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Abstract

Some aspects of complex formation, liquid—liquid extraction, and transport through liquid membrane of various amine
compounds like ammonium ion, amines, amino acids and peptides, with macrocyclic receptors, such as crown ethers,
cryptands, calixarenes, and cucurbituril are presented. Kpg\H, and T AS data are reported for reaction of some
representative complexes of the amine compounds by macrocyclic receptors obtained from different techniques such as
calorimetric and potentiometric titrations, or spectrophotometric methods in various solvents. Solvent extraction and trans-
port of these complexes through bulk liquid membranes are also studied. Based on these studies, the effect of some factors
that might influence the complex formation, the extraction, and the transport through liqguid membranes are discussed.

Introduction extensively used to selectively separate alkali and alkaline
earth cations, heavy metal ions, and ammonium compounds

The amines are among the most important molecules in n#2M their mixtures by solvent extraction [17-22] or by
ural living systems. Many biologically active amines contaifduid membranes [23-26].

substituted ammonium compounds. In biological molecular N supramolecular chemistry, liquid membranes are fre-
recognition, the study of substituted ammonium compoungélgently used to evaluate complexation and transport prop-
by receptor molecules is an essential issue for understaféfies of receptors. Liquid membranes in amino acids and
ing the interactions between biological molecules and thdieptides separations benefit from enhanced transport by us-
applications in separation science. ing a selective carrier of anionic or cationic form dissolved

Many studies were focused on the design and synthellsan organic solvent. The carriers used for this purpose
of a great variety of functionalized macrocycles like crowHiclude macrocyclic ligands. The approach in modeling bio-
ethers, aza crown ethers, cryptands, calixarenes, and lagical transport systems made of enantiomeric amino acids
curbituril, which are able to recognize and/or exhibit catday be figured out using liquid membranes containing chiral
lytic activities on biologically interesting ammonium guest§fown ethers. There was also reported the enantioselective
(amino acids, biogenic amines, and peptides) [1-3]. T#énding capability of chiral macrocyclic receptors as chiral
attractive properties of synthetic macrocyclic receptors theglectors [27-29]. Separation of optically active compounds
are able to form complexes with various compounds H liquid membranes is of current interest [30-32]. The
noncovalent interactions are used in understanding the pReantiomeric ammonium cation complexation by a chiral
nomenon of biochemical specificity, especially in the area B¥ridine-containing macrocycle was studied by Bradskaw
molecular recognition. al. [33].

Synthetic receptor molecules like crown ethers, first syn- The calixarene derivatives are well-known receptors,
thesized by Pedersen [4], cryptands [5, 6] and spherarYMIQiCh are biomimetically important in host—guest chemistry
[7], with multiple recognition sites and various geometriegince they are able to interact with organic guest molecules,
[8-11] are mostly important in biological studies such ds€-» @ammonium and carboxylate ions via their aromatic cone
enzyme models, in phase transfer catalysis, and in ana@@vity. They exhibit ion selectivity for several metal ions
tical chemistry [12—16]. Macrocyclic ligands are able t@nd they also recognize the chirality of amines and amino
form stable and selective complexes with appropriate sulcids [34-37]. The calix[4]arenes have the ability to form
strates by hydrogen bonds, ionic interaction, and/or hgomplexes with quaternary ammonium cations, as well as
drophobic interactions. The forces that contribute to tH&0line and acetylcholine [38, 39].
stabilization of the complexes formed between macrocyclic Generally, the main importance of liquid-liquid extrac-

hosts and guests are of a noncovalent nature. They wlf# concerns ion separation. The factors that may influence
the liquid-liquid interface in biphasic systems are usually the
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interfacial tension, potential, and the viscosity. For study Iﬁ /_>'\ jﬁ
ing the structure of interfaces between two non miscibl Y ° /.° ° e ° .°
; D Y o

solvents, the spectroscopic methods and computer simu o o H—N N—H N’(”‘o"):o

N

tion were employed. One of the most important aspects & _} Q‘ OJ & J
. . [e] (o]
ligands (calixarenes, cryptands, crown ethers) as extract: S / S
molecules concerns their affinity for the interface and so the
behave as surfactants [40] crown ethers aza crown ethers cryptands

Our experimental and theoretical work on these tor o s "
ics was mainly dedicated to (i) the complexation of som,.; . s wt . 22 m=tnco 22
protonated and unprotonated aminesb(tylamine, sec- n=2 . 2 m=n=1 22
butylamine tert-butylamine, aniline, 4-methylbenzylamine, Figure 1. Crown ethers, aza crown ethers, and cryptands.

N-methylbenzylamine, N, N-dimethylbenzylamine) with

crown ethers (15-crown-5, (15C5), 18-crown-6, (18C6), . . .
dibenzo-18-crown-6, (DB18C6) in methanol) [41, 42], and According to the data presented.m the_ literature, the
ptands form stronger complexes with cations than crown

interactions between protonated amines, azacrown eth%r:%’ers This aspect is due to the greater encapsulation of the
and cryptands with dibenzocrown ethers by a new spet-.” ™ P 9 P

trophotometric technique in aqueous solution [43]; (ii) thgatlon by the donor group chains [55].

solvent influence upon some complex formation between There are many factors that favor the complexation

croun erers and unproonated amine and amino scfO0 S 5 ) wpolary sohents, (. gecd 226
[44-47]; (iii) the complexation of some-amino acids P 9 '

(L-leucine, L-isoleucine, L-phenylalanine, L-valine, L—'tﬂt?e host, and (.'Vt)t?e p:rr]esenceto'l;?onorgljrou??nthedhost
methionine, glycine, L-cysteine, &-alanine, L-tryptophan) I: a;ena&prggggteoloer.n ?hgucisrﬁ Ieszt%%\/?ln e;rp])egsence
by several crown ethers, viz. 18C6, B18C6, monoazB2Y> an Impor rolel plexation strength [55].

18-crown-6 (1 aza-18C6), diaza-18-crown-6, and crypta% The thermodynamics of complexation between some
|-

[2.2.2]in methanol or aqueous solution [48-50]; (iv) solve Ipeptides _and 18C6 in water was also studied [56.]'
extraction and transport of these complexes through bulk -hese studies demonstrated that the structure, the physico-

quid membranes [24-26, 51-53]. Based on these studies,?ngmical properties of the complexes, and.the sgle_ctivity in

effect of some factors that might influence both the extragpgfgzxggot?] %?pin?c?; IZﬁeTrZ?goncﬁlg tﬂ;?f t::ddlgg Fi/DE,

tion and the transport through liquid membranes was fouRd P peptide penetration I '9 VIL.
The structure of ammonium cation complexes with

[22]. The molecular recognition aspects of complexation of ) . : .
dipeptide, glycyl-L-leucine, by various macrocyclic ligand rown gthers like 18C6 was observgd in solution [57], in
(18C6, B18C6, and DB18C6) and cryptand [2.2.2] were il SOlid state phase [58,59], and in the gas phase [60].

vestigated [54]. The ability of cucurbituril as a macrocyclic he formation of macrocyclic ligand complexes with amine

. : ggmpounds can be studied by using many experimental tech-
receptor to form complexes with amine compounds was al ) L )
studied. nigues, such as calorimetric titration, NMR, conductometric

In the present review we survey some aspects of Comé}ration, potentiometric titration, mass spectrometry, X-

exation, liquid—liquid extraction, and the transport throug Ay Langmuir or Langmuir—Blodgett techniques [61]. The
liquid membranes of some amine complexes by macrocycﬁ
receptors. Due to a very large number of remarkable reports

on these topics, we briefly refer to the most representative

works and place the emphasis on our contributions in t&Mplex formation of different amine compounds by
field. macrocyclic receptors

8Ivent plays an important role in the complexation constant.

Complex formation of different amines by crown ethers

Structures and some properties of amine complexes The possibility of crown ethers to interact with the biologic-
ally interesting ammonium and substituted ammonium ions
It is known that the most remarkable property of crowthrough hydrogen bond formation was extensively investig-
ethers and cryptands is their ability to bind various speciased [8, 18, 62—66]. Crystal structures of ammonium cation
(Figure 1). complexes suggest that the complementarity betweeji NH
Selective recognition of primary ammonium ions aand 18C6 is perfect [6].
guest molecules by synthetic receptors through the forma- Concerning the complex formation between the macro-
tion of hydrogen bonds has been studied in the last yeaegclic ligand 18C6 and some protonated and unprotonated
Electrostatic interactions between the nitrogen atom (pasmines f-, se¢, andtert-butylamine,r-dibutylamine,n-
itively charged) of the ammonium group and the oxygemibutylamine, aniline, benzylamind;methylbenzylamine,
donor atoms of the crown ethers also contribute to the sts-methylbenzylamine an¥, N-dimethylbenzylamine) the
bilization of these complexes. As mentioned above, ttstability constants and the reaction enthalpies and entropies
noncovalent bonding presents a special interest in studyifog these reactions by calorimetric titrations were performed
biological interactions. in methanol [41, 42] (Table 1).
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gab'e 1. Stability CO”Stade('OQ( . K iEJdmsi_rgO'f’l) r?nd ther|m0' 18C6 is doubled. By comparing with amino alcohols, the
aggﬁnglfcdﬁgragnte ;%Ainfésagy Zrﬁvin(Igther?qlo8-cZov(\)/LEGEinc:w)wrgi)hZ)rioI at comp!exes of amino a_CIdS _Wlth 1896 are more St,able' The
25°C most important factor in this case is the protonation of the
amino groups and the chemical structure of the amino acids.
Amines Logk —AH TAS The self-protonation of the amino groups of the amino acids
1-CaHgNH, 260+ 005 315:03 —16.74 0.6 can explain the increase of the reaction enthalpy.
n-C4HgNH 3.95+0.06 44.3+0.1 —21.9+0.5 )
secCaHoNH; 2404001 19202 —56403 The effect of different crown ethers
secCyHoNH; 3.38+0.08 415£0.2 —22.3+07 It is well known that the ring size, the nature, and the po-
tert-C4HgNH> 2.46+0.05 127413  1.3+1.0 "
tert-CaHoNHa+ 2554 0.03 44.4E 31 —29.94 28 §Itl0n of the donor atoms of a crown elther .have a strong
(n-CaHo)NH 2514006 20+03 123+06 influence on t_he complex formation Wlth d|ffere_nt com-
(n-CaHg)aNH 237402 27102 10.8403 pounds_. The ligand structure-complexation relgtlonshlp is
(n-CqHg)3N 2584004 23£04 124407 the subject of many reports [22, 26, 67, 68]. The influence of
(n-C4Hg)3NH+ 2284003 55+04 7.5+ 0.6 different crown ethers (15C5, 18C6, BlSCG) upon the com-
CeHsNH, 2524002 16+07 127406 plexation with some unprotonated aminesb{tylamine,
CgHsNH3+ 3.85+0.21 41.6+0.3 —19.7+0.8 n-dibutylamine, benzylamine, and-methylbenzylamine)
CeH5CHoNH» 2.464+0.02 22503 -86+0.3 in methanol by means of calorimetric titrations was stud-
CeHsCHoNH 4.37+0.17 47.7409 -229+1.8 ied [44]. The values of the stability constants obtained are
4-CHsCgH5CHoNH, 2,54+ 0.01 23.8-0.4 —9.4+0.4 nearly identical. The complex formation between 15C5 and
4-CHgCgH5CHpNHY  3.86+0.01 49.4£02 —27.5+0.3 the above mentioned amines is favored by entropic contri-
CeHs5CHaNHCH3 247+£0.04 12403 12.8+09 butions. In the case of 18C6, large values of the reaction
CeHsCHoNH(CHg)* 2.43+£0.08  3.6+0.7 11.0+£05 enthalpies were obtained for primary amines and small ones
CeHsCHoN(CHz)  2.51£0.01  2.1+0.9 122409 for secondary amines. The complex formation of primary

CeHsCHNH(CH3);  252+0.01  3.3£0.9  11.2+1.0 amines with 18C6 is therefore favored by enthalpic contribu-

tions and disfavored by entropic contributions. The opposite
is true for the behavior of secondary amines. Using the
crown ether B18C6, the values of the reaction enthalpy
decrease as compared with 18C6. This aspect may be ex-

As one may see from Table 1, the values of the stabiliplained by the low basicity of the two oxygen donor atoms
constants obtained for the complex formation between 18@6ached to the benzo group of the crown ether B18C6.
and some unprotonated amines in methanol have the sameExtractions of some amine compounds (methylamine,
order of magnitude. In contrast, large differences in the rdiethylamine, dimethylamine andpropylamine) by 18C6
action enthalpies and entropies are observed. Thereforeamg DB18C6 in 1,2-dichloroethane by coupling with the
comparing the results for-butyl, secbutyl andtert-butyl picrate anion as ion pair complexes were also studied [24].
amines, obviously the values of the reaction enthalpies dehe values of the extraction constants of the complexes
crease and the reaction entropies increase. This aspectaathe above mentioned amines in protonated form de-
be explained by the influence of alkyl and aryl substitierease in the following sequence: 1866DB18C6. The
ents. In this study, the number of hydrogen bonds forméalvest values for the extraction constants were obtained us-
between the crown ether and the studied amines does imgt DB18C6, owing first to its aqueous insolubility, and
influence the complex formation in solution. In Table 1 thergecondly, to the influence of the number of benzo groups
are also presented the values of stability constants and treeteled to the ring of the ligand 18C6 (Table 2).
modynamic parameters for interaction between protonated The transport yields for the amines under study, us-
amines and 18C6 in methanol using a calorimetric titratiang 18C6, B18C6, and DB18C6 as carriers through
technique [42]. The ion-dipole interactions are responsible2-dichloroethane liquid membrane, were relatively low,
for these results and depend on the chemical structure of thetween 25-40% (methylamine angbropylamine, respect-
substituent. The reaction enthalpies for complexes of seeely, with 18C6 as a carrier), 18-31% (methylamine and
ondary and tertiary substituted ammonium ions with 18G6propylamine, respectively, with B18C6 as a carrier),
are identical but they differ for the other ammonium ions. and 19-25% (diethylamine andpropylamine, respectively,

In order to obtain more information about the comwith DB18C6 as a carrier) [22, 24, 69]. The transport of the
plexation of amino compounds by macrocyclic recepamine picrate was found to depend on the carrier, the cation,
ors, Buschmanret al. [52] studied the reaction betweenand the anion.
some amino alcohols with 18C6 (ethanolamideamino- By using a new spectrophotometric technique [43, 49]
1-butanol,6-amino-1-hexanol) in methanol and nonproteithe complexation of ammonium and alkylammonium ions
amino acids g-alanine,5-amino-pentanoic acidB-amino- and diprotonated diamine with nearly insoluble ligands, such
octanoic acid) with 18C6 in methanol by means of caloras dibenzo crown ethers (Figure 2) in aqueous solution was
metric titrations. The number of methylene groups does natvestigated. In this case, the solubility of the dibenzo-
influence the complex formation. In the case of protonatiamown ethers increases and only small amounts of ligands are
of one amino alcohol, the value of the reaction enthalpy witiecessary to determine the stability constants in homogen-




Table 2.Percentage of some protonated amines transported into the receiving phase by macrocyclic ligands through
1,2-dichloroethane liquid membranes and the values oKlggof their complexe&*

18C6 DB18C6 Kryptofix [2.2] Kryptofix [2.2.2]
Amines *(%) log Kex *%  log Kex *(%) log Kex *%  log Kex
CH3NH§' 25 4,76+ 0.08 20 2.45t 0.06 48 4.04+ 0.01 65 4.4 0.05
(CH3)2NH§r 38 4.20+ 0.05 22 2.2G+ 0.05 44 3.94 0.02 63 4.25+- 0.03
(C2H5)2NH3' 33 3.75+ 0.02 19 2.05+ 0.03 42 3.85+ 0.03 58 4.02+ 0.02
n-C3H7NH§' 40 5.12+ 0.07 25 3.49t 0.06 52 4.34+ 0.05 78 4.45t+ 0.03

*(%): Amine percentage found in the receiving phase after 6 hours of stirring.

’/\oﬁ ues of the stability constants, the enthalpies, and the entrop-
A\O/\H 0 0 ies of the complexes formed between somamino acids
o o @[ j (L-«-alanine, L-cysteine, glycine, L-isoleucine, L-leucine,
@[ j@ o o~ L-methionine, L-phenylalanine, L-serine, L-tryptophan and
o o K/ o L-valine)_ with different macrocyclic receptors (18C6 ar_ld
B18C6) in methanol have been reported [48]. Comparing
k‘\/O\,)) \© the stability constants for the reaction of amino acids with
the crown ether 18C6 with the stability constants for the
reaction of the same amino acids with the crown ether
B18C6 shows that these are nearly identical or only a bit
Figure 2. Che_mical structures of some dibenzo crown ethers used througbk}—.n‘.;l”er in the case of B18C6. The values of the reaction
outthe experiments [49]. enthalpies are much smaller than with 18C6, and the reac-
tion entropy compensates them. Generally, the amino acids
exhibit zwitterionic character in neutral aqueous medium.
eous solution. The results suggest that the ligand DB18Gfe complexation reactions of the ligand 18C6 with the
forms the most stable complexes with the ammonium and @bhove mentioned-amino acids in acidic, neutral and ba-
kylammonium ions examined (NH CHsNH3 , C;HsNHT)  sic methanolic solutions were also studied. In methanolic
(Table 3). The values of the stability constants are smallgslution, the amino acids exist in their zwitterionic form
than 1¢ dm® mol . Studies on complex formation betweemnd the concentration of the zwitterionic form can be in-
protonated diamino compounds and DB18C6 and DB24@g@enced under acidic, neutral or basic conditions. Some
in agueous solution, using a new spectrophotometric te@kperimental aspects concerning both the solvent extraction
nique suggest that under the experimental conditions orlid the transport of amino acids through liquid membranes
1:1 complexes with diamines are formed [43]. The comysing macrocyclic ligands (18C6, B18C6, and DB18C6) in
plexes formed between DB18C6 and ammonium ions at€2-dichloroethane were studied [26]. The results suggested
more stable than in the case of DB24C8. a good correlation between the structural properties of the
A very interesting aspect concerning the study of comnamino acids and their physicochemical characteristics.
plexation between different crown ethers and aminobenzo The distribution (logD) of somea-amino acid com-
crown ethers consists in the possibility of forming largglexes with 18C6 and an accompanying ion in the water/1,2-
aggregates of amino substituted crown ethers by self cofiichloroethane biphasic system was correlated with the
plexation of protonated aminobenzo crown ethers in solgharacteristics of the amino acids (e.g., hydrophobicity,
tion. One protonated amino group of an aminobenzo crowhe acidity constant$K,1, pKa2, and pI) using linear
ether is complexed by the crown ether part of anothghd multilinear regression analyses [72]. The correlation
aminobenzo crown ether. In the case of aminobenzo-I§etween the extraction constants in the biphasic system with
crown-6 the self-complexation is strong [71]. Studies on thRe amino acid hydrophobicity lo@ (the hydrophobicity
topics are in progress. expressed as the logarithm of their partition coefficients
Amino acids are important components of proteins, $fetween 1-octanol and water) is presented in Figure 3 [26].
that studies in the field (i.e., binding, solvent extraction, As d|3p|ayed by Figure 3, there is a good |inearity
transport through liquid membranes) have a special signifigetween the values of the extraction constant of the amino
ance for natural living systems. Their chemical and physicatids and their hydrophobicity, when 18C6 and DB18C6
characteristic behavior, both of biological and pharmaceuere used as extractants. Figure 4 presents the relationship
ical interest, should be well known in order to understand thtween the transport value of some amino acids through
reaction mechanism of the processes they participate in. Tiigiid membranes [24] using carriers like 18C6, B18C6, and
structures of complexes formed between some amino acpig18C6, and the hydrophobicity lo§. The sequence of
and macrocyclic ligands, as well as the increasing solubilitife transport value as a function of their hydrophobicity is
of amino acids in organic solvents in the presence of magre following: L-Phe> L-Leu > L-Met > L-Val > L-Ala

rocyclic ligands, together with thermodynamic data for thgsing 18C6 as a carrier. A good correlation can be observed
complex formation were reported [6, 8, 18, 62—68]. The val-

m

dibenzo crown ethers



Table 3. Stability constants (logk, K in dm® mol=1) for the complex formation of dibenzocrown
ethers with different ammonium ions in aqueous solutions &@5

Cation DB15C5 DB18C6 [2,4]DB18C6 DB24C8 DB30C10
NHI 0.85+ 0.09 1.54+ 0.11 0.68+ 0.05 0.61+ 0.07 0.644+0.13
~ 0.30%
CH;;,NH?J,r 0.86+0.14 1.31+ 0.12 0.62+ 0.04 0.44+ 0.13 0.53+£0.21
C2H5NH§’r 0.98+ 0.05 1.35+ 0.10 0.65+ 0.03 0.58+ 0.09 0.56+ 0.10
8From ref. [70].
60 Table 4. Extraction constants (Iofex) of glycyl-L-leucine in 1,2-dichloro-
m 1806 n ethane by various macrocyclic ligands
e DBIE® D-Trp
557 t-Leu log Kex
Lvet . Lfre Ligands glycyl-L-leucine L-leucirie
50 n
18C6 5.264 0.02 5.76+ 0.01
:cﬁs 454 - L-Pre B18C6 5.05£ 0.3 4.30+ 0.05
o Lva ey e DB18C6 4.89+ 0.07 4.15+ 0.05
e [ ]
- L-Met e [2.2.2] 5.10+ 0.2 4.43+ 0.04
404 a Y
Qy » e
. *From Ref. 24.
a5 ] Ve DL-Trp Ciigand = 25 x 1073 — 10-2 M; Cpeptige= 1.0 x 10~3 M; [picric acid] =
) 8.0 x 1075 M; Caminoacid= 6.0 x 1074 M; pH ~ 2.02. Temperature: 25
Qy +1°C.
30 T T T T
-30 25 20 -15
log P*

Figure 3. Correlation between logex and the amino acid hydrophobicity,

from Ref. [77].
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Following the results obtained by X-ray diffractometry on
zwitterionic peptides and 18C6 complexes, the complexes
are formed by a set of hydrogen bonds. Some experimental
aspects of the complexation (stability constants, reaction
enthalpy, and reaction entropy) of glycyl-L-leucine in meth-
anol, as well as the solvent extraction of this peptide in the
form of ion pair complexes with 18C6, B18C6 and DB18CS6,
using picrate counterion in 1,2-dichloroethane were stud-
ied [54]. The ligand structure, stability constants, extraction
constant and solvent nature were interpreted and compared
with the corresponding values of the amino acids forming
the peptide. Table 4 presents the extraction constants of Gly-
L-Leu in 1,2-dichloroethane with 18C6, B18C6, DB18C6,
and cryptand [2.2.2], respectively, using picrate anion under
the same conditions.

Among the ligands tested, 18C6 was proved to be the
most efficient extractant for Gly-L-leucine. In the case of
dipeptide extraction, e.g., Gly-L-leucine, by macrocylic lig-

Figure 4. Relationship between the hydrophobicity and the transpoﬂnds’ several parameters mflgenced the extraction process,

through liquid membranes [26]¢from Ref. [77]; **(%) Amino acid Such as: the nature of the cation, the complementary shape

percentage found in the receiving phase after 6 hours of stirring. and size of the Iigand with the bound ion, the anion size, and
also the donor atom type.

between the transport yields of the above amino acids and

the hydrophobicity in the case of both B18C6 and DB18CBhe effect of solvents

as carriers through liquid membranes, yet lower values were

obtained than corresponding to 18C6. It is well known that the thermodynamic stability of the
The development of synthetic receptors for peptides andmplex depends on the nature of the solvent. The com-

amino acid derivatives [73, 74] is most important sincplex formation may be strongly affected by the solvation

the study of intermolecular interactions involved in smabf the reactants. Generally, the interactions between com-

molecule-peptide complexes may lead to the understanqdexes and solvents result from the summing up of hydrogen

ing of many biological peptide-protein interactions. Théond acidity or basicity values calculated with respect to

thermodynamics of complexation of some small peptidéise established acid (basic) scale of the solvents [75, 76].

with 18C6 in water was studied by Lipkowskt al. [56]. In the case of transport processes involving liquid mem-
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branes, the physico-chemical properties of the solvents plawiltilinear regression analysis. The results revealed a good
an important role in membrane stability. correlation ¢ > 0.8) between some characteristics of the
Based on the results obtained from the study of inteamino acids and of the different chlorinated solvents [46, 47]
actions between uncharged primary and secondary amiire¢he case of liquid-liquid transfer of the above mentioned
with 18C6 in different solvents [44] by calorimetric titra-«-amino acids from water to chlorinated solvents.
tions it was found that the solvent has a clear effect upon the The stability constants of complexes between some
complex formation. The values of the stability constants @mino acids (glycine,4-aminobutyric acid, 5-amino#-
complexes between some uncharged amindsifylamine, valeric acid,6-aminocaproic acidg-alanine, L-serine and
n-dibutylamine, benzylamine, and'-methylbenzylamine) L-isoleucine) and the nearly insoluble ligand DB18C6 in
with 18C6 in methanol, propylene carbonate, acetonitrilagqueous solution were performed using a new spectropho-
toluene, cyclohexane, and carbon tetrachloride are neadynetric method [50]. The stability of the formed complexes
identical. However, there are differences between the valudEpends mainly upon the number of £Hroups between
of the reaction enthalpies for the complexation of the abotiee amino and carboxylic groups of the amino acid under
mentioned amines in different solvents, as compared wistudy.
the methanol case. The results are explained by the solvationThe thermodynamics of complexation of amino acids
of the amines. In methanol, strong hydrogen bonds betwenisoleucine, L-histidine, DL-methionine, L-serine, L-
primary amines and the solvent molecules are formed. tlreonine, L-asparagine, and L-glutamine) with 18C6 in
non-polar solvents, such as toluene, cyclohexane and ocasater was studied [79] by the calorimetric method. The val-
bon tetrachloride, complex formation with the amines iges of logK under study were moderate and lay in the range
only favored by entropic contributions and the values @.6—1.5. The values of Iog found for the aqueous solutions
the reaction enthalpies are small and of the same orderavé considerable lower than those for the methanol solutions
magnitude. [48]. This difference is due to the stronger solvating ability
The influence of some solvents (water, methanol, etbf water.
anol, dimethylsulphoxide, acetonitrile, propylene carbonate,
acetone, and 2-butanone) upon the complexation of am-
monium ion by 18C86, using calorimetric and potentiometrieomplex formation of different amines by aza crown
titrations, has been also studied [45]. The values of tghers

stability constants obtained in the case of complexes of am-

monium ion by 18C6 in water and dimethylsulphoxide ha-cli_h(_a mixed-donor type crown ether (diazacrown_ ether) e
the lowest values as compared with all other solvents undipited transport properties towards the ammonium cations

scrutiny. The explanation of this behavior consists in the i Piologically important amine compounds. Tsukube [80,
teractions of the ammonium ion with the solvent moleculeS1] reported the cation-binding and transporting properties

The values of the reaction enthalpies are small and the val@¢$Ome polyamine and polyamide macrocycles for amino

of the reaction entropies are positive. In the case of acetofifd ester salts. _ _
trile it is known that the crown ether 18C6 interacts with 1€ fransport yields of the methylamine, diethylam-
this particular solvent. Hence, the explanation for the smdie: dimethylamine and-propylamine complexes with the

value for the reaction enthalpy and the positive value of tff&yPtand (2.2) (Table 2) are relatively high namely in the
reaction entropy which were obtained. range of 42-52% (diethylamine andpropylamine, re-

Regarding the experimental data of the transport 8Pectively) [24]. The complex formation between some
some protonated amines (methylamine afgropylamine) ¢-@mino acids (L-a_lan_lne, L-cysteine, gly_cme, L-|so_leucme,
through chloroform, 1,2-dichloroethane and methylerfg!€ucine, L-methionine, L-phenylalanine, L-serine, L-

chloride membranes containing 18C6 as a carrier, tH¥Ptophan, and L-valine) and the monoaza-18C6 and the

yields were in the range of 12-58%. The transport sdiazacrown ether (2.2) in methanol was studied by calor-

quence follows the order: 1,2-dichloroethanehloroform imetric titration [48]. It is known that the substitution of
~ methylene chloride of complexes of 18C6 with methylON€ 0Xygen by one nitrogen donor atom in the crown ether

amine. The same results were obtained for compIex@QleCUle has no influence upon the measured stability con-
with n-propylamine. In the case of methylamine amd stants. The values of the reaction enthalpies are smaller in

propylamine, the transport sequence was proportional to ffgmParison with the ligand 18C6. In this case, the com-
extraction efficiency [69]. plex formation is favored by entropic contributions. The

The study concerning the possibility of correlating somgHbstitution of two oxygen donor atoms by two nitrogen
characteristics ofi-amino acids (L-leucine, L-tryptophane,atoms determines a decrease of the stability constants caused
L-phenylalanine, L-methionine, L-valine and L-isoleucine)(,)nly by entropic contributions. Comparing the values of the
such agp K1, pKaz, andpl, partial hydrophobicityr [77] stability constants of complexation of the above mentioned
and total hydrophobicity log® [78] with those correspond- @Mino acids by 18C6, monoaza-18C6 and cryptand [2.2.2]
ing to chlorinated solvents (methylene chloride, chloroforffith the values of the stability constants of the same amino
and 1,2-dichloroethane), such as hydrogen bond acidiﬂ?'ds complexed with diaza-18C6 shows that the stability

zag', or hydrogen bond basicity) ﬁzH’ polarizability constants Wi_th diaza-18C6 are much smaller.
73!, and molar refractio%’, was performed by means of The stability constant of the complex between Gly-L-
leucine and monoaza-18C6 in methanol was found to be



7

log K = 3.15. The reaction enthalpies of the peptide andable 5.Stability constants (logk, K in dm® mol~1) and thermo-

. . - . . dynamic parameterda H and TAS (kJ/mol) for the complexation of
the Corr_eSpondl,ng amino acids, such as glycine and I?ucm%erent amino alcohols and amino acids by the ligands 18C6 and [2.2.2]
respectively, with monoaza-18C6 were lower than in th, methanol at 25¢C
case of 18C6. The stability constant of the above mentioned
complexes is influenced by the structure of the ligand andigand Amine Logk —AH TAS

the characteristics of the peptide [54].

18C6  n-NHpCqHg 2.60+£ 008 315+0.3 -16.7+0.6
NHp(CHp),0H 2.31+£0.10 29.742.1 -16.6+2.7
NHy(CHp)4OH 2.47+0.41 35.9+25 —21.9+4.9

Complex formation of different amines by cryptands NH2(CHg))sOH 2.66+0.12 33.8:0.1 -18.7+0.8
l-ala~ 34.1+ 2.0

The cavity size of the ligand cryptand [2.2.2] € 1.4 A) "NH3(CHp)eOH 2,81 0'2213 60.4£0.7 = —44.4% 1.9
[82] corresponds best with the size of thé&H: group ¢ Fala 32400 462428 —278+2.7°
s g-ala 419+ 0.24 522411 -28.4+25

= 1.42 A). In most cases, the macrobicyclic ligands, such pent 3565006 62.4-0.5 —42.20+ 0.9
as cryptand [2.2.2], form stronger complexes with organic oct 353+ 0.08 69.6-0.6 —495+ 1.0
Species, as compared with macrocyclic Iigands [45]. It iS[2.2.2] NHy(CH2),0OH  2.55+0.09 17.4+1.3 _29+1.8
known that both the stability and selectivity of the complexes NHp(CH2)4OH 2.61+0.10 20.8:15 —59+2.0
depend on the size of the macrocyclic ring. The formed NH2(CHp))6OH 2.59+£0.08 17.5:£09  —2.8+14
cryptates depend on the macrobicyclic structure and can be l-ala 3.11+ 0.09 16.0+ 0.8° 1.6+1.20
extracted into organic solvents by coupling with an organic p-ala 4.83£0.05 39.7£09 -122+11
or inorganic anion. pent 3.69£0.07 40.7+12 -19.7+16
The transport yields of the methylamine, diethylamine, oct 414+ 004 38.1+£0.7 -146+0.9

dimethylamine and:i-propylamine complexes with crypt- a- "o 1

and [2.2.2] through 1,2-dichloroethane liquid membraner;om Ref. 15.

are relatively high, namely 65-78% (methylamine and

propylamine, respectively) as presented in Table 2 [24]. ) _ )

The complex formation between someamino acids values of the extraction constants obta|_ned with crypt:_:md
(L-alanine, L-cysteine, glycine, L-isoleucine, L-leucine, L{2:22] are good but lower than those given by 18C6 lig-
methionine, L-phenylalanine, L-serine, L-tryptophan, andhd; these vglues range.between 4.55—4.15 for Ll-lsoleucme
L-valine) and the cryptand [2.2.2] in methanol was deternind L_a—_alanme, respe_ctlv_ely. Th_e stoichiometry in chl_oro-
ined by calorimetric titration [48]. The complexation with?orm indicated a combination ratio of component species of
the ligand [2.2.2] is favored by the reaction entropy and:1:1 (ligand:amino acid:anion) [25]. The experimental
the values of the stability constants of the above mentionEgpults obtained suggest the influences of ligand size and the
amino acids complexes with the cryptand (2.2.2) and wifipnor atom type on the extraction constants. Thgdlﬁergnces
the crown ether 18C6 are nearly identical. Yet the values 8f10Ng the extraction constant values of the amino acid are
the reaction enthalpies are an exception, being much smalléf Significant enough in order to permit their individual
than the ones corresponding to 18C6. separation through extraction.

The reaction between some amino alcohols (ethanolam-
ine, 4-amino-1-butanol, an&-amino-1-hexanol) and non-
proteic amino acidsA-alanine 5-amino-pentanoic acid, and Complex formation of amine compounds with
8-amino-octanoic acid) with cryptand [2.2.2] was studiegdalixarenes
by calorimetric titration [52]. The values of the reaction
enthalpies with amino acids were higher when comparddhe calixarenes are prepared from phenols and aldehydes by
with the amino alcohols. The self-protonation of the aminan acid-catalyzed condensation. They can recognize cationic
group is also responsible for the results. However, tland anionic species, as well as neutral molecules. These re-
number of methylene groups between the amino and tbeptors have the possibility of forming interesting complexes
carboxylic groups has no influence on the stability constartisth with metal cations and biological compounds by exhib-
and thermodynamic parameters with cryptand [2.2.2].  iting extractibility and selectivity. There are many studies

The value of the extraction constant, I&@yx, for Gly- dedicated to calixarene chemistry and especially in the mo-
L-Leu in 1,2-dichloroethane with cryptand [2.2.2] using théecular inclusion of biological substrates, such as amines and
picrate anion was found to be 5.10 (Table 3). These resudiimino acids, by these receptors [34—36].
suggested that the extraction processes of peptides usingChanget al. [84] used a calixarene derivative as a se-
cryptands are feasible and comparable with those obtairedtive carrier for the separation of amino acids through a
by using crown ethers [54]. chloroform liquid membrane, and established a schematic

The investigation of the solvent extraction of some mechanism concerning the interaction between ethyl esters
amino acids in the protonated form (L-leucine, L-isoleucinef both phenylalanine and tryptophan by calix[6]arene. The
L-phenylalanine, L-methionine, L-valine, andd-alanine) results obtained suggest that the ethoxycarbonylmethyl de-
in chloroform by cryptand [2.2.2] as ion pair complexes, usivative of p-tert-butylcalix[6]arene can be used as a carrier
ing picrate anion as counterion, was also reported [83]. Thar selective recognition and separation of some important
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Figure 5. Chemical structure of ester derivatives of
p-tert-butylcalix[6]arene [87].

. . . . . Figure 6. Chemical structures of (a) calix[4]areng-sulfonic acid; (b
amino acids. Along the same line, Shinkaal.[85] showed c:ﬁix[G]arenep—sulfonic acid [96]. ® arene ®)

that the homocalix[3]arene exhibits enantiomeric recogni-

tion properties toward alanine ethyl ester and phenylalanine

ethyl ester. Concerning the binding of NJjiéo calixarenes, sulfonated calix[4Jarene and hexasulfonated calix[6]arenes
the same author [86] suggested that the cone of calix[6]arefrigure 6) bind very strongly the quaternary ammonium

could be a good cavity for a quaternary ammonium cationcations, and also acetylcholine [96]. X-ray crystallographic

The selective recognition of butylamines by ester deritudies of the choline tetrasulfonated calix[4]arene complex
atives ofp-tert-butylcalix[6]arene (Figure 5) compared withestablished that the choline has Nsterminal inside the
dibenzo-18-crown-6 was studied using a standard solvepmatic cavity of the receptor.
extraction technique of butylammonium picrates into di- New selective receptors for amino acids were synthes-
chloromethane [87]. ized by Antipin et al. [97] utilising calix[4]arene-based

The hexaesters—4 interact with butylammonium guestsa-aminophosphonates. These compounds exhibited remark-
in the following sequencet-butyl > iso-butyl-secbutyl > able selectivity as carriers of the zwitterionic form of aro-
tert-butyl, which can be explained by reasoning from sterigatic amino acids through a supported liquid membrane
effects. composed of a porous polymeric support.

Recently, calixarenes, because of their recognition and In an effortto develop improved optical receptors for bio-
discrimination ability, have attracted much attention as godegically and/or chemically important cations and amines,
extractants for amine compounds [88]. Okaztaal. [89] Kuboet al.[98] synthesized chromogenic calixarenes. Also
prepared new calix[4]arene derivatives and used them fbe calixarenes, which are cyclic phenol-derived macro-
selective extraction and transport of some amino acid etigycles, are used for the construction of optical sensing
esters into CHCl,. The efficiency of extraction was ex-Systems [99] used in the visual detection, and enantiomeric
plained by the hydrophobicity of the amino acids and th@istinction between amines and amino acids.
extractibility was determined by ultraviolet and NMR meas-
urements. These receptors also recognized the chirality of
the L-amino acids in transport experiments. Similarly rea&omplex formation of amine compounds with
oning, Leeet al.[90] studied the thermodynamics of solventucurbituril
extraction of alkylammonium cations with alkyl calix[6]ary!
esters. The investigation of the structure and of the properties of the

Some reports are devoted to ionophoric macrocyclgynthetic macrocyclic receptor, cucurbituril (Figure 7) and
compounds with electrochemically active functionalitietheir applications was the subject of several papers [100—
like calix[4]arendiquinone compounds in the presence @D5] and reviews [106, 107]. Cucurbituril is a compound
various alkylammonium ions [91]. The capability of thesevith a relatively rigid structure. Therefore, this molecule has
redox-dependent receptors to form complexes with protoa-hydrophobic cavity for the inclusion of various molecules
ated amine-type compounds by multiple hydrogen bondsd is able to form stable complexes with amines, diamines
and the relationship between the properties of the guests §had3, 104], alkali and alkaline earth cations [108, 109], dye
the electrochemical enhancement of the host were reportethlecules [110], aromatic compounds [111], alkyl mono-
The potential applications of quinone-modified macrocyclesmd diammonium ions [112], 4-methylbenzylammoniumion
in the development of molecular electronics [92], poterj113], and alkylammoniumions [114, 115].
tiometric sensors [93], and a model study of electron transfer Another challenging application is formation of mono-,
in biological systems [94] present a special interest in thiigo-, and polyamide rotaxanes with cucurbituril. The com-
field. plex of cucurbituril with the 1,6-hexanediammonium ion is

A theoretical study concerning molecular dynamics simused as a preorganized structure to synthesize poly(amide
ulations on the NI\Z[ and Nl-[f complexes of bridged rotaxane)s by interfacial condensation [116, 117]
calix[6]arene in chloroform with acetate as counterion was As mentioned above, the macrocyclic ligand cucurbituril
presented [95]. Their structure and the location of the guéstable to form complexes with aliphatic amino acids, amino
inside the host were elucidated. The water-soluble tetralcohols, and other amino compounds [118].
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N N \/N showed that the complex formation between cucurbituril
/, and 4-methylbenzylammoniumis reduced when alkali-metal

0 cations are added. The authors established the mechanism
' _ o for the formation of association and inclusion complexes of
Figure 7. Chemical structure of cucurbituril. cucurbituril with 4-methylbenzylammonium (Figure 8).

In the complexation of alkyl monoammonium and alkyl

. diammonium ions with cucurbituril [112] in aqueous formic

Based on results obtained, one may see that the stabilipy studied by calorimetric titrations, the ion-dipole inter-
constants for the complexation of amino acids by cucurbiiions between the carbonyl groups of cucurbituril and the
turil in aqueous formic acid (50% v/v) are of the same ordefmmonjum ions on one side and the hydrophobic effect on
of magnitude, that is between 3.28:¢mino octanoic acid) the other side are responsible for the complexation. The

and 3.67 g-amino ethanoic acid). One explanation could bgapility constants of cucurbituril with alkylamine salts in-
that the complex formation of amino acids is less favored Ryease with the increasing concentration of the acid, while

enthalpic contribution, compared wifh6-diamino hexane. the vajues of the reaction enthalpies and reaction entropies
The number of methylene groups of the amino acids dogg.rease.

not influence the values of stability constants, but in the case

of amino alcohols the reaction enthalpies and entropies in-

fluence these. Increasing the number of methylene groupsnclusions
decreases the stability of the complexes formed.

Mock and Shih [114] studied by NMR techniques thehe effect of some factors that might influence the com-
interactions between cucurbituril and alkylammonium al}(jlexation of some amines, amino acids, and peptides with
alkyldiammonium ions. Their interest was focused upon thfifferent macrocyclic receptors, their extraction, and their
noncovalent binding properties of cucurbituril as a recept@tansport through liquid membranes was investigated.
for substituted ammonium ions. The results were explained Stability constants and some thermodynamic data for the
in terms of ion-dipole attractions and shape complementgemplexation of ammonium ion and some substituted am-
ily between cucurbituril and alkylammoniumions. There argonium ions with different macrocyclic receptors (crown
two kinds of noncovalent binding interactions: an ion-dipolgthers, aza crown ethers, cryptands, calixarenes, and cu-
interaction between the cationic ammonium moiety and th@rbituril) were discussed. Bulk liquid membranes are used
carbonyl group of cucurbituril, and a hydrophobic effect ago investigate the complexation and transport properties of
sociated with the encapsulation of the hydrocarbon part @fe above mentioned synthetic macrocyclic receptors. lon-
the guest. The same authors [115] also studied the ratep@fr extractibility of the crown compound complex with
inclusion complex formation between cucurbituril and alammonium cations in various solvents in order to elucidate

kylammonium ion ligands and correlated their experimentge extraction efficiency and selectivity of crown compounds
results with the molecular diameter of ammonium compas presented.

pounds. The relationship between the thickness of the guest

and its rate of complex formation with cucurbituril proved

to play an important role in this case. The results were intekeknowledgement

preted by using the shape complementarily between the host

and guest. The authors are grateful to the NATO Scientific and Envir-
Using spectrophotometric and kinetic investigationgnmental Affairs Division for financial support under the

Hoffmann et al. [113] reported the stability constants ofCollaborative Linkage Grants No LST.CLG 974819 and

cucurbituril with 4-methylbenzylammonium ion complex].ST.CNS 976039.

as well as the influence of added alkali-metal or am-

monium salts into solution upon the competitive binding

of 4-methylbenzylammonium to cucurbituril. The results



10

References 41.

1. J.-P. Behr, J.-M. Lehn and P. Vierlingtelv. Chim. Actab5, 1853 42
(1982). 43.

2. F. Vogtle, W.M. Miller, U. Werner and H.W. Losenskjngew.
Chem. Int. Ed. EngR6, 901 (1987). 44.

3. F. Vogtle, A. Wallon, W.M. Mdller, U. Werner and M. Nieged:
Chem. Soc., Chem. Commu58 (1990). 45.

4. C.J. Pedersed: Am. Chem. So89, 7017 (1967).

5. J.-M. Lehn:J. Incl. Phenom6, 351 (1988). 46.

6. J.-M. Lehn:Supramolecular Chemistry, Concepts and Perspectives
VCH, Weinheim, New York (1995). 47

7. D.J.Cramd. Incl. Phenom6, 397 (1988).

8. J.-P. Behr, M. Kirch and J.-M. Lehrl. Am. Chem. Sod07, 241 48
(1985).

9. H.-J. Buschmannl. Solution Chemil5, 453 (1986). 49.

10. H.-J. Buschmann and E. Schollmey&upramol. Chem8, 385
(1997). 50.

11. D.A. Dantz, H.-J. Buschmann and E. SchollmeyBnermochim.
Acta294, 133 (1997).

12. M. Yoshio and H. Noguchinal. Lett.15, 1197 (1982). 52.

13. H.K. FrensdorffJ. Am. Chem. So083, 4684 (1971).

14. Y. Inoue, F. Amano, N. Okada, M. Ouchi, A. Tai, T. Hakushi, Y. Liu 23-
and L. Tong:J. Chem. Soc., Perkin Trans1239 (1990).

15. J.Rebek, Jr., B. Askew, D. Nemeth and K. Padigim. Chem. Soc. 24
109, 2432 (1987).

16. J.-P. Behr and J.-M. Lehd: Am. Chem. So85, 6108 (1973). 55.

17. J.D.Lamb, J.J. Christensen, J.L. Oscarson, B.L. Nielsen, W.B. Asa
and R.M. Izatt:J. Am. Chem. Sod02, 6820 (1980). 6

18. M.T. Reetz, J. Huff, J. Rudolph, K. Tollner, A. Deege and R.
Goddard:J. Am. Chem. Sod.16 11588 (1994). S7

19. A. Metzger, K. Gloe, H. Stephan and F.P. Schmidtch&nOrg. 58.
Chem 61, 2051 (1996). 59.

20. I.M. Kolthoff and M.K. Chantooni, JrJ. Chem. Eng. Datd2, 49 60
(1997). 61.

21. L.Mutihac and C. LucaRev. Roum. Chin86, 85 (1991).

22. H.-J.Buschmann, L.Mutihac and R.Mutih&ep. Sci. TechnoB4, 62.
331 (1999).

23. J.D.Lamb, J.J. Christensen, J.L. Oscarson, B.L. Nielsen, W.B. Asa§3-
and R.M. Izatt:J. Am. Chem. Sod02, 6820 (1980).

24. L. Mutihac, R. Mutihac and H.-J. Buschmarnincl. Phenom23, 64.
167 (1995).

25. H.-J. Buschmann and L. MutihaRev. Roum. Chind2, 121 (1997). 65

26. L. Mutihac, H.-J. Buschmann, C. Bala and R. MutihAcales de
Quimica, Int. Ed93, 332 (1997).

27. D.J. CramScience240, 760 (1988). 67.

28. D.J. CramAngew. Chem., Int. Ed. Endl7, 1009 (1988). 68.

29. J.F. Stoddart: in R.M. Izatt and J.J. Christensen (eBsogress in
Macrocyclic Chemistry J. Wiley & Sons, New York, Chapter 4, 69.
(1981).

30. M. Newcomb, J.L. Toner, R.C. Helgeson and D.J. CrdmAm.
Chem. Soc101, 4941 (1979).

31. D.W. Armstrong and H.L. JirAnal.Chem59, 2237 (1987).

32. A. Maruyama, N. Adachi, T. Takatsuki, M. Torii, K. Sanui and N. 71.
Ogata:Macromolecule®3, 2748 (1990).

33. J.S. Bradshaw, P. Huszthy, C.W.Mc Daniel, C.Y. Zhu, N.K. Dalley, 72-
R.M. Izatt and S. LifsonJ. Org. Chemb55, 3129 (1990).

34. C.D. GutschecCalixarenesin J.F. Stoddart (ed.)Monographs in 73.
Supramolecular ChemistriRoyal Society of Chemistry, Cambridge, 74.
UK (1989).

35. J. Vicens and V. Béhmer: in.E.D. Davies (ed.),Calixarenes: 75.
A Versatile Class of Macrocyclic Compoundsluwer Academic 76.
Publishers, Dordrecht (1991). 7.

36. J.M. Harrowfield, W.R. Richmond, A.N. Sobolev and A.H. White:

J. Chem. Soc., Perkin Trans. 2 (1994). 78.

37. J.M. Harrowfield, W.R. Richmond and A.N. Soboley: Incl. 79.
Phenom19, 257 (1994).

38. N.D-Guével, AW. Coleman, J.-P. Morel and N. Morel-Desrosiers:80-
J. Phys. Org. Chenl1, 693 (1998). 81.

39. J.L. Atwood, L.J. Barbour, P.C. Junk and G.W. Ofupramol. 82
Chem 5, 105 (1995).

40. L. Troxler and G. WipffAnal Sci.14, 43 (1998).

H.-J. Buschmann and L. Mutihadhermochim. Acta237, 203
(1994).

H.-J. Buschmann and L. MutihaRev. Roum. Chin89, 565 (1994).
H.-J. Buschmann, E. Cleve, L. Mutihac and E. Schollmeyer:
Solution Chem27, 755 (1998).

H.-J. Buschmann, E. Schollmeyer, G. Wenz and L. Mutifféer-
mochim. Acte61, 1 (1995).

H.-J. Buschmann, E. Schollmeyer and L. Muti@apramol. Scis,
139 (1998).

D.O. Popescu, T. Constantinescu and L. Mutitfatales de Quim-
ica, Int. Ed.93, 182 (1997).

D.O. Popescu, L. Mutihac and T. Constantinegter. Roum. Chim.
42,907 (1997).

H.-J. Buschmann, E. Schollmeyer and L. Mutihadncl. Phenom.
30, 21 (1998).

H.-J. Buschmann, E. Cleve, L. Mutihac and E. Schollmefaales
de Chimica, Int. EJ94, 5 (1997).

H.-J. Buschmann, E. Cleve, L. Mutihac and E. Schollmeigav.
Roum. Chemd3, 941 (1998).

L. Mutihac:Rev. Roum. Chin#3, 663 (1998).

H.-J. Buschmann, E. Schollmeyer and L. Mutihd&iermochim.
Acta316, 189 (1998).

L. Mutihac, H.-J. Buschmann and R. Mutih&oum. Chem. Quart.
Rev.4, 283 (1998).

L. Mutihac, H.-J. Buschmann and R. Mutih@males de Quimica,
Int.Ed.95, 288 (1998).

G.W. Gokel: in J.A. Semlyen (edl)arge Ring Molecules]. Wiley
& Sons Ltd., N.Y., 263 (1996).

J. Lipkowski, O.V. Kulikov and W. ZielenkiewcBupramol. Chem.
1, 73 (1992).

D.J. Cram and J.M. Crar8ciencel83 803 (1974).

I. GoldbergActa Crystallogr., Sect.B1, 2592 (1975).

|. Goldberg:J. Am. Chem. So89, 6049 (1977).

M. Meot-Ner:J. Am. Chem. Sod05 4912 (1983).

M. Pietraszkiewicz, P. Prus and W. FabianowBkiish J. Chem72,
1068 (1998).

R.M. Izatt, J.S. Bradshaw, S.A. Nielsen, J.D. Lamb, J.J. Christensen
and D. SenChem. Re\85, 271 (1985).

R.M. Izatt, K. Pawlak, J.S. Bradshaw and R.L. Bruen®igem. Rev.
91, 1721 (1991).

R.M. Izatt, K. Pawlak, J.S. Bradshaw and R.L. Bruen®igem. Rev.
95, 2529 (1995).

A.F. Danil de Namor, M.C. Ritt, M.J. Schwing-Weill, F. Arnaud-Neu
and D.F.V. LewisJ. Chem. Soc., Faraday Trar7, 3231 (1991).
A.F. Danil de NamorPure Appl. Chem62, 2121 (1990).

J.-M. LehnStruct. Bondingl6, 1 (1973).

M. Czekalla, H. Stephan, B. Habermann, J. Trepte, K. Gloe and F.P.
SchmidtchenThermochim. Act813 137 (1998).

L. Mutihac: in W.R. Bowen, R.W. Field and J.A. Howell (ed&jo-
ceedings of Euromembrane,ath, UK, Sept 18-20, 1995 \dl.,
390 (1995).

E. Shchori, N. Nae and J. Jagur-GrodzingkiChem. Soc., Dalton
Trans.2381 (1975).

H.-J. Buschmann, L. Mutihac, K. Jansen and E. Scholiméystes
de Quimica, Int. Ed95, 211 (1998).

L. Mutihac, N. Zarn4, T. Constantinescu and R. Mutitizev. Roum.
Chim.42, 307 (1997).

H.-J. SchneideAngew. Chem., Int. Ed. En@2, 848 (1993).

G.J. Pernia, J.D. Kilburn, J.W. Essex, R.J. Mortishire-Smith and M.
Rowley:J. Am. Chem. So0d18 10220 (1996).

M.H. Abraham®Pure Appl. Chemg5, 2503 (1995).

M.H. AbrahamChem. Soc. Re22, 73 (1993).

C. Hansch and A.J. LeoSubstituent Constants for Correlation
Analysis in Chemistry and Biology. Wiley, New York p. 13 (1979).
A.J. Leo:Chem. Rew3, 1281 (1993).

O.V. Kulikov and 1.V. TerekhovaRussian J. Coord. Cherg3, 946
(1997).

H. Tsukubed. Chem. Soc., Chem. Comma@ii0 (1983).

H. TsukubeJ. Chem. Soc., Perkin Trans89 (1989).

F. De Jong and D.N. Reinhouditability and Reactivity of Crown
Ether Complexes, Hydroxy Groups, and their Sulphur Analogues
J.Wiley, New York, Chapter 2 (1980).



83.

84.

85.

86.

88.

89.

90.

91.

92.

93.

94.
95.

96.

97.

98.
99.

L. Mutihac, D.O. Popescu and R.-l. Stefafinal. Lett. 28, 835 100.
(1995).

S.-K. Chang, H.-S. Hwang, H. Son, J. Youk and Y.S. Kah@hem. 101.
Soc., Chem. CommuR17 (1991).

K. Araki, K. Inada and S. Shinkakngew. Chem., Int. Ed. En@5,  102.
72 (1996). 103.
S. ShinkaiTetrahedron49, 8933 (1993). 104.

S.-K. Chang, M.J. Jang, S.Y. Han, J.H. Lee, Y.S. Kang and K.T. N&05.

Chem. Lett1937 (1992).

K. Ohto, H. Yamaga, E. Murakami and K. Inodlanta44, 1123 106.
(1997). 107.
Y. Okada, Y. Kasai and J. Nishimurdetrahedron Lett36, 555 108.
(1995).

J.H. Lee, T. Kim, S.-K. Chang and J.I. Ch&upramol. Chend,  109.
315 (1995).

T.D. Chung, S.K. Kang, J. Kim, H.-S. Kim and H. Kiml.  110.

Electroanal. Chem438 71 (1997).

A.S. Lindsey, M.E. Peover and N.G. Savill: Chem. Soc4558 111.

(1962).

T. Sakai, T. Harada, G. Deng, H. Kawabata, Y. Kawahara and B12.

Shinkai:J. Incl. Phenom14, 285 (1993).

E. Seward and F. Diederichetrahedron Lett28, 5111 (1987). 113.
F. Fraternali and G. WipffAnales de Quimica, Int. E®3, 376

(1997). 114.
J.-M. Lehn, R. Meric, J.-P. Vigneron, M. Cesario, J. Guilhem, Cl115.
Pascard, Z. Asfari and J. VicerSupramol. Chenb, 97 (1995). 116.

I.S. Antipin, L.I. Stoikov, E.M. Pinkhassik, N. Fitseva, |. Stibor and

A. |. Konovalov: Tetrahedron Lett38, 5865 (1997). 117.
Y. Kubo, S. Maeda, S. Tokita and M. Kubl¥ature382 522 (1996).
Y. Kubo, S. Hamaguchi, K. Kotani and K. Yoshidatrahedron Lett. 118.

32,7419 (1991).

11

R. Behrend, E. Meyer and F. Ruschébigs Ann. Chem339, 1
(1905).

W.A. Freeman, W.L. Mock and N.-Y.Shii: Am. Chem. S0d.03
7367 (1981).

W.A. FreemanActa CrystallogrB40, 382 (1984).

W.L. Mock and N.-Y. Shihd. Org. Chem48, 3618 (1983).

W.L. Mock and N.-Y. Shihd. Org. Chem51, 4440 (1986).

H.-J. BuschmanrSchriftenreihe Biologische Abwasserreinigung 9
Technische Universitat Berlin, Berlin p. 101 (1997).

P. Cintasd. Incl. Phenom17, 205 (1994).

W.L. Mock:Top. Curr. Chem175 1 (1995).

H.-J. Buschmann, E. Cleve and E. Schollmeymorg. Chim. Acta
193 93 (1992).

H.-J. Buschmann, K. Jansen, C. Meschke and E. Schollméyer:
Solution Chem27, 135 (1998).

H.-J. Buschmann and E.Schollmeyér: Incl. Phenom.29, 167
(1997).

D.A. Dantz, O. Otyakmaz, H.-J. Buschmann and E. Schollmeyer:
Vom Wasse®1, 305 (1998).

C. Meschke, H.-J. Buschmann and E. Schollmey&ermochim.
Acta297, 43 (1997).

R. Hoffmann, W. Knoche, C. Fenn and H.-J. Buschman@hem.
Soc. Faraday Tran€0, 1507 (1994).

W.L. Mock and N.-Y. Shihd. Am. Chem. Sod.10, 4706 (1988).
W.L. Mock and N.-Y. Shihd. Am. Chem. Sod11, 2697 (1989).

C. Meschke, H.-J. Buschmann and E. Schollmeyéacromol
Rapid Communl9, 59 (1998).

C. Meschke, H.-J. Buschmann and E. Scholimejeymer.40, 945
(1998).

H.-J. Buschmann, K. Jansen and E. Schollméyegrmochim. Acta
317, 95 (1998).






