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Abstract

The lower rim functionalized hexahomotrioxacalix[3]arene triamide derivafiaesd4b were synthesized from tridl by

a stepwise reaction. Extraction data for alkali metal ions, transition metal ions, and alkyl ammonium ions from water into
dichloromethane are discussed. Due to the strong intramolecular hydrogen bonding between the neighboring NH and CO
groups, their affinities to metal cations were weakewede4ashows a single selectivity ﬁv}BuNHg)r while partial-cone

4a almost has no affinity to cations. The anion complexationmfe4awas studied byH NMR titration experiments.
cone4abinds halides through the intermolecular hydrogen bonding among the NH hydrogens of amide in a 1: 1 fashion in
CDCls. The association constants calculated from these changes in chemical shifts of the amide préigprs3520 M1

for CI~ andK, = 1720 M1 for Br—. cone4ashows a preference for Ccomplexation over Br complexation. In contrast,
cone4b has good selectivity and affinity to Agcation. A good Job plot proves 1:1 coordinationcohe4b with Ag™

cation. The complexation mode obnedawith n-BuNHsCl andcone4b with AgSOsCFs were also demonstrated B

NMR titration in CDCB.

Introduction in both chemistry and biology [14—17]. Thus, Shinkail.
reported the construction afz symmmetry pyrene func-

Calixarenes and related macrocycles have received condfgif@lizéd hexahomotrioxacalix[3Jarenes, which selectively
erable attention for their host-guest chemistry as ionophof€0gnize primary ammonium ions [14b]. _
receptors [1-4] and potential enzyme mimics in biology ©OnN the other hand, hydrogen bonding plays an import-
[5]. Chemical modification of calixarene represents a simpfdlt role in the self-assembly of molecular recognition and
though effective and versatile way of producing receptoF?s aroused investigation in calixarene systems. Shetkai
with highly selective cation binding properties [6-10]. Whe#!- reported that an intermolecular hydrogen-bonded duplex

larger alkyl groups were introduced onto the phenolic oxy¥aS formed through the interaction between a calix[4]arene

gens of calixarene, which cannot pass each other by oxyg?éﬂt-h four carboxyl groups and a calix[4]arene with stilbazole

through-the-annulus rotation, there exist four possible coffioieties [18]. Arduiniet al also described the formation
formational isomers in calix[4]arene (i.e., cone, partial-con8f & hydrogen-bonded dimer in CDLbased on the self-
1,2-alternate and 1,3-alternate) [11] and five conformatiorfZfMPlementarity of carboxylic acid [19]. The intramolecular
isomers for [3.1.3.1]metacyclophane adding 1,4-alterndi¥drogen-bonding was also formed among opposing urea
due to the propane bridge [12]. However, there are only tgOUPS, which can bind anionic species, in calix[4]arene
possible conformers in homotrioxacalix[3]arene (i.e., cofgCl- Thus, the design of new ditopic ligands [21] for the
and partial-cone), because of the three substituents on #f@ultaneous complexation of anionic and cationic guest
phenolic oxygen positions [13-15]. species is a new exciting area of coordination chemistry
Recently, Shinkai and co-workers have reported t significant relevance to the selective extraction and/or

complexation of alkali metals to homotrioxacalix[3]Jareng@nsportation of metal salts across lipophilic membranes.

derivatives with alkylated phenolic oxygens [14, 15]. HoRRaré examples of receptors containing appropriate cova-

motrioxacalix[3]arene derivatives with’s symmetry can lently linked binding sites for anions and cations include

selectively bind ammonium ions which play important roles€Wis-acidic boron [22], uranyl [23] or polyammonium [24]
centers combined with crown ether moieties and crown ether

* Author for correspondence. or urea functionalized calix[4]arene ionophores [25] which
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are c_:apable of solubilizing alkali metal salts into organi pecro: _
media. cone-3
. " . . CH2C12

Incorporating these two types of recognition sites by in

troduction of three amide groups on the phenolic oxygens cone-4
homotrioxacalix[3]arene will create potential heteroditopit a; R = CH,CONH: Me (61%)
receptors capable of binding cations and anions, especia

ammonium ions and halides. On the other hand, we ha b;R=CH2CONH@ (81%)

reported the synthesis, conformational studies and inclusi
properties of tris[(2-pyridylmethyl)oxy]- hexahomotriox-
acalix[3]arenes derived from hexahomotrioxacalix[3]aren _DCC/HOBt _

[26], which show strong A ion affinity. Therefore, 2- Parriakcone-3 CHzClz -
pyridylamide derivatives having hydrogen-bonding group

partial-cone-4

might show interesting complexation behaviour for’Ags

well as ammonium ions. aR= CH2CONH'©' Me (59%
In the present paper, we describe the synthesis, cc —

formations, and metal and ammonium ion complexe bR CHZCONHQ (65%)

tion properties of the cone toluidinylamide derivatives
as well as 2-pyridylamide derivatives having hydrogen-
bonding groups derived from hexahomotrioxacalix[3]arene

tricarboxylic acid, which are supposed to haesymmetric i, 5194 yield in the presence of NaOH. Although this method
ionophoric cavities. required a much longer time and elevated reaction temperat-
ure compared to that based on the ester derivative, it was
more efficient and effective and produced enough amount of
Results and discussion cone triacid3. *H-NMR spectra of3 showed a single peak
ats 1.12 ppm for theert-butyl protons incone3 and two
Partial-cone hexahomotrioxacalix[3]arene triethyl e@er single peaks a8 1.29 ppm and 1.33 ppm (intensity 2:1)
was prepared by alkylation of hexahomotrioxacalix[3]arerfer the tert-butyl protons inpartial-cone3, which are in
1 [27] with ethyl bromoacetate in the presence of cesiuagreement with their conformations. Reaction of triagid
carbonate as a base in refluxing acetone in 90% yield [14)with p-tuluidine in the presence of dicyclohexylcarbodiim-
Hydrolysis of partial-cone2a in a mixture of di- ide (DCC) and 1-hydroxy benzotriazole (HOBt) in @El2
oxane and water using NaOH as a base at roaafforded the corresponding compoudin a yield of 61%
temperature afforded the correspondimgartial-cone for coned4aand 59% fompartial-cone4a, respectively.
hexahomotrioxacalix[3]arene tricarboxylic ac&lin 88% From the singlet peaks fotoneda and the splitting
yield. Although it is easy to get the cone triacddby the patterns with a 1: 2 integral intensity ratio fpartial-cone
same reaction from triethyl esteone2a, the yield is lower 4a, the conformation remained in the desired compounds
than 20% to get the cone conformation of triethyl e&&in  4a. In order to investigate the conformation 4fn detail,
the alkylation process. a reference compounfia was synthesized from (tert-
On the other hand, cone amide derivat®le was ob- butyl-2,6-dimethyl)phenoxyacetic ackfollowing a similar
tained almost quantitatively through tliealkylation of triol  method in the preparation d& (Scheme 4).
1with N, N-diethyl chloroacetamide in the presence of NaH Conformation assignments for the new homotrioxac-
in refluxing THF [15]. Hydrolysis of cone amidb in are- alix[3]arene amideda followed from analysis of theitH
fluxing mixture of dioxane and water afforded cone tria®id NMR spectra. Theone4ais firmly established by the pres-

Scheme 3.
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OCH,COOH CH,CONHR and5 with 2-amino-pyridine similar to that of compoudéd.
Me Me DCC/HOBt Me Me Like cone4a, cone4b has aC3-symmetrical conformation,
W which has an AB pattern for &H,O bridged protons with
a Aj separation of 0.42 ppm betweenyHand Hg The
intramolecular hydrogen bond formed between the neigh-
5 6 boring NH and CO groups induced a large downfield shift
aR= _@_Me (59%) L%rntqr;%ll:lrcﬁpbr.oton S = 0.46 ppm) incone4b compared to
= Due to the repulsion effect between heteroatom nitrogens
bR = “<t/> 65%) in the pyridine rings, they were orientated outward against
the cavity, wherein the protons in the pyridine rings were
subjected to the ring current shielding effects from the ad-
jacent pyridine rings. The protons were accordingly shifted
L to high magnetic field compared to those in a single unit of
ence of AB quartets for the bridging methylene protongterence compourib. On the other hand, the intramolecu-
with a A separation betweenadand Hq 0f 0.60 ppm. In |4 hygrogen bond makes the free-fold chains, QCEINH,
the calix[4]arenes, thes values of the ACHRAT protons  5n5:64ch each other so that the twisted orientation of pyrid-
have been correlated to the orientation of adjacent aromafig rings is observed. Therefore, protog i located closer
rings, i.e.,Aé >1 with cone conformation or syn orienta, space than other protons in the pyridine rings and the
tion, A$ of about 0.5 with flattened cone or out onentatloqElrgest upfield shift was observedd = —0.4 ppm). A
As of 0 ppm with 1,3-alternate or anti orientation [28gjmilar tendency is also found fgrartial-cone4b. An in-
29]. _The same findings were observed in hexahomotrio¥z molecular hydrogen bond was formed between the two
acalix[3Jarenes [14a]. Thus, we can deduce #@ieda ,ninted-up substituents, the nitrogen atoms in the pyridine
prefers a flattened cone conformation, in which hydrogep,s \vere orientated outward against the cavity and a large
bondmg can form. On comparison with the chemical Shlt}pﬁem shift was observed for3{As = —0.25 ppm) in
of relative protons betweerone4aand the reference com-y,q nyridine rings. The inverted substituent was folded down
pound6a, we can observe that the NH protona@one4a jnig the cavity formed by two aryl moieties. In comparison
dramatically shifted down fieldX$ = 0.83 ppm) so that ity compoundsb, in the inverted substituent, the protons
the intramolecular hydrogen bonding was formed betwe%‘i’diastereomethylene, NH andskh the pyridine ring were
NH _and the neighpo_ring C=Q moieties. On the other ha”%'rgely shifted upfield byAs 1.55, 0.50 and 0.25 ppm, re-
partial-cone4a exhibits two singlets for theert-butyl pro- - gpectively, while other protons in the pyridine ring are little

tons at 0.94 and 1.08 ppm (integral intensity 2: 1), singletspanged. This observation indicates that the nitrogen atom
for ArOCH,CO methylene protons &t3.35 and 4.37 ppm, s 4150 orientated outward even in the inverted substituent.

these signals are consistent with the structurepaftial- The alkyloxy calixarene can bind cations, neutral mo-
conedahaving aCz-symmetric structure. The two substituecjes or anions to form complexes, which has been inves-

ents were pointing up to the aromatic rings while the othgpaeq by several groups through different types of calix-
one was mver_ted and tightly accommodatediln.slde. the NYranes [1-4, 11]. The two-phase solvent extraction is an
drophobic cavity generated by the two aryl moieties, in a SQtfsicient and available method to investigate how host mo-
of self-inclusion complex. An intramolecular hydrogenbongl. ;ies bind metal cations [2, 3]. Extraction studies were
was also fom_]ed between the two pointed up substituents g qucted by the standard two phase procedure whereby
that a downfield shift of the NH protorA§ = 0.79 ppm) gjjyte solutions of each calixarene derivative in dichloro-
was observed compared 6z Dramatic upfield shifts for aihane were shaken with neutral aqueous metal picrate
the ArOCH,CO proton (6 = —1.04 ppm) and for the g tions, following which the equilibrium distribution of
NH proton (As = —0.65 ppm) were observed in the inver,q picrate was measured spectrophotometrically.

ted substituent, which strongly suggested that the inverted Interestingly, amidega and4b show low efficiency for

substituent folded into the hydrophobic cavity formed by,at41 cations compared 19, N-diethylamide2b[14a, 15].
two aromatic rings. A similar self-inclusion phenomenog,o ionophoric activity of compounéiwas almost absent.
was observed in the partial-cone structures such as otf§Le4a shows a single affinity ta-butyl ammonium ion
calix[4]arenes [30] and homocalix[3]arenes [31]. because of the £symmetry as discussed later. The iono-
~ However, even minor changes in the regioselective funGores usually form loose ion pairs with metal picrates,
tionalization [32] or conformation [33] of the chemically,ynich produced the maximum absorption peak at 377 nm
modified calixarene can introduce drastic changes in th?ﬁ]- As to C*+ and APRY, they form contact ion pairs with
complexation properties. N-heterocyclic reagents, such asia|-cone2b and cone4b, which shows the maximum
pyridine moieties, or dipyridine moieties, have been 'ntrc%ibsorption peak at 365 nm. Interestinglgne4aalso forms
duced into calixarene in order to form ligands for both hard,ntact ion pairs with-BuNH and shows the maximum
and soft metal ions, which should result in molecules SUP&Jpsorption peak at 365 nm. Ag)sp)artial-cone4b a contact

ior to amide and ester structures because of the high stabiljy, pair was formed with Ag. In comparison witltone4a,
in a wide pH range [34, 35]. Compourd and its reference .,ne4p has high affinity to transition metal ions, Agand
compound6b were prepared from the reaction of triadd

Scheme 4.
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Cu?* and the typical metal ion Af. These findings clearly Me
indicate that the lower-rim side chains having pyridyl group L

S . . . . Me =™ DMe
play a significant role in the complexation with transition L. B
metal ions. Thus, the cations might be encapsulated into t 3y ““:,l" g}'ﬁ

cavity formed by pyridine rings. Due to the strong hydro ', .;_J Q:l -.L:v';-h_.ii-

3 [

gen bonding formation between the NH and neighboring C :"

groups incone4a, it shows no affinity to either hard or soft ~ MH HM
metal cations. On the other hamtne4b can bind transition \_"ﬂ oH t‘}—{j
metal cations because of having the pyridyl groups whic { i H |
can bind soft metal cations. _}E’_;'- | =

The present binding mode can be demonstrated mc | E‘, ﬁ_l— g
clearly by using'H NMR spectroscopy. There are two : M{)-‘\I/\%{
modes forcone4ato bind withn-butylammoniumions, i.e., :.' | |l|1 1
from the lower rim through substituent moieties or from the ™= L_;I:-?’ i —1

.

upper rim through ther-cavity formed by three aromatic _ | = -CH,CH,CH-CH,
rings. As listed in Table 2, the chemical shifts @ine4a [

are ‘_j'ffer_e”t in the ab_sence and_ presence;-cbbtyl am- Figure 1. Binding mode of tris[(4-methylphenyl)aminocarbonyl)methoxy]
monium ion. After adding an equivalent 6fBuNH3Cl to  hexahomotrioxacalix[3]areneone4a andn-BuNHsCl.

a solution ofcone4a (5 x 10~2 mol/L) in CDClz at 27

°C, the protons on aromatic rings, @O, ArOCH, were

dramatically shifted to lower magnetic field, which indicate ) i i

that the binding mode occurred through theavity formed While the meta protons shift to higher field (0.05-0.1 ppm)
by three aromatic rings. This binding is attributed to the N complexes, this effect may be attributed to a different
effect of aromatic rings because both the host and the gug§ctron density at the ortho and the meta positions of the
molecules have @3-symmetric conformation. With excessa'omatic ring due to the presence of the anionic guest.

of n-BUNHsCl, the free guest molecules and the encapsu- F:hlorlde anion induces a larger d_ownfle_ld shift for the
lated molecules were clearly observed by protehNMR ~ @mide hydrogen oone4a than bromide anion does. For
spectroscopy, in which the encapsulated one was shif@@mPple, significant downfield shifts af5 1.09 ppm for
upfield, CHs(0.95 to 0.26,A5 = —0.69 ppm), CHCH the NH proton in thg case of Cland A$ 0.7_1 ppm in the
(1.45 to 0.30,A5 = —1.05 ppm), CHCH,CHy(1.77 to case of Br, regp_ectlvely, were observed (Figure 2). A_s the
~0.25,A8 = —2.02 ppm) andCH,N (3.00 to 0.30,A8 = elegtron negativity of the halogen atom decreased with the
—2.70 ppm). The chemical shift of the NH protondéone ~ S€ries of Cl, Brto | ator_n, th_e intensity of hydrogen bond-
4awas shifted to lower magnetic field 9.43t0 10.52A5 = N9 formed between their anions and NH protons should be

1.09 ppm) while the NH im-BuNH3Cl was shifted to higher decreased following the same order. In fact, in tEe proton
field (5 8.30 to 5.93;A8 = —2.37 ppm). Intramolecular NMR spectrum of a mixture ofone4aandn-BuNH; X,
hydrogen bonding itone4aweakens the affinity ofone the larger downfield chemical shift in the complex of NH
4ato metal ions which were encapsulated through the low@fth CI™ than thatwith Brand I” was observed. The asso-
rim of homotrioxacalix[3]arene derivatives. Wheone4a ciation constants calculated from these chanlges in chemical
was complexed withi-BuNHJ through ther-cavity, the shifts of thelamlde_protons ak, = 8550 M O_('AGO =
conformation ofcone4a was changed and intramoleculaf?-8 KImot =) for CI™ andk, = 1720 M™* (-AG°=18.6 KJ

_1 .
hydrogen bonding was impossible in this conformation, tfB0!" ) for Br™. cone4ashows a preference for Ccompl-
NH protons incone4awere shifted to lower magnetic field exation rather than Brcomplexation. This finding suggests

to indicate complexation of the anionic guest Cthrough that the cavity formed by the.three—fold amide moieties is
hydrogen bonding (Figure 1) [37]. On addition.oBusNI MOre complem_entary to the size _of_“OIhan to that of BT
and PhMgNCI to a solution ofconeda in CDCly(5 x as well as the higher electronegativity of Glather than that
10-3 mol/L), no complexation of halide anions was op®f Br~. In the case of tri(urea)-functionalized calix[6]arene,

served. Due to the strong intramolecular hydrogen bondirf§€ @nion complexation is preference for Because it has
the anion binding site is blocked. a large calix cavity and the three functionalized moieties in

Based on this observation, we investigated the complex€ 1,3,5-positions of calix[6]arene is more complementary

tion of cone4awith n-butyl ammonium halide counterions. [0 the size of the BT than to that of Ct [37b]. _
With addition of ammonium halide counterions the proton  Calix[5]arene derivatives were reported to complex with
peaks inconeda were separated into complexed and urfallkylammomun_w ions and.dlsplay an enzym_ellke selectivity
complexed ones. The integral intensity of the proton peald8] towards biologically important ammonium substrates.
of the complex was increased with increasing amount of argince _hexahomotrioxacalix[3Jarenes and their derivatives
monium halide counterions, and changed completely to tH8V€ theCs-symmetrical conformation, they can bind with
complex. primary ammonium ions having potential function not only
Furthermore, the ortho protons of the phenyl substituerlfs cheémical but in biological system [14-17]. The am-

at the amide groups show a downfield shift (0.05-0.1 ppr}°Nium ions form complexes witicone4 entering the
cavity formed by the calix benzene rings from the upper rim.
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Table 1. Extraction (%) of metal and ammonium picrates in ZHp2

lonophore Nd  K*  Agt  Ccw?t APt n-BuNH{ i-BuNHI  r-BuNH
cone2b 93.0 716 904 275 19.0 978 48.0 35.4
partial-cone2b 279 729 771 24.0 8.9 93.2 36.8 14.2
coneda 0 0 0 0 0 18.7 0 0
partial-cone4a 0 0 0 0 0 0 0 0
cone4b 0 0 76.9 16.6 115 38.1 19 0.8
partial-cone4b 0 0 311 3.1 2.6 2.2 0.4 0.4

2 Extraction (%) of metal and ammonium picrates by ionoph@msd4 in CH,Cl,. Extraction conditions;

2.5 x 1074 M of ionophore in CHCly; 2.5 x 104 M of picric acid in 0.1 M of alkali hydroxide or
metallic nitrate at 25C. lonophore solution (5.0 mL) was shaken for 24 h with picrate solution (5.0 mL)
and % extraction was measured by the absorbance of picrated@IgHExperimental error was2%.

Table 2. Chemical shift changes @bne4ainduced in the presence efBuNH3zCI2

Ph
Compound H Hp Ph—CH; NH ArOCH,  ArCH»0O Ar-H  t-Bu
coneda 7.44 6.95 2.25 9.43 4.39 427, 4.86 6.92 1.14
coneda 7.53 6.90 221 10.52 5.14 4.30, 5.50 7.22 1.23
+ n-BuNH3ClI
AsP +0.09 -0.05 -0.04 +1.09 +40.75 +0.03,+0.64 +0.30 +0.09

a A$ values are the difference of the chemical shiftcoheda (5 x 10-3 M) induced in the presence af
BUNH3CI (5 x 103 M) in CDCl3 at 27°C.
b A plus sign &) denotes a shift to lower magnetic field, whereas a minus sigrdénotes a shift to higher

magnetic field.

4a + n-BuNH;I

N

4a + n-BuNH;3Br

Al

4a + n-BuNH;Cl

-v-«/\WMwJ

4a

I

I
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I
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Figure 2. Partial lH NMR spectrum ofcone4a with n-BuNH}X* (in

CDCl3, 270 MHz, at 27C).

Thus the alkylated substituents remain in the cavity and are
shielded under the resonance of the calix benzene rings, the
protons on the alkylated ammonium ion will be shifted to the
upper rim correspondingly compared to their free protons. In
fact, three kinds of alkylated substituents were examined by
the 'H NMR titration experiments. The results are listed in
Table 3.

From Table 3, we see that the NH protons on alkylam-
monium ions were shifted to higher field when they were
encapsulated into the calix cavity. The maximum up field
shift was observed among the protons dfiZCHoNH3™
and then decreased with the sequence of alkyl length. For
example, in the case afbutylammonium ion, the protons
in CH>CH,NH3* were shifted to higher field more than
2.0 ppm while protons in B3CH> shifted to higher field
only by 0.69 ppm and 1.05 ppm, respectively. The calix
cavity of homooxacalix[3]arene can enclose #hlutyl am-
monium ion totally, the terminal K-IZCHZNHQr was located
deeply into the cavity, while B3CH> was located on the
edge of the cavity. Very close chemical shift values were
observed for encapsulated NH among the different alkylam-
monium ions, as well as their two linked methylene protons.
This finding indicates that the protons of @EH,NHJ (or
CH3CHzNHY, (CH3)3sCNHY) were located in a similar po-
sition in the cavity of the calix benzene rings, and were under
a similar intensity of resonance shielding.

Recently, Shinkaket al. reported that the 1,3-alternate
conformer of calix[4]arene tetraester can form both a 1:1
and a 2:1 metal/calixarene complex and the two metal-
binding sites display negative allostericity 3y NMR
titration experiments [39]. In the present system, due to the
existence of three metal-binding sites of the pyridine moiety
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Table 3. Chemical shift changes of RNJ€I included incone4a®

Chemical shift of proton
CH3 CH3CHy, CH3CHoCH,  CHo NH

Free 0.95 1.45 1.77 3.00 8.30
n-BuNH3 Complex 026 030 -0.25 0.30 5.93
AS -0.69 -1.05 —2.02 —2.70 -2.37
Free 1.32 3.04 8.24
EtNH3 Complex —0.49 0.43 5.94
AS -1.81 —2.61 -2.30
Free 1.50 8.16
terttBuNHj  Complex —0.36 5.94
AS —~1.86 —2.22

@ Determined in CDGJ, 270 MHz, 27°C; chemical shift§): ppm.As = Scomplex— Sfree-

1 turned inside the cavity and interact with Agwhich makes
a large downfield shift for b Hs and H; induced by the
inductive effect arising for the N—A(Q interaction present
in this cavity. After complexation with Ag, cone4bstill re-
tains theCz-symmetrical conformation and the NH proton is
also shifted to lower field due to the increased intramolecular
hydrogen bonding formed with the neighboring C=0 group.
Similar results were obtained wheartial-cone4b was
titrated with an equivalent of AgS{CFs, the nitrogen atoms
in the pyridine rings of the two pointed-up substituents
turned inside the cavity and coordinated with "AgFig-
ure 5), as well as the much stronger hydrogen bonding
formed between the NH protons and C=0 (a lower magnetic
field shift of As = +0.43 ppm for the NH proton). The
‘ protons in the two pyridine rings in the ordinary phenyl units
0 0.2 0.4 0.6 0.8 1 shifted to lower magnetic fieldA§ = + 0.28—+ 0.40 ppm)
Mole fraction of [Guest] / ([Host]+[Guest]) except k which shifted to_hig_her fi(_eIdA(S =—015 ppm).
4 This fact suggests that Agion is mainly bound to the nitro-
[Host]+[Guest] = 1.5x10™M gens of the pyridine rings in the two ordinary pheny! units
Figure 3. Job plots of the extraction of Aigwith hostcone4b. and the pyridyl group in the inverted phenyl unit rotates into
the cavity. Probably, this rotation is induced by steric repul-
sion between the bound Agion and thetert-butyl group
there are several possibilities for metal complexation modés.the inverted phenyl unit. Furthermore, the complexation
Thus,al:1anda2:1metal complexatiomone4b might of partial-cone4b with Ag™ makes the flattened aromatic
be possible. rings stand up so the shielding effect formed by the two aryl
As shown in Figure 3, the percent extractions reachrimgs became stronger. In the inverted substituent, both the
maximum at 0.5 mole fraction for this cation. The facNH proton and H in the pyridine ring were shifted upfield
clearly indicates that Ag forms a 1: 1 complex wittone  (As = —0.34 ppm for NH and-0.14 ppm for H, respec-
4b. It was also found that the correspondiane4ahardly tively) because they were under the shielding current caused
extracted Ag cation in these experimental conditions (exby the two aryl rings. Due to the complicated patterns of
traction %: less than 1%). Thus, Agshould be completely diastereomethylene protons and bridged methylene protons
bound by the soft pyridine cavity @one4b and the homo- in the presence of Ag as well as lower solubility of the
trioxacalix[3]arene cavity does not participate in the coneomplex in CDC4, it seems difficult to detect the changes
plexation. In order to explore the binding mode of threef these methylene protons in the inverted substituent in the
lower-rim side chains having pyridyl groups, we examinecomplex with Ag"™ ion. We also observed a precipitate dur-
the 'H NMR chemical shift differences between those bang the NMR titration experiments. Although the reason for
fore and after the addition of equimolar AggCFs, and the formation of the precipitate is not clear at the present stage,
composition of the ion-ionophore complex. one might assume the intermolecular complexation between
After titration with an equivalent of AgS§LFs, the Ag™ and inverted pyridyl groups.
protons in the pyridine rings icone4b were shifted to As mentioned aboveA$ between Hy and Hyq of the

lower magnetic field except4ivhich shifted to upper field ArCH,Ar methylene protons in calix[4]arene serves as a
(Aé = —0.12 ppm). This indicates that the nitrogen atoms

o
o

o
o

o
»

o
o

Extracted Ag* in org. phase (x10™*M)

o
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+0.186I X 5036 +0.30 X +0.28
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O -0.20 0
CH, _‘H: CH, CH,
+0.08 O
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-0.05 +0.27
-0.03 +0.06
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+0.08 X~ +0.04
+0.08

Figure 4. Chemical shift changes @bne4b andpartial-cone4b induced in the presence of AggOFs; (+) denotes the down-field ane-] denotes the
up-field shift.

= do not bind alkali metal ions because the binding site was
blocked. Bothcone4a andcone4b can bindn-butyl am-
monium ions through the-cavity formed by the three aryl
rings, which can provide functional moieties in biological
systems with good affinity and high selectivity. The anion
complexation ofcone4awas studied byH NMR titration
experiments.cone4a binds halide through intermolecular
hydrogen bonding among the NH hydrogens of amide in a
1:1 fashion in CDG. conedashows a preference for Cl
complexation rather than Brcomplexation.

As a Cg-symmetrical pyridyl-substituted calixarene,
compounddb can bind Ag" ion and the complexation mode

MH was elucidated clearly in this paper. The nitrogen atom in
Qj the pyridine ring turned from outward against the cavity to
N

inside the cavity to interact with Agwhile another one in
the inverted substituent ipartial-cone4b still remained.
Figure 5. Bfinding. mode of tris[(2-pyridylaminocarbonyl)methoxy] After complexation of amidegb with Ag+, the original
hexahomotrioxacalix[3]arenemne4b, andpartial-cone4b and Ag'. .
Cs-symmetry andC,-symmetry have been retained ftame
4b and partial-cone4b, respectively. The oxygen in the
measure of the ‘flattening’As increases from 0.60 ppm ethereal linkage did not take part in the complex procedure.
to 1.20 ppm incone4aupon the binding oh—BuNHgr and
from 0.42 ppm to 0.69 ppm inone4b upon the binding of
Ag, respectively. These findings imply thaine4astands Experimental
up when the guest is included becauslauNHgr enters into
the -cavity formed by three aromatic rings. On the othefll mps (Yanagimoto MP-§) are uncorrected. NMR spectra
hand, Ag- was encapsulated into the cavity formed by theere determined at 270MHz with a Nippon Denshi JEOL
pyridine rings. FT-270 NMR spectrometer with SiMes an internal refer-
ence: J-values are given in Hz. IR spectra were measured
for samples as KBr pellets or a liquid film on NaCl plates in
Conclusion a Nipon Denshi JIR-AQ20M spectrophotometer. UV spec-
tra were measured by a Shimadzu 240 spectrophotometer.
For the first time, the relationship between the properties bfass spectra were obtained on a Nippon Denshi JMS-01SA-
ionophore hosts and their intramolecular hydrogen bondi@gspectrometer at 75eV using a direct-inlet system through
was taken into account in th@s-symmetric conformation. GLC. Elemental analysis: Yanaco MT-5.
Due to the intramolecular hydrogen bonding, the affinities Materials: partial-cone7,15,23-Tritert-butyl-25,26,
of ionophoregla and4b to metal ions were weakened, they27-tris[(ethoxycarbonyl)methoxy]-2,3,10,11,18,19-
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hexahomo-3,11,19-trioxacalix[3]arerma(tial-cone2a) was stirred for 15 h at room temperature, it was con-
andcone7,15,23-tritert-butyl-25,26,27-tris[iV, N-diethyl- densed under reduced pressure. The residue was extracted
aminocarbonyl)methoxy]-2,3,10,11,18,19-hexahomo-3,11yith ethyl acetate (2« 30 mL). The combined extracts
19-trioxacalix[3]arenedone2b) were prepared according towere washed with 10% citric acid (8 20 mL), 5% so-

the literature [14, 15]. dium bicarbonate (20 mL), water (20 mL), saturated brine
(20 mL), dried (NaS(Oy) and condensed under reduced pres-
Synthesis sure. The residue recrystallized from methanol gaee4a

(83 mg, 61.2%) as colorless prisms; m.p. 234-286umax
Preparation of cone-hexahomotrioxacalix[3]arene triacetidKBr)/cm~ 3333, 2921, 2860, 1632, 1580, 1539, 1437,
acid (cone3) 1312, 1244, 1230, 1089, 1068, 1045, 1020, 802, 657, 641;
To a mixture ofcone2b (1.0 g, 1.14 mmol) in dioxane dH (CDCl3) 1.14 (27 H, s¢-Bu), 2.25 (9 H, s, PiEHs), 4.27
(30 mL) was added 1N NaOH aqueous solution (30 mL§6 H, d,J 12.7, ACH0), 4.39 (6 H, s, ArCH,), 4.86 (6
After the mixture was refluxed for three days, it was cortd, d, J 12.7, AICH20), 6.92 (6 H, s, AH), 6.95 (6 H, d,
densed under reduced pressure, then acidified to pH 4-8.8, PhHa), 7.44 (6 H, d,J 8.8, PhHb) and 9.42 (3 H,
2. The dispersion was extracted with ethyl acetatex(2 S, NH); m/z 1018 (M"); Found C, 74.52; H, 7.53; N, 4.30.
3 mL). The combined extracts were washed with water @alcd.for Ce3H7s09N3: C, 74.31; H, 7.42; N, 4.13%.
x 20 mL), saturated brine (20 mL), dried (p804) and Similarly, partial-cone4a,cone4b and partial-cone4b
condensed under reduced pressure. The residue was wad¥eig prepared in 59.0, 80.1 and 65.2% yields, respectively.
with a small amount of diethyl ether to give the crudme Partial-cone7,15,23-tritert-butyl-25,26,27-tris[(4-
3 as a colorless solid. Recrystallization from methanol gaveethylphenylamino- carbonyl)methoxy]-2,3,10,11,18,19-
cone3 (440 mg, 51.2%) as a colorless powder; m.p. 227-22@xahomo-3,11,19-trioxacalix[3]arene paftial-cone4a):
°C; umax (KBr)/cm~1 3400, 2975, 2915, 2867, 1758, 1483Colorless prisms (from methanol); m.p. 254-235 vmax
1456, 1363, 1234, 1199, 1094, 108§; (CDCl;) 1.12 (27 (KBr)/em~! 3362, 3322, 2962, 2867, 1696, 1606, 1526,
H, s, t-Bu), 4.44 (6 H, d,J 12.7, AICH,0), 4.92 (6 H, d, 1483, 1458, 1407, 1312, 1249, 1197, 1060, 885, 8L7;
12.7, AICH,0), 4.46 (6 H, s, Ar@H,) and 6.95 (6 H, s, (CDCl3) 0.94 (18 H, s¢-Bu), 1.08 (9 H, s¢-Bu), 2.32 (6 H,
Ar-H); m/z 750 (M+); Found C, 67.36; H, 7.40Calcd.for S, PhCHg), 2.34 (3 H, s, PIEH3), 3.35 (2 H, s, ArCHy),
Cu2H54012: C, 67.18; H, 7.25%. 4.01, 4.38, 4.45, 4.53, 4.87, 4.92 (each 2 H,Jd]12.7,
ArCH,0), 4.37 (4 H, s, Ar@H,), 6.98 (2 H, d,J 8.8, Ph-
Preparation of partial-cone-hexahomotrioxacalix[3]arene Ha), 7.08 (4 H, d./ 8.8, PhHa), 7.14, 7.27 (each 2 H, d,
triacetic acid (partial-cone3) 2.4, ArH), 7.35 (2 H, s, ArH), 7.46 (2 H, d,J 8.8, PhH,),
7.49 (4 H, d,J 8.8, PhH,), 7.95 (1 H, s, NH), 9.40 (2 H,

To a mixture ofpartial-cone2a (1.0 g, 1.20 mmol) in diox-
fo (1.0g ) NH); m/z 1018 (M*); Found C, 74.59; H, 7.40; N, 3.98.

ane (30 mL) was added 1N NaOH aqueous solution (30 mL).
( ) 4 ( eéalcd.for Cg3H7509N3: C, 74.31; H, 7.42; N, 4.13%.

After the mixture was stirred for 1 h at room temperature; X ) .
it was condensed under reduced pressure, then acidified toCONe7,15,23-tritert-butyl-25,26,27-tris[(2-pyridyl-

pH 1-2. The dispersion was extracted with ethyl acetate |n.ocarbolnyl)methoxy]-2,3,lp,11,18,19-he>§ah0mo-3,11,
x 30 mL). The combined extracts were washed with wat -trioxacalix[3Jarene done4b): Colorless 1pr|sms (from
(2 x 20 mL), saturated brine (20 mL), dried (p&0y) and methanol); m.p. 124-128C; umax (KBr)/cm™ 3395, 3304,

condensed under reduced pressure. The residue was Waﬁ%%’ 12??83 11179(:31,1%)236,7%;95(,3335,1115516,271i83, 1461,
with a small amount of hexane to give the cryartial- : : : 778 ( 3) 1.15 (  SI°

cone3 as a colorless solid. Recrystallization from methan(ﬁu)' 4.53(6H,dJ 12.7, ArQCHp), 4.49 (B H, 5, ArTHy),
gavepartial-cone3 (790 mg, 87.8%) as a colorless powder"l"94 (6 H, dJ 12.7, ArGCH), 6.99 (6 H s, Ar-H), 6.89
m.p. 158-160C; umax (KBr)/cm~1 3400, 2961, 2873, 1786, (3 H: M. pyridine-H), 7.45 (3 H, m, pyridine-k), 7.89 (3
1738, 1365, 1195, 1065, 1056, 886;(CDCls) 1.29 (18 H, ' d./ 8.8, pyridine-H), 8.18(3 H, m, pyridine-g), 9.71
s, 1-Bu), 1.33 (9 H, s7-Bu), 2.61 (2 H, s, Ar@H), 3.15, (3 H, s, NH);m/z 979 (M™); Found C, 69.65; H, 6.73; N,
4.27, 4.34, 4.45, 4.95, 5.17 (each 2 H] d2.7, AICH,0), 8.30.Calcd.for Cs7Hes09N6: C, 69.92; H, 6.79; N, 8.58%.

Partial-cone7,15,23-tritert-butyl-25,26,27-tris[(2-

4.60 (4 H, s, ArCHy), 7.30 (2 H, d,J 2.4, ArH), 7.38 (2 ) .

H, d,(J 2.4, ArH) anzé 7.43 ((2 H, s, AH); m/z 7)50 (I\/I+§; pyndylamlnocarponyl) methoxy]-2,3,;0,11,18,19-hexa-
Found C, 67.32: H, 7.35Calcd. for C4oHs4012: C, 67.18: homo-3,1_1,19—tr|oxacal|x[3]arenepart|al-cone4b): Col-

H. 7.25%. orless prisms (from methanol); m.p. 216-218; umax

’ (KBr)/cm~! 3326, 2918, 2851, 1702, 1628, 1577, 1524,
1483, 1460, 1433, 1302, 1197, 1086, 1052, 3gCDCl3)

. 0.92 (18 H, s,t-Bu), 1.10 (9 H, s,z-Bu), 2.86 (2 H, s,
[(4-methylphenylaminocarbonyl)methoxy]-2,3,10,11,18, ArOCHy), 3.99, 4.40, 4.57, 4.62, 5.00, 5.08 (each 2 H, d,

19—hexah9mo—3, 11, 19-trioxacalix[3]arene (co#ha}. . J 12.7, ACH,0), 4.42 (4 H, s, Ar@Hj), 6.98 (2 H, m,
To a solution ofcone3 (100 mg, 0.133 mmol);_a—tolwdme yridine-Hs), 7.03 (1 H, m, pyridine-i), 7.12 (2 H, d,J
(130 mg, 1.17 mmol) and 1-hydroxy-benzotriazole (HOBY 4 Ar-H), 7.35 (2 H, dJ 2.4, Ar-H), 7.43 (2 H, s, Ar-H)
(23 mg, 0.17 mmol) in CKCl, (12 mL) were added drop- 7 5g (2 H, m, pyridine-k), 7.62 (1 H, m, pyridine-k),

wise into a solution of dicyclohexylcarbodiimide (DCC)g 3 (2 H, d,J 8.8, pyridine-H), 8.06 (1 H, d,J 8.8
(171 mg) in CHCl, (5 mL) at 0°C. After the mixture Y ’ ’ n ’

Preparation of cone-7,15,23-tri-tert-butyl-25,26,27-tris-
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pyridine-Hy), 8.31 (2 H, m, pyridine-i§), 8.46 (1 H, m, PhHb), 8.60 (1 H, s, NH)m/z 325 (M"); Found C, 77.36;

pyridine-Hy), 8.76 (1 H, s, NH), 9.42 (2 H, s, NHn/z H, 8.33; N, 4.27Calcd.for Co1H2702N: C, 77.50; H, 8.36;

979 (M%); Found C, 69.77; H, 6.91; N, 8.34Calcd. for N, 4.31%.

Cs7He0O9Ng: C, 69.92; H, 6.79; N, 8.58%. Similarly, compoundb was prepared in 65.3% yield.
4-tert-Butyl-2,6-dimethyl[(2-pyridylaminocarbonyl)-

Preparation of (4-tert-butyl-2,6-dimethyl)phenoxyacetic methoxy]oenzenesp): colorless prisms; m.p. 118-12C;

acid (5) umax (KBr)lem~—1 3397, 3323, 2926, 2851, 1714, 1703,

To a solution of 2,6-dimethyl-4ert-butylphenol (400 mg, 1627, 1572, 1518, 1435, 1310, 1304, 1244, 1047, 774;

2.24 mmol) in dry THF (25 mL) was added NaH (177 mg? (CDCl) 1.30 (9 H, s,1-Bu), 2.30 (6 H, s, PIEH;),
7.38 mmol), then the solution was refluxed for one hodr41 (2 H, s, Ar@H), 7.04 (2 H, s, Ar-H), 7.10 (1 H,
under N avoiding light. To the mixing solution was ad-M Pyridine-t), 7.75 (1 H, m, pyridine-i), 8.31 (1 H, m,
ded methyl bromoacetate (2.60 g, 17.0 mmol). The mixtufR¥ridine-Hs), 8.35 (1 H, m, pyridine-tg), 9.25 (1 H, s, NH);
was refluxed under Nfor an additional 17 h. Removing ™/Z 312 (M*); Found C, 73.23; H, 7.35; N, 8.72Calcd.
most of the solvent the residue was treated with watdP! C19H2402N2: C, 73.05; H, 7.74; N, 8.97%.

then acidified and extracted with ethyl acetate. The com- )

bined organic solution was washed with water and thér{Crate extraction measurements

saturated brine. After drying over bi80, the solvent Alkali metal picrates (2.5< 1074 M) were prepared in situ
was removed under reduced pressure to afford methyl (& jissoiving 0.1 M of alkali metal hydroxide in 2.5
tert-butyl-2,6-dimethyl)phenoxyacetate as a yellow ik 10~* M of picric acid; triply distilled water was used for
(CDCl) 1.28 (9 H, s/-Bu), 2.28 (6 H, sCHg), 3.89 (3 ﬂ all aqueous solutions. Similarly, metallic picrates were pre-
S, OCHg), 4.41 (2 H, s, Ar@Hp), 7.00 (2 H, s, Ar-H). The 0 i ity by dissolving 0.1 M of metallic nitrate [AgNO
oily residue was used for the following hydrolysis reactlo%u(,\lo3)23|_|20 Al(NO3)39H,0] in 2.5 x 10-4 M of picric
without purification. acid. Alkyl ammonium picrates were prepared by mix-

_To a mixture - of cr_ude_ methyl (fert-butyl-2,6- i\ o equimolar mixture of alkylamine and picric acid in
dimethyl)phenoxyacetate in dioxane (30 mL) was added ethanol

NaOH aqueous solution (30 mL) at room temperature. After Two-phase solvent extraction was carried out between

the (Tixturg waj stirr((ajd at(;oom tempe[rar:ure fo&l h, it wi ater (5 mL, [alkali picrate] = 2.5 104 M) and CHCl,
condensed under reduced pressure. The residue was L, [ionophore] = 2.5« 104 M). The two-phase mixture

acidified to neutral condition. The precipitate was extractefl < <haken in a stoppered flask for 24 h aP@5We con-
with ethyl gcetate (& 30mL). The combm_ed extracts Wl med that this period was sufficient to attain the distribution
washed with water (20 mL), saturated brine (20 mL), dri uilibrium. This was repeated 3 times, and the solutions
(Na;SQy) and condensed under reduced pressure to aff re left standing until phase separation was complete. The

the title compound (423 mg, 80%) as a colorless Sond;extractabilit - :
i 1 y was determined spectrophotometrically from
m.p. 85-86°C; umax (KBr)/cm™= 3510, 2953, 2857, 1732'the decrease in the absorbance of the picrate ion in the

1691, 1489, 1266, 1197, 1126, (CDCh) 1.28 9 H, s, agueous phase as described by Pedersen [40].
t-Bu), 2.28 (6 H, sCHg), 4.45 (2 H, s, ArCHy), 7.02 (2
H. s, Ar-H). 1H NMR complexation experiment

Preparation of 4-tert-butyl-2,6-dimethyl[(4-methylphenyl)-To a CDCk:CD30D (3:1 v/v) solution (5x 1074 M) of
aminocarbonyl)methoxy]benzerga] conedb in the NMR tube was added a CDCICD3OD

To a solution of (4tert-butyl-2,6-dimethyl)phenoxyacetic (1 : 1 v/v) solution (5x 102 M) of AgSOsCFs. The spec-
acid 5 (100 mg, 0.43 mmol), p-toluidine (137 mg, trumwas registered after addition and the temperature of the
1.28 mmol) and HOBt (75 mg, 0.17 mmol) in GBI, (12 NMR probe kept constant at 2T.

mL) was added dropwise a solution of DCC (560 mg) in o o

CH,Cl, (5 mL) at 0°C. After the mixture was stirred for Determination of association constants

7 h at room temperature, it was condensed under reduced N
. : e measurements were performedByNMR titration ex-
pressure. The residue was extracted with ethyl acetate (2. : . :
eriments in a varying guest concentration of 0-50 mM and a

30 mL). The combined extracts were washed with 10% CitrE:onstant concentration of host receptors of 5 mM. As a probe
acid (2 x 20 mL), 5% sodium bicarbonate (20 mL), wate b ‘ P

(20 mL), saturated brine (20 mL), dried (p&0y) and con- the chemical shift of the amide protons [C(QJNsignal was

densed under reduced pressure. The residue recrystalli%sﬁd' The association constant values were calculated by the

from methanol gave the title compou6d (81 mg, 59%) as ﬁig:ﬁé;giﬁ;gégig;gigHtgrt(r)]teolri]tse 'r';ttSriC[ZEplex and free
colorless prisms; m.p. 204-20€; umax (KBr)/cm~—1 3277, 9 '
2950, 2928, 2865, 1667, 1533, 1515, 1484, 1458, 1443,
1408, 1360, 1322, 1310, 1195, 1124, 1050, 870, 819 7%'
’ 1 ’ ’ 1 ) 1 1 L] f
5 (CDCls) 1.30 (9 H, s4-Bu), 2.30 (6 H, s, PIEH3), 2.35 Cle ences
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