
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Supramolecular Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713649759

Interaction of achiral host and guest in a chiral solvent as studied by
circular dichroism spectroscopy. Complexation of esters and ethers with
calix[4]resorcarene in limonene
Yasuaki Kikuchia; Yasuhiro Aoyamab

a Department of Chemical and Biological Engineering, Hachinohe National College of Technology,
Hachinohe, Aomori, Japan b Institute for Fundamental Research of Organic Chemistry, Kyushu
University, Higashi-ku, Fukuoka, Japan

To cite this Article Kikuchi, Yasuaki and Aoyama, Yasuhiro(1996) 'Interaction of achiral host and guest in a chiral solvent
as studied by circular dichroism spectroscopy. Complexation of esters and ethers with calix[4]resorcarene in limonene',
Supramolecular Chemistry, 7: 2, 147 — 152
To link to this Article: DOI: 10.1080/10610279608035190
URL: http://dx.doi.org/10.1080/10610279608035190

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713649759
http://dx.doi.org/10.1080/10610279608035190
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SUPRAMOLECULAR CHEMISTRY, Vol. 7, pp. 147-152 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1996 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands under license by 

Gordon and Breach Science Publishers SA 
Printed in Malaysia 

Interaction of achiral host and guest in a 
chiral solvent as studied by circular 
dichroism spectroscopy. Complexation of 
esters and ethers with calix[$]resorcarene 
in limonene 
YASUAKI KIKUCHI' and YASUHIRO AOYAMA"' 

'Department of Chemical and Biological Engineering, Hachinohe National College of Technology, Tamonoki, Hachinohe, Aomori 
039-11, Japan and 21nstitute for Fundamental Research of Organic Chemistiy, Kyushu Universi@, Hakozaki, Higashi-ku, 
Fukuoka 812-81, Japan 

(Received September 1, 1995) 

When dissolved in limonene as a chiral hydrocarbon solvent, 
calix[4]resorcarene exhibits induced circular dichroism (CD). The 
CD intensities become weaker in the presence of increasing 
amounts of an ester or ether as a guest. This is due to the formation 
of an achiral host-guest complex, which competes with the chiral 
host-solvent interaction. Analysis of the CD data allowed charac- 
terization of the host-guest complexes in terms of binding constants 
and stoichiometries. The major driving force of the complexation is 
host-guest hydrogen-bonding. Dimethyl dicarboxylates and diac- 
etoxyalkanes form expectedly more stable complexes than the 
corresponding monoesters; diesters are capable of multiple host- 
guest hydogen-bonding. The affinities of monoesters are remark- 
ably dependent on the chain-lengths of the alkyl moieties; this 
provides further evidence for the importance of guest-host CH-m 
or van der Waals interactions. Diesters having an appropriate 
chain-length exhibit a 2:l (host to guest) stoichiometry. The 
complexation of higher homologs of ethyleneglycol dimethyl ether 
shows a similar 2:l or 3:l stoichiometry. These results strongly 
suggest that the host molecules cluster around a diester or an 
oligoether guest in a highly cooperative manner via host-host 
hydrogen-bonding. The potentiality of the present CD method for 
the evaluation of achiral host-guest interaction, especially that in a 
hydrocarbon solvent, is discussed. 

INTRODUCTION 

Calix[4]resorcarene (1, Chart I; four circles represent 
hydrogen-bonding sites composed of a pair of hydrogen- 

*To whom correspondence should be addressed. 

bonded OH groups) forms hydrogen-bonded complexes 
with a variety of hydroxyl guests such as mononols and 
p~lyols , ' -~  including sugars4 and carboxylic acids5 The 
complexation processes can be conveniently followed by 
either 'H NMR'*3-5 or CD (circular dichroism) spectros- 

The NMR method is far less successful for 
non-hydroxyl guests such as esters and ethers, which 
give only complexatioddecomplexation-averaged sig- 
nals. The CD method, on the other hand, is applicable to 
both hydroxylic and non-hydroxylic guests including 
hydrocarbons, provided that they are chiral. The present 
work is concerned with the use of limonene as a chiral 
hydrocarbon solvent. We report here that the complex- 
ation of achiral esters and ethers in this particular solvent 
can be followed very conveniently by the CD method. A 
highlight of the present work is that diesters and oligo- 
ethers form stable 2: 1 or 3: 1 (host to guest) complexes. 

RESULTS AND DISCUSSION 

Complexation of Esters in Limonene As a Chiral 
Hydrocarbon Solvent 
Lirnonene (2) is a terpenoid hydrocarbon. When dis- 
solved in this solvent, host 1 (1 mM) exhibits CD with a 
positive Cotton effect at 303 nm, whose intensities 
become weaker in the presence of a monoester (methyl 
carboxylate (3) or alkyl acetate (4)) or diester (dimethyl 
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dicarboxylates (5) or diacetoxyalkane (6)), as typically 
shown in Figure 1 for hexyl acetate. In Figure 2 are 
shown the CD intensities (observed ellipticities) as 
plotted against [ester] for six representative esters, i.e., 
methyl hexanoate and hexyl acetate as monoesters, 
dimethyl succinate and 2,3-diacetoxybutane as short- 
chain diesters, and dimethyl glutarate and 1 ,Cdiace- 
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Figure I. CD spectra for solutions of host 1 (1.0 mM) and varying 
amounts of hexyl acetate in limonene at 25 "C; [ester] = 0, 20,40, 60, 
and 90 mM, read from A to B. 
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toxybutane as long-chain diesters. All the titration curves 
exhibit a saturation behavior. On the other hand, diesters 
are much more effective in lowering the CD intensities 
than monoesters. The concentrations of the esters ([ester] 
,,2) which cause a 50% inhibition of the CD intensities 
are summarized in Tables I (monoesters) and I1 (di- 
esters). 
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Figure 2. Correlation of observed ellipticities (0) with [guest] at 25 
"C for the complexation of host 1 (1.0 mM) with methyl hexanoate (a), 
hexyl acetate (b), dimethyl succinate (c), 2,3-diacetoxybutane (d), 
dimethyl glutarate (e), and 1 ,Cdiacetoxybutane (f). 
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TABLE I Relative Inhibition Abilities ([guest],/2) and Binding Constants ( K )  for Complexes 1.3 and 1.4 in Limonene at 25°C 

The appearance of CD is a consequence of chirality 
induction2 in otherwise achiral host 1 upon interaction 
with a chiral solvent limonene. This host-solvent inter- 
action, may it be in the form of chiral solvation or 
formation of a chiral complex, is subject to a competitive 
inhibition by more potential ester guests, as shown 
below. 

Stoichiometries of Host-Ester Complexation 
The host-guest stoichiometry can be conveniently ob- 
tained by continuous-variation (Job) plots. Figure 3 
shows the observed ellipticities (8) as plotted against 
mole fractions of the host (f,) under conditions [l], + 
[GI, = 2 mM (t = total and G is guest) for four diesters. 
If there were no host-guest complexation, we would 
expect ellipticities on the dashed line in Figure 3. The 
differences between observed and hypothetical elliptici- 
ties (Ae) then correspond to the formation of host-guest 
complexes. Continuous variation (Job) plots of A0 vs fi 
are shown in Figure 4. For short-chain diesters (dimethyl 
succinate and 2,3-diacetoxybutane), a maximum occurs 
at f, = 0.5, indicating a 1:l host-guest stoichiometry. 
Long-chain diesters (dimethyl glutarate and 1,4-diac- 
etoxybutane), on the other hand, show a maximum at f, 
= 0.67. They thus form 2:l (host to guest) complexes, 
whose structures will be discussed later. 

Binding Constants 
Full analysis of the present complexation requires a 
detailed knowledge about the 1-solvent interaction. 
However, this is not a particular aspect of the present 
system. Homogeneous host-guest complexation always 

involves a competition between guest and solvent mol- 
ecules for the binding site of the host. For the sake of 
simplicity, solvent molecules are usually not explicitly 
taken into account. Along this line, the present complex- 
ation may be expressed as in eq 1, where H* and HG are 
solvent-accompanied chiral host and an achiral host- 
guest complex, respectively. Such being the case, the 
binding constants can be exressed in terms of ellipticities 
in reference to Figure 2 (eq 2,  t = total). When n = 1, 
rearrangement of eq 2 leads to a linear Benesi- 
Hildebrand relationship (eq 3) in a usual manner. For 
monoesters and short-chain diesters, the inhibition data, 
as shown in Figure 2,  gave a consistent value of K when 
put in eq 2 (n = 1) and yielded an excellent straight line 
when treated according to the Benesi-Hildebrand type 
relation (eq 3) in every case.6 For long-chain diesters, 
such plots of U ( O t  - 8) vs l/[G], gave a significant 
curvature. The inhibition data for these guests were 
satisfactorily analyzed in terms of a 2:l (host to guest) 
stoichiometry (eq 1, n = 2) and gave consistent results 
when treated according to eq 2 (n = 2). The stoichiom- 
etries (either 1 :I or 2:  1) thus evaluated show a complete 
agreement with those independently determined from the 
Job plots. All the binding constants are summarized in 
Tables I and 11. The solid lines in Figure 2 are calculated 
lines based on R s  obtained. 

nH* + G 5 nH.G 
? 

[nH-G] 8, - 8 K=-- 
[H*]"[G] - 8"[Gl, (2) 

TABLE I1 Relative Inhibition Abilities ([guest],,,) and Binding Constants (A') for Complexes 1-5 and 1.6 in Limonene at 25°C 
entry guest [guest],,, (mMY 1:l complex K (M-') 2: 1 complex K (M-') 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

5;  X = -CH,- 
5; X = -(CH2)z- 
5;  X = -(CHZ),+ 
5;  X = -(CHJ4- 
5; X = -(CHJg- 
6; X = -(CH&- 
6; X = -CH(CH,)CH(CH,)_ 
6; X = -CH(CH,)CH,CH,- 
6; X = -(CHJ4- 
6; X = -(CH7)<- 

4.2 
3.1 
2.3 
3.1 

2.7 
9.6 
3.4 
0.81 
3.6 

19 

2.7 X 10, 
3.8 X 10' 

5.0 x lo5 
3.5 x 105 

5.5 x 10 
4.5 x 10' 
1.1 x lo2 

3.2 x 105 
1.8 x lo6 
3.0 x 105 
8.5 x 104 28 6; X = -(CHi)i- 12 

a) Concentrations which cause a 50% inhibition of the CD intensity. 
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Figure 3. Correlations of observed ellipticities (13) (solid lines) with 
mole fractions of host 1 (f,) at 25 "C for the complexation of 1 and 
dimethyl succinate (a), 2,3-diacetoxybutane (b), dimethyl glutaratc (c), 
or 1,4-diacetoxybutane (d) under conditions of [l], + [guest], = 2 mM 
and hypothetical ellipticities (dashed line) in  the absence of host-guest 
complexation. 

1 1 1  1 1 
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Selectivity 
The binding constants of monoesters (Table I) are 
dependent on the alkyl groups. Those of methyl alkan- 
ecarboxylates (entries 1-9) increase with increasing 

0.0 0.2 0.4 0.6 0.8 

f I 

0 

Figure 4. Job plots of AR vs f, for the complexation of 1 and 
dimethyl succinate (a). 2,3-d1acetoxybutane (b), dimethyl glutarate (c), 
or 1.4-diacetoxybutane (d) under conditions of [l], + [guest], = 2 mM. 

chain-lengths up to hexanoate (entry 6). Further elonga- 
tion of the alkyl groups results in reduction in K's .  Alkyl 
acetates exhibit a similar chain-length dependence (en- 
tries 10-17), where maximum occurs at the hexyl ester 
(entry 15). We have previously demonstrated that there is 
a substantial contribution of the guest-host CH-.rr inter- 
action to the formation of hydrogen-bonded complexes 
between alcoholic guests and host 1 in chl~roform.~ Such 
a binding mode must be true also in the complexation of 
esters. The hydrogen-bonding and the CH-T interactions 
may be balanced to give an optimal binding at around C,. 
Figure 5 shows a CPK molecular model for the complex 
between host 1 and methyl hexanoate. 

Short-chain diesters, either dimethyl dicarboxylates 
(entries 18 and 19 in Table 11) or diacetoxyalkanes (23 
and 24) form significantly stabler 1 : 1 complexes than the 
corresponding monoesters (Table I), in a similar manner 
as dicarboxylic acids5 and diols' do so as compared with 
monoacids and monools. This is readily understandable 
on the basis of multiple host-guest hydrogen-bonding. 
The formation of 2:1 (host to guest) complexes from 
long-chain diesters (entries 20, 21, and 25-28) suggest 
that the two ester groups in the guest interact with 
different hosts. The stability in terms of [g~es t ] , ,~  and 
cooperativity in such a ternary complex is far from 
evident and may be explained by assuming that the two 
host molecules bridged by a diester guest are hydrogen- 
bonded with each other, as schematically shown in 
structure 7 (dashed lines represent hydrogen bonds). This 

Figure 5. 
anoate). 

A CPK molecular model for complex l.(methyl hex- 
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7 

interpretation may be supported by the failure of dim- 
ethyl sebacate (entry 22) to form a 2:1 complex. It only 
forms an apparently 1:1 complex, indicating that sepa- 
ration of the two ester groups in this guest is so long that 
they are practically independent of each other. 

Complexation of Ethers 
Ethers are another type of molecules which serve only as 
hydrogen-bond acceptors. The ethers investigated here 
are tetrahydrofuran (8; entry 29 in Table 111) and ethyl- 
eneglycol dimethyl ether (91, entry 30) together with its 
linear (9,,, entries 31-33) and cyclic (10, entry 34) 
homologues (Chart I). Typical titration curves are shown 
in Figure 6. The effects of multifunctionality are dra- 
matic here again. The efficiencies in terms of [guest],,, in 
inhibiting CD intensities become more pronounced with 
respect to the polyether skeletons in 9 in the order 9, 
(ethylene glycol) < 9, (diethylene glycol) < 9, (triethyl- 
ene glycol) < 9, (tetraethylene glycol) 48-crown-6 (10) 
(Table 111). 

Figure 7 shows the observed ellipticities under 
continuous-variation conditions for the complexation of 
9,, 9,, and 10. Figure 8 shows the Job plots derived 
therefrom. A maximum occurs at fi = 0.67 for dimer 9, 
or 0.75 for higher homologues 9, and 10, indicating a 2: 1 
or 3:l (host to guest) stoichiometry, respectively. These 
results suggest again that host molecules cluster around 
an oligoether guest in a highly cooperative manner as a 
result of intracomplex host-host hydrogen bonding. The 
titration data in Figure 5 were satisfactorily analyzed on 
the basis of eqs 1 and 2 with respective stoichiometries 
indicated above (n = 1, 2 ,  or 3). The binding constants 
obtained are shown in Table 111. The agreements between 

TABLE 111. Relative Inhibition Abilities ( [gue~t ]~ ,~)  and Binding 
Constants ( K )  for Complexes 1.8, 1.9 and 1.10 in Limonene at 25°C 

entry guest [guest],,, 1:1 complex 2:1 complex 3:1 complex 
(mM)" K ( M - ' )  K(M-') K ( M - , )  

29 8 91 11 
30 9, 24 43 
31 9, 1.3 1.0 x 106 
32 9, 0.26 1.5X10'0 
33 9, 0.20 4.3X10'0 
34 10 <0.20 >4.3X1010 

a) Concentrations which cause a 50% inhibition of the CD intensity. 

" I  1 

0 10 20 30 40 50 

[guest] (mM) 

Figure 6. Correlations of observed ellipticities (0) with [guest] at 25 
"C for the complexation of host 1 ( I  .O mM) with 9, (a), 92 (b), 93 (c), 
and 94 (d). 

observed and calculated titration curves in Figure 5 are 
excellent again. 

CONCLUSIONS 

The present work may be summarized as follows: (1) 
The interaction of host 1 and a chiral hydrocarbon 
solvent limonene is enough to induce a chiral deforma- 
tion of the multibenzenoid macrocyclic skeleton of the 
host. This results in induced CD. (2) The complexation 

h m 
a, 
-0 
E 
v 

m 

0.0 0.2 0.4 0.6 0.8 1 

f 1 

Figure 7. Correlations of observed ellipticities (0) (solid lines) with 
mole fractions of host 1 (fJ at 25 "C for the complexation of 1 and 9, 
(a), 9, (b), or 10 (c) under conditions of [l], + [guest], = 2 mM and 
hypothetical ellipticities (dashed line) in the absence of host-guest 
complexation. 
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0 ,  
0.0 0.2 0.4 0.6 0.8 

f l  

Figure 8. 
9, (b), or 10 (c) under conditions of [l], + [guest], = 2 mM. 

Job plots of A0 vs f, for the complexation of 1 and 9? (a), 

used NMR solvent is more polar and a trace amount of 
water, which is not readily removed, can make tremen- 
dous effects on host-guest hydrogen-bonding. 

EXPERIMENTAL SECTION 

Host 1 was prepared as de~cribed.~ Commercially avi- 
able limonene (2) was purified by column chromatogra- 
phy on silica gel to remove oxygenated impurities. CD 
spectra were obtained with a JASCO J-500C spectropo- 
larimeter at 25 "C. The CD data were analyzed in a 
similar manner as reported.2 
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