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ABSTRACT

We report the binding properties of four amido derivatives of p-tetraphenyl
tetrahomodioxacalix[4] arene towards alkali and alkaline-earth metal cations
'H NMR and ESI-Mass
spectrometry techniques.  © 2009 Trade Science Inc. - INDIA

using UV-absorption spectrophotometry,

INTRODUCTION

Duetothevariety of propertiesthat calixarenescan
offer by appropriate functionaization at theupper or at
thelower rim, these compounds are currently asubject
of great interest!*3. Their inclusion propertiestowards
metd cations, in particular, have been widdy explored
inthelast decade, especidly thecdix[4]aenederivatives
(28 The substituent groups, the conformati on adopted
andthesizeof thecavity of thederivativesareimportant
factorsintheefficiency of thecaix[4]arenederivative
asahost or carrier for agiven guest“.

Among thecdix[4]arenederivatives, homooxacaix
[4]arenes, bearing extraoxygen aomsinthemeacrocycdlic
ring, have been also interesting to organic chemists
because of their conformationd flexibility’*2, Noand
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co-workers synthesised a series of p-tetraphenyl
tetrahomodioxacalix[ 4] arene derivatives containing
ester, akyl and amidefunctiona groups.
Inacontinuation of our research on tetrahomodio
xacalix[4]arenederivatives, wereport hereour recent
resultsconcerning thebinding of dkdi and dkdine-earth
metal ions by p-tetraphenyl tetrahomodioxacalix
[4]areneamido derivativesdiffering by the nature of
theamidesgroupsat thelower rim: pyridinylamide (1),
phenylamide (2), diethylamide (3) and N-butylamido
(4). These ligands were synthesised by No and co-
workers. Their extraction propertiestowardsNa', K*,
Rb*, Cs", Sr**, Ba*, NH,*, Pb** and Ag* from water
to 1,2-dichloroethanewere a so studied. They reported
that the p-tetraphenyl tetrahomodioxacalix [4]arene
pyridinamide 1 exhibited asignificant affinity, more
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1.NHCH -, 2.NHCH,Ph, 3.N(EY), 4.NHBU,

5.N(Et),, 6. NHBU"

Figurel: Sructureof studied ligands(1-4) and related calixarenes(5, 6)
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Figure 2 : Extraction profile (%E) of alkali cations by
ligands1-4

TABLE 1: Percentagesof extraction of alkali picrates, from
water todichloromethane, at 20°C and stability constants of
complexes (Iogﬂxy) of alkali cations by ligands 1-4 in
acetonitrile, 1 =10*M (Et,NCIO,) at 25°C.

Ligands Li* Na’ K" Rb" C¢
A0HE 2.9 <1 30 11 33
" PlogBn 7.5 8.2 88 78 7.8
AE 1.1 1.2 33 35 1.1
" PlogB, 6.3 6.5 66 7.1 71
A%E  37.6 372 400 150 79
" PlogBy 6.7 6.2 63 58 49
2 0E <1 <1 <1 <1 34
" PlogBy 7.7 8.0 85 75 7.8

“Per centages error: + o, = 1, °0.01 <6, < 0.2

important than those of the p-tetraphenyl tetrahomodio
xacalix[4] arene phenylamide 2, towards all studied
cations, in particular toward Ag* (%E =70.1). They
explained thisby the presence of the nitrogen atom of
the pyridine participating in the cation complexation 3.
They reported d so that p-tetraphenyl tetrahomodioxa
calix [4]arene N,N-diethyl tetraamide 3 selectively
encapsul ates Pb?* over metal ionsin such manner that
thelead ionisbound to the carbonyl oxygen atoms of
two adjacent amide substituents and aryl-akyl ether

oxygen of one of them*4, Compounds 1-3 areblocked
in C-1,2-dternate conformation**519, in contrast to 4
whichismaintainedinthe 1,3 dternate conformation™.
Thislast conformation isdueto-stableintramol ecul ar
hydrogen bonding between N-H and thefacing oxygen
atom of the carbonyl C=0O groups. This hydrogen
bonding will decrease the metal ion complexation
abilityl*, No and co-workers reported also that
compound 4 gave alow extractability towards Pb*
ion[l7,18]'

The present studies of the binding propertieshave
been established by determining the stability constants
inacetonitrileby UV absorption spectrophotometry and
by ESI-M ass spectrometry titrations. The solid-liquid
extraction has been followed by *H-NMR. Thedata
arediscussed inthelight of those obtained with already
known related ligands namely those contai ning diethyl
amide (5) and N-butylamide (6), blocked in cone
conformation. Figure 1 illustratesthe structure of our
ligandsand therel ated calixarenes.

RESULTSAND DISCUSSION

Extraction and complexation of alkali metal cations

Theionophoric propertiesof amidesderivatives1-
4towardsmetd cations, fromwater to dichloromethane,
werefirst evaluated by the standard picrate extraction
method*®l. The result concerning alkali cations
expressed as a percentage of cation extracted (%E),
arereportedin TABLE 1 andillustrated infigure 2.

Theligands 1, 2 and 4, present generally weak
percentages of extraction (1<%E<3.5). Theligand 4
exhibit an extraction power comparabletoitshomologue
the p-tert-butyl calix[ 4] arenetetra-n-butylamide (6), in
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cone conformation (0<%E(6) < 5.2). All thisligands
bring amide secondary functionsgroupswhich present
aweak extraction power observed previoudy by other
authorg?-22l,

Ligand 3, carrying tertiary amidesfunctionsat the
lower rim, isaperfect extractant of thesecations, namely
Li*, Na" and K*. However, its extraction power stay
wesak thanitshomologue, the p-tert-butyl calix[4]arene
tetradiethyamide5, in cone conformation (12 = %E(5)
<95.5). Thiscan be explained by the existence of two
bridges CH,OCH, and by itsconformation 1,2-dternate,

The complexation of alkali cations by the amido
derivativesismanifested generaly by ahypochrome
displacement. In the case of ligand 3, the spectral
variations are produced in the same time as a
hypsochrome displacement of AL =3 nmuntil aratio
R closeto 1. Anisobestic point appearsat 255 nmin
thecaseof cationsLi*, Na*, K* and Rb* (figure 3).

The stability constants log B, determined in
acetonitrilefor akali metd seriesaregroupedinTABLE
1. The complexesformed are ML by the secondary
amides 1, 2 and 4 and ML by the tertiary amide 3.
Fgure4(a) show thestability profilesof complexesM.L
whicharesmilar inthecaseof ligands 1 and 4 dthough
their differencein conformation and substituents. They
display selectivity towardsK* (S *, ;* =20for 1 and
S me = 10 pour 4). Despite the similarity of the
sructureof ligand 1 and 2, the stability of complexesof
ligand 2islower inparticular for Li*, Na"and K*. The
presenceof thenitrogen atomsasdonor stesinpyridine
canexplainthisbehaviour. Any Sgnificant sdlectivity is
observed in the case of ligand 2 athough the light
incressesin stability intheseries.

Thedfinity of thetertiary amidederivative3ishigher
towardslittlesizecationsnamely for Li* (S * .."~70).
Thisbehaviour remind usthecdix[4]arenediethylamide
5 one, in cone conformation. The stability of its
complexesof Li*, Na" and K* exceed 8.5 logarithmic
unitsfigure4 (b).

Complexation of Rb* by phenylamidederivative2

TheESI-M Sspectraof ligand 2 show severd pesks
correspondingtoNH,*, Na® and K* complexes aready
present asimpuritiesinmaterias, asshowninfigure5.
Thetitration by Rb* makesin evidencetheformation of
ML complex, mgor upon Requd to 1, at 1463.1 m/z

—= Fyl] Paper
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Figure3: UV spectraof Rb*complexation by ligand 3in
acetonitrile,  =25°C,I1=10*M (Et,NCIO ), (C, =1.51x
10°M,0<R<2)
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Figure4 : Stability profiles of complexes ML of ligands1,
2and 4 (a) and ML of ligands3and 5 (b) intheseriesof
alkali cations, in acetonitrile

and M_L complex at 774.28, present as 15 %.
However, the peak relativeto thecomplex [Na.2]* kept
the sameintensity asthe complex [Rb.2]*. Theweak
intensity of the peak of thecomplex [Rb,.2]**, observed
from one equivalent of Rb*, can be explained by the
lost of the second cation upon the bombardment of the
sample. Infact, theeectricity voltage of the conewas
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40V, generating collis onswith themoleculesof nitrogen
inthemass spectrometer and can causethedissociation
of thenon-cova ent complex.

Complexation of K* by n-butylamidederivative4

Thecomplexaionof K* by ligand4 (figure6) shows
the formation of complexes [K.9]* at 1280.5 m/z,
[K.H.4]* at 640.7, [K.Na.4]*" at 651.7 and [K ,.4]**
at 659.7.

At theratio of 1, complexes[K.4]* and [K,4]*
gppeared. Upon addition of K*, theintengty of thepegks
relativesto the K* complexesincreaseto the detriment
of the [Na.4]* one. At 10 equivalents, the peaks of
[Na4]* and [K.4]* have the same intensity, which
suggest an affinity comparable of theligand towards
Na*and K*. In other hand, theseresultsshow theability
of theligand 4 to form abinuclear specieswiththesame
or two different cations.

Extraction and complexation of alkaline-earth
metal cations

The percentages of extraction of alkaline-earth
picratescationsby amido derivatives 1-4 areillustrated
iINnTABLE 2, aswell asthe stoechiometry and stability
constantsof complexesformed. Asshownin TABLE
2, ligands 1-2 and 4 are weak extractant (%E = 1).
However, thetertiary amide 3 exhibitsan important
extraction power towards Ca?*, Sr?* and Ba?*. Its
extraction profileissimilar asthe p-tert-butylcalix[4]
arenetetradiethylamide 5 one despitethedifference of
their conformation and the presence of the two oxa
bridgesinligand 3figure 7(a).

Theamidederivative 3 present selectivity towards

TABLE 2: Percentages of extraction of alkaline-earth
picrates, fromwater todichloromethane, at 20°C and stability
constantsof complexes(log Bxy) of alkalineearth cationsby
ligands 1-4in acetonitrile, | =10°M (Et,NCIO,) at 25°C

Ligands Mg®*  ca* s Ba*

4 0%E <1 <1 <1 <1

logBy, 3.8 4.8 3.8 47

4 %E <1 <1 <1 <1

2. PlogKy 34 - 46 3.8
®log B - 6.5 8.2 -

3 2 %E 5.6 85.4 94.7 96.3

" Plogpy 6.2 4.3 5.2 7.7

4 %E <1 <1 <1 <1

4. PlogKy - - 44 4.3
®logB, 6.5 8.9 7.6 -

“Percentages error: + ¢, ,= 1, "0.01 < 6, , < 0.2
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Figure5: ESI-M Sspectra (40V) relativeto thecomplexa
tion of Rb* by 2in acetonitrile, R=0, 1, 2
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Figure6: ESI-M Sspectra (40V) relativetothe complexa
tion of K* by 4in acetonitrile, R=0, 1, 2, 10
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Figure 7: Profiles of extraction (a) of alkaline-earth
cations by ligands 3 and 5 and of stability (b) of ML
complexesof ligands1, 3and 4

Sr2*and Ba?* however itscalixarene parent 5exhibit a
selectivity towards Ca?*. The cation Mg? istheless
extracted cation by thetwo ligands.
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The complexation of alkaline-earth cations by
ligands 1 and 3 lead to the formation of complex with
1.1 stoechiometry. On theother hand, the phenylamide
2 and the n-butylamide 4 form specieswith various
stoechiometry depending onthecation. Infact, and for
systems Mg?/2, Ba?*/2 and B&?*/4, species ML are
formed, while 2:1 species appear during the
complexation of Ca* by ligand 2 and Mg?* and Ca?*
by 4. Withtheselater ligands, two complexes, ML and
M.L, wereformed smultaneousinthepresenceof S,
Thegahility constants, log K., , relativetotheformation
of M,L from ML areequa to 3.6 and 3.2l ogarithmic
unitsrespectively for ligands 2 and 4. They arelower
than thoseof ML (log B,,). Thisshowsthe absence of
the cooperative effect for the formation of ML
complexes.

Itisnoteworthy that the nature of speciesformedin
thecaseof ligand 4 dependsonthecation size. Infact,
thisligand form M_L complex with Iessbulky cations
and present selectivity towards Ca?*. For Sr?*, two
complexes1:1and2:1 co-exist, andfor thelargest cation
Ba?* only 1:1 complex wasformed.

Thefigure7(b) presentsthestability profilesof ML
species formed by 1, 3 and 4. Only for Ca*, the
complexesformed by the diethylamidederivative3 are
more stable than those obtained by ligand 1 and
significant selectivity appearstowardsMg? and Ba?*
for 3 (S % ca =107, S 777 = 2.8x10°). The
complexation of akaine-earth cationsstrongly depends
onthenatureof substituent and the conformation of the
ligand. Theseresults confirm that the complexation
affinitiesof thetertiary amidesare higher than those of
secondary amides?Y.

In general, the affinity of calix[4]arenes amides
towardsakaline-earth cations, asknownin literature,
ismoreimportant than the ester and ketone derivative
one. Thisisproved inthe case of tetrahomodioxacaix
[4]arenetetraethylester, sudied dso by us, and of ligand
3, excepted for Ca?*1?4,

To obtain further informations about the
stoechiometry and the position of the cation in the
macrocycle, *H NMR study was performed. Thisstudy
isbased onthepicrate extraction by ligand dissolvedin
CDCl,. Thepicrateion, having two protons, appear as
peak on the NMR spectra and the ratio of extracted
cation by ligand was estimated by the integration of

—= Fyll Poper

TABLE 3: Chemicalsshifts(ppm) of ligand 3and itscomplex
of Ca?*in CDClI,

H correspondant 3(3) §[Ca.3*
NCH,CH; 1.17 1.25
NCH,CH; 1.23 1.26
NCH,CH; 3.40 373
ArCH,Ar 3.47 3.66
CH,OCH, 453 4.26
OCH,CON 470 4.59
CH,OCH, 4.96 481
OCH,CON 5.04 521
ArCH,Ar 5.02 4.32

Heny 7.08 7.36
ArHeta 7.15 7.38
Hery 7.20 7.64
s -+

I-Irl j
‘ L T, VO . X | S

e ) QLD
. ;L‘ 3
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Figure8: NMR spectraof ligand 3 and its complex [Ca.
3]*,in CDCI,

M Tl A

picrate proton resonances vsthose of aromatic protons
of the dioxacalixarene unit. In the other hand, the
variations of the chemicals shifts Ad of protons of
complex towardsthose of ligand (A8 =8, 1,08} .n0)
cangiveusideaabout thelocation of thecation. Inthis
context, we present here as examplethe spectraof the
system Ca2*/3 which hasbeenrecorded at 300 MHzin
CDCI.,

Complexation of Ca?* by diethylamidederivative3

Figure 8 present the NMR spectraof ligand 3and
itscomplex of Ca?*.

Theintegration of the picrate proton signal makes
in evidencetheformation of ML complex of Ce?*. This
result isin agreement with those of spectrophotometric
study in acetonitrile. However, the variations of
chemicalsshifts(Ad) arepresented on TABLE 3.

The complexation of Ca?* leadsthevariations of
almost al protons of the ligand. The AB systems,
previously superposed on theligand specta, stand out
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ligand 3

clearly and become more resolved on the complex
gpectra. The main variations of chemicals shifts of
protonsof ArCH_Ar and CH,OCH, groupements (AS
=-0.7and-0.27, respectively) suggest thelocation of
the cation C&* in the middle of the macrocycle, in
interaction with the phenolic oxygen atoms, the
carbonylesand theoxabridge (figure9).

EXPERIMENTAL

Extraction experiments

The extraction experiments from water into
dichloromethane were performed according to the
following procedure: 5 ml of 2.5 x10*M agueous
picratesolutionand 5ml of 2.5x10*M solutionof ligand
5in CH,CI,, were mechanically shaken in stroppered
glass tube for 3 min, then magnetically stirred in a
thermoregul ated water bath at 20+ 0.1°C for 30 min
andfindly left standing for afurther 30 minin order to
obtain good separation of the two phases. The
absorbanceA of the metal picratesremaining inthe
agueous phase was then determined spectrophoto
metrically at 355 nm. The percentage extraction, %E,
arederived from expression 100(A -A)/A , whereA |
isthe absorbance of the agqueous solution of ablank
experiment without ligand.

Sability constant deter mination

Thestability constants By being the concentration
retio[M,L *™]/(IM™T{L]") (WhereM™ =metal ionand
L =ligand) were determined in acetonitrile (Riedel -
deHaén, analytical reagent) by UV absorption

spectrophotometry at 25°C and constant ionic strength
provided by 0.01 M Et,NCIO, (Fluka, purum) or
Et,NNO, (Acros) according to the procedure a ready
described??. The spectrawererecorded on aPerkin
Elmer Lambda 11. Theligand concentrations 10°M
and the increasing concentration of metal ion were
recorded between 220 and 320 nm. Theresults data
were treated by programs Letagrop-Spefo®. The
metal salts used were perchlorates or nitrate in
acetonitrile: LiClO, and Ca(ClO,),-4H,0 (Fluka,
purum), KCIO,andBa(ClO,), (Prolabo), NaClO, and
RbCIO, (Sigma), CsClIO, and Sr(CIO,),-6H,0O (Alfa
Aesar), Mg(NO,),-6H,0 (Merck). All thesesdtswere
dried under vacuum for at least 24 hbeforeuse. The
concentrations of the stock solutions of the cations
(except dkdi cations) were standardized by complexo
metry using theappropriate col oured indicatorg?l.

ESI-massspectrometry experiments

Stock solutionsof theligand (3x10°) andthemeta
sdtswerepreparedinacetonitrileand mixedinthegiven
ratios (0.5, 1, 2 and 10) andimmediately analyzed with
theESI-TOF (dectrogpray ionizationtimeof flight) mass
spectrometer.

High-Resolution ESI massspectrain postivemode
were acquired on atime of flight mass spectrometer
(microTof, Bruker Datonics, Bremen, Germany). The
instrument was calibrated using multiprotonated ions
from horse heart myoglobin. The ESI-source was
heated to 200°C. Sample conevoltage (capillary Exit)
wasvaried from 60-160 V.

Sampl e solutionswereintroduced into the mass
spectrometer sourcewith asyringe pump (Cole Parmer,
VernonHills, lllinois USA) with aflow rateof Sul/min.
Scanning was performed on am/z range from 100-
3000, data was averaged for 1 minute and then
smoothed using the Gaussian agorithm.

Proton NM R titration experiments

The *H NMR spectrums were recorded on a
Bruker SY 300 spectrometer. The temperature of the
NMR probe was kept constant at 22°C.
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CONCLUSION

The extraction study showsthe weak extractant
power of the secondary amides: pyridine 1, phenyl 2
and n-butyl 4 derivativestowardsakali and akaline-
earth picratescations. In contrast, thetertiary amide
diethyl 3 derivativeexhibitsahighextraction power and
the percentages %E range between 5.6 and 96%,
showing asignificant selectivity infavour to Sr**, Ba?*
and Pb?". However, the extraction power of ligand 3
remainslower than therelated calixarene5, in cone
conformation. It may be assigned to the difference of
the conformation or to thelarger cavity of 3duetothe
presence of two oxabridges.

The spectrophotometry study showstheformation
of complexes M, L and/or ML by ligands 1, 2 and 4
dependingtothecation. For example, inthecaseof the
systems Sr**/2 and Sr**/4, the speciesML and ML
areformed s multaneous. The 2:1 stoechiometry of the
Rb* complex by ligand 2 and of theK* oneby ligand 4
were confirmed by ESI-M S spectrometry. Thislater
technique pointed also theformation of supplementary
specieswith 1:1 stoechiometry in the case of Rb*/2
sysems.

Inthecaseof ligand 3, ML complexeswereformed
with all cationsin the acetonitrile. Selectivity were
pointed off infavourtoLi*(S*,..* = 70) and B&** (S
b e = 2.8x10°. The 1:1 stoechiometry of
Ca?*complex, inthe chloroform, was detected by *H
NMR and thevariations of chemicalsshiftsupon the
complexation suggest alocation of thiscationinthe
middle of themacrocycle.
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