3)
)J\ AC
i 1:1 0. 1.08 (s, 3H18-H3); 2.68 (s, 3HSCH3)
PN DMSO
o 1.2:1 0 1.08 (s, 3H18-H3); 3.00 (s, 3HNCHj3)
(CHRN H DMF
Q\v 11:1 51.08 (s, 3H18-H3); 3.44 (dd, J= 7.1 Hz, 2HNCH,)
CHs NMP

? resonances used to determine the host:guest fiatioimbering see structute
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Worthy of note in all cases the inclusion is reimes and the empty powder obtained after
evacuation under vacuum of the various guests #ghabX-ray powder diffraction (XRPD) pattern
with peak positions and intensity identical to tbathe original structure df a-form [5a], indicating
that the inclusion process and consequently thetsital change are fully reversible, equation () f
the DMSO caseThe inclusion compounds are formed by direct alismrwf the guest in solution into
the crystal lattice of solid dehydrocholic acid.

r.t.
1(ssa) + DMSO(I) 4_’ 1 eDMSO (s, a') (1)

170°C

In Figure 1 are reported the XRPD Jivith and without DMSO. In particular, pattern Aees tol
a-form [5a], pattern B to th&lDMSO inclusion derivative which shows a differenit vell-defined
chlathraten'-phase compared to A, and pattern C obtained tpating at 170 °C at 12 mmHg 4h.

2-Theta - Scale

Figure 1. X-ray powder diffraction (XRPD) pattern df asa-form (A), included with DMSO (B) and
after removal of the DMSO included guest (C).

The reversibility of the process is confirmed ahese studies demonstrated that the XRPD patterns
in the presence and absence of the guest are ectiedf means of monitoring structural changes that
may be occurring upon guest absorption-desorp8an [

2.2 IRanalysis

The IR analysis of the inclusion derivatives, obeéai in KBr pellets, evidenced a shift in the
characteristic vibrational modes of the sulfoxiawl aarbonyl groups of the different solvents, upon
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complexation, significantly moved to lower wavenwergowith respect to free SO and CO absorptions,
Table 2.

Table 2 Assignment and wavenumbers of the vibrationatlbdiKBr) of free dehydrocholic acid
DMSO, DMF, NMP and the related inclusion compounds.

Compound Guestvxo (cmi?) 1 veo (cmit)
1 1707

DMSO 1040 vso

1 [DMSO 1025 vspo 1707

DMF 1666 vco

1 DMF 1649 vco 1719, 1700

NMP 1667 vco

1 NMP 1650 vco 1719, 1705

In agreement with previous interpretations [10] kneering of the wavenumber of the sulfoxide
and carbonyl moieties absorption upon inclusioa @ear indication that coordination within theebil
acid host occurs, also for these new complexespugir the sulfoxide or carbonyl groups
(guest)QIH-O(host) hydrogen bonds, following a weakeninghaf XO bond strength, as depicted in
Figure 2.
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Figure 2. Assembly ofl a-form as obtained by X-ray analysis and proposeédrably for inclusion
solvents inl.

2.3 Thermal analysis

Thermal analysis (TG) and simultaneous thermaledifiitial analysis calorimetry (STDA) were
carried out on a Mettler Toledo TGA/STDA 851. Thertment results, collected for the inclusion
compounds:1-0.5 AC (clathrate A)1-DMSO (clathrate B);1-0.9 NMP (clathrate C)1-0.83 DMF
(clathrate D) are shown in Figure 3. The relaterves indicate that inclusion compourd®.5 AC,
1.DMSO andl-0.9 NMP decompose in a single step in the massdaowe (TG), whereas the STDA
analysis showed a first endothermic signal dueutesgloss, followed by a endothermic signal due to
the melt of the host, Figures 3 A-C.
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Figure 3. TG and STDA analysis df0.5 AC (clathrate A)1-DMSO (clathrate B)1-0.9 NMP
(clathrate C)1-0.83 DMF (clathrate D): asterisks denote the widimgs step(s).

Table 3. Thermal analysis result for the inclusion comsi

Inclusion Obs. weight| Calc.weight | Guest release Host melting | Bp of pure Ton-Th
compounds | loss from loss from Ton °C Tm °C guestTy °C

TG (%) NMR (%)
1.0.5 AC 6.0 6.7 86.2 244 56 30.2
(clathrate A)
1.DMSO 155 16 155 243 189 -34
(clathrate B)
1-0.9 NMP 18.5 18.3 160 243 202 -42
(clathrate C);
1.0.83 DMF 5.44 13.1 122 244 153 -31
(clathrate D) | 6.48 146 -7

1.06 184 31

Calculated (NMR), observed mass losses and onsgtetatures for guest releaseq(J as well as
the difference between,, the boiling point of pure guesty{)Tand the melting point ) of host for
each inclusion compound are given in Table 3 [The decomposition df-0.83 DMF (clathrate D) is
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more complex compared with previous cases. The Ui@ecin fact has three distinct steps but the
mass losses do not correspond to a simple stoigtigrand STDA shows three distinct endothermic
signals for the guest loss as well as one forhibet melt. To note that in the first three cases t
observed mass losses from TG traces are in googemgnt with the calculated value for that
particular host:guest ratio.

2.4 Competition experiments

Here we described the competition experiments atvidMP and DMF, DMSO and DMF, DMSO
and NMP for the host dehydrocholic acid. These grpnts were carried out in solid-liquid biphasic
system as follows. A series of 11 vials was magu&vith mixture of two guest, dissolved in a mixture
diethyl ether / ethyl acetate 80/20, such thatioée fraction of a given guest varied from O tol'he
insoluble host was added to each mixture keepiagdtal guest : host ratio at 20 : 1. The vialsever
sealed and left at room temperature for 24 hotmes;iiclusion compounds were filtered off, washed
with diethyl ether and dissolved in chloroform. $hesolutions, as well as the mother liquors, were
analysed by gas chromatography. The results anersin Figure 4 A-C, in whictX represents the
mole fraction of a given guest in the liquid miduandZ that of same guest entrapped in the crystals
[12]. The diagonal line represent zero selectivity.
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Figure 4. Competition experiments of two different guestthwespect to dehydrocholic acid host.
(A): selectivity of dimethyl sulfoxides dimethylformamide; (B): selectivity of dimethyllfoxide vs
N-methyl-2-pyrrolidinone; (C) selectivity of N-meath2-pyrrolidinonevs dimethylformamide.

The results of Figure 4A show that DMSO is preféedly enclathrated over DMF when its mole
fraction Xpmso is > 0.2; before this value the selectivity is €de zero. Similarly, Figure 4C, NMP is
preferentially enclathrated over DMF when its mdtaction Xywp is > 0,3. The competition
experiments carried out between DMSO and NMP shaweéifferent behaviour, Figure 4B, being the
selectivity dependent on the concentration of tiesty The coordination of DMSO is, in fact, strongl
favoured when its mole fraction3s0,5, while enclathration of NMP is preferred belthis limit.

In summary, a multiple technique approach appledrganic inclusion compounds confirmed to
be particularly useful for the study of complextsyss. In the present case XRPD, IR, TG and STDA
analysis were used to investigate the inclusiorcgse occurring between dehydrocholic akiidh its
o-form and different solvent molecules i.e aceton®C), dimethyl sulfoxide (DMSO),
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dimethylformamide (DMF), N-methyl-2-pyrrolidinon@&P). Dehydrocholic acid has a remarkable
ability to reversibly bind guest molecules fromiddiquid biphase. Competition between couples of
these guests with and the related selectivities have been determined

3. Experimental Section

'H NMR spectra were recorded in CRGdolution with a Varian Gemini 300 spectrometer
operating at 300 MHz, with TMS as external stand#iRd spectra, were run with a Nicolet 510P
spectrometer operating in Fourier transform modeayXpowder diffraction analyses were recorded
with Bruker D8 advance diffractometer. Thermal gmat were carried out on a Mettler Thermo-
gravimetry and on a Toledo TGA/STDA 851. GC wadqgrened with Fisons 9000 series instrument,
equipped with a capillary Megadex DETTBS column.,ABASO, DMF, NMP were p.a. quality and
used as obtained from the supplier.

Preparation of inclusion compounds by absorptiothot: Crystals of (100 mg, 0.25 mmol) were
dipped in a solution (2mL) of appropriate guesini®ol) in diethyl ether/ethyl acetate (80/20) airmo
temperature. After 24 h the solid was collectediltnation, washed with diethyl ether (5 mL), dried
air and analyzed for the presence of respectivetgudH NMR analysis.

Competition experiments were carried out betweers pd guests as follows: 50 mg (0.125 mmol)
of 1 was added to each solution of a series of 11 wealde up with mixture of two guest in diethyl
ether/ethyl acetate 80/20 such that the moleitnacof a given guest varied from 0 to 1. The ltota
guest-host ratio was kept at 20:1 in each caseVvietle were sealed and solid-liquid mixtures keft
room temperature for 24 hours. The inclusion compguwere filtered off, washed with diethyl ether
and dried at room temperature. About 5 mg of ctystd various inclusion were dissolved in
chloroform (2 mL); the solutions were analyzed Bs gchromatography. The ratio of the guest
compounds are calculated from the integratiothefpeaks after calibration.
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