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Inthelastdecade, i~~~ti~h~ btmidwc8edto&e ~v~~~i~~~ u&ecu&in&e 

formation of inclusion complexes with the purpose of sepan&ug ~~t~.l Some phenoiic a&ane compou& 

designed on the basis of phenolic species as simple building blocks are useful to this end, and abilities of some 

compounds to act as hosts for several molecules have bee0 already pointed out.:! We have recently found that 

1.1;2,2-&t&is@-hydroxyphenyljethane (1) forms qstaliiue 1:2 or I:4 inclusion complexes with various n- 

donors, such as alcohols, carbouyl compounds and so on. 3 The inclusion formation of 1 is chiefly &rived from 

hydrogen bondiug intemctions bt@veen the host and guest molecule~.~ However, it is not understood in d&ail yet 

how the phenolic alkane compounds such $9 1 rzqniz~ guest molecules and includes them. In this paper, we 

report the remarkable guest selectivity of 1 derived fmm solvent tompetition expeximents, and discuss the 

relatiotudiip between the iuclusion mode and the in&u&m sekztiviity. 

Competitive incorporations of guest molecules were studied by req&aUiion of 1 from wponeat 

solvent tnixture~.~ The results am summ&.ed in Table 1. In mauy cases. 1 showed strong affiity tow&s one 

guest in the solvent mixtures. For example, in combination with jx3tential guests. which differed from each other in 

the nature of fun&mal group, highly selective inclusion phenomena of 1 were obss-xvd {ntries 2,3,4,5,6, aIKi 

7 in Table 1). However, in ~~ with homologous compouads (Entries 8, 10,13, and 14 in TeMe 1). 1 did 

wt dienate the one fmm the other. The hydrogen bonding in&actions between the h@ aud guest molecules 

are e&mated to play an hqortant roie in the inclusion formation of 1. 4 Co&de&g the hydrogen bonding modes 

between the host and guest molecules. it helps to understand how 1 pemeives emh of the mpommts in the 

mixtums. In the hydrogen baud f&on with 1, the n-donors such as ac&miwile. awltone, pyridine and cyclic 

ethera an: able to act as a hydrow acceptors toward the phetic hydroxyl groups of 1. In contmst, pyrmle. 

which is a weak acid. is able to act pm&mia&y as a hydrogen donor, while ak&ois with one hydtvxyl group cau 

act as both hydrogea ~~~~ them. 4 This suggests that tbefe am diffeie& inclusiou modes for the 

akin complexes of 1 with alcohols aad the other guests. But for the inclusion complexes of 1 with the 

individual guest qxcies. similar inclusion formation with simi~ host-guest asso&tive areexpected. The 

host 1 did not succeed in discriminating between different species such as the solvent m&area of 
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acetonefacetonittil~ which am similar to each other in the chsmckrktics of hydrogen bonding moieties (E&y 1 in 

Table 1). This fact demonstrates that the inclusion selectivity of 1 is closely ommected with the hydrogen bonding 

modes based on the hydrogen donorkcceptor relationship between the host and guest molecules in the inclusion 

foxmation.6 On the other hand, intmcahgly, in combination with homologous but diffemntly branched (Entry 11 

in TabIe I), lengthened fEntry 9 in Table l), or bulked compounds (E&-y 12 in Table l), several sekctive inclusion 

phenomeaa were observed_ ilImtmting strict do effects regarding the size and shape of guest moIecules. 

These phenomena indicate that the inciusion formation is strongly ir&enced by the stmctum ~~~t~~~* 

and the complex-forming ~~i~~ selectivity of 1 deptds not oaiy on chenical but aho on steric interactions 

betwea the host and guest mokcules. 

Table 1. Selective guest inelusion of 1 from hvo-comuonent solvent mixtums 

Recrystallizstion solvent mixtum 
(I I II)@ 

Host : I : II 
molarmtiob) 

1 acetone I acetonitrile 

2 acetone/methanol 
3 acetone / 2-propsno 

4 acX!tonitrile I methanol 

5 a&onitriIe / 2-propand 

6 p~~/~~l 

7 p~e~~I 

8 t&ahydrofumn I 1,kIioxane 

9 I-ptopenol I methanol 
10 L-propanol /ethanol 

11 1 -propauol / 2-propanol 

12 2-pmpanol / methanol 

13 2-propan I ethanol 

14 methanol / ethanol 
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1 
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2:2 

0:2 
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0:2 

0:2 

1:3 

I:1 

a) Flquimolar ratio. b) Determined by NMR integration. 

In order to clarify the relationship between the inclusion mode and the inclusion selectivity, 13C NMR sp”-ctra 

of the free host 1 and seven inclusion ccmplexes of 1 with methanol (12) (2). &hanoi (1~2) (3), 2-popand (1:2) 

(4). acetonitrile (1:2f (5). aEetone (1:2) (6). tetmhydrof man (1:4} (7) and 1.4-dioxane (1:4) (8). were mcorded in 

the solid state using the CPMAS (cross polsrizationkagic angle spinning) techniqim7 The spectra are shown in 

Fig. 1. Concerning the spectra of inclusion complexes with alcohols. the two compIexes of 2 and 3 present similar 

signal pattems except for the signal of each akohol guest. In the same way, the two spedra of 7 and 8 are also 

very similar to each other This indicates that their complexes exist as the same conformer with the same host-guest 

interactions in the solid state, and accordingly it suggesta that 1 is not abIe to diffemntiate between their homologs. 

On the other hand, them are some signikant diffemm among the signal patterns of the phenolic carbon of 1 in the 

three specha of b), c) and d). The four phenolic carbon atoms (C4, C4’, C7. and CT) of 1 in the spectrum d) 

appear as a single peak at 154.4 ppm. but in the two spectra of b) and c). they exhibit two peaks of nearly equal 

intensity for splitting. This diffemnce is probabIy due to larger steric hindrance in the 2-pmpanoIs than methanol 



mm 
?3g. 1. 1% CPMAS l?hm 
~~~~~~~1 intbe 
1, b): 2, e): 3, d): 4, e): 5, f): 6, g): 7, b): 8. 
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in determinin g the hydrogen bond formation between the host and guest molecules. Furthermore, notice that them 

aretwotypesofsignalpatternsofthemethinecarbonofl inallspectra. ~typeisobservedineachspectrumof 

2-5. 7 and 8 as a single peak, indicating that the host 1 exists as a cev conformer of which two 

met&e carbon atoms (C6 and C6’) are equivalent in the solid state. 4 Anothertype is observed in each spectrum of 

1 and 6 as two peaks of nearly equal intensity for splitting, suggesting that an mqmmebical conformation for 1 

takes place in the solid state. In an attempt to understand the influence of the conformation of 1 on the inclusion 

formation, the MM2 molecular mechanics calculation for 1 was carried out8 The ten tmqmmetrical conformer la. 

which is in accordance with the X-ray structure of the crystalline complex 2.4 has higher stezic energy (-0.97 

kcaVmo1) than the optimized conformer 1 b (-1.77 kcalhol) suggesting aa unsynnetical cod-r for the free 

host 1 from Fig. la. These results suggest that a centrasymm&ical confomxation for 1 is an intentionally distorted 

form in the construction of inclusion complexes. 

In conclusion, the hydrogen bonding system in the host-guest aggregatas plays a decisive role in the inclusion 

formation in the solid state, and leads to selectively included complexes. it is derived from the hydrogen 

donor/acceptor relationship between the host and guest molecules which is connected with the functional group 

characteristics of the guest molecules, and is constructed on the basis of the structural adaptation of the guest 

molecules with the conformational change of the host molecule in the host-guest aggregates. On the basis of this 

knowledge, we are now going to design and synthesize other characteristic host molecules. 
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