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INTRODUCTION

Calixarenes¥ havebeen exploitedinall areas of
supramolecular chemistry!? over the past four decades
and many recent devel opments have concerned their
goplicationsin the production of chemicd entitieswith
thedimensions of nanometresasin ‘nanochemistry’t.
One of the most important use of calixarenesisthe
treatment of nuclear wastes.

In arecent publication®™ we haveinvestigated the
fluorescence-sensing properties of pyrenyl-appended
calixarenes. The fluorescence behaviour of these
product wasinvestigated in acetonitrileinthe presence
of variouscation perchlorate (Li*, K*, Cs*, Ag*, Al*,
Ba?t, Cd?, and In®*). Only tren-N-tricalix[4]arenewith
three appended pyrenyl groups showed enhanced
fluorescence in the presence of Al**, and to alesser
extend, withIn*. Thiswasinterpreted by theneed of a
tren coreto capturemetd cationsand giveafluorescent
sgnd, thecaixarenic unit having noimportant rolein
the complexation process.

In this paper we described the synthesis of two
dicalix-diamidopyrene and investigated the binding
propertiesin order to evidence someother feature of
theseligandsin the presence of lanthanide and Co?,
Cu?t, Cd?, Zre+, Al* cations.

Synthesispart
Synthesisof 1

The synthesisof derivative 1 wasconducted at the
beginning of the compound (1). Inthelatter, oneadds
5 equivaents K,CO,, 2.5 equivalents N-PCA and
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excessive Kl and door-to reflux under nitrogen in
acetonitrilefor 2 days. Thederivative Lispurified on
silicacolumn (CH,Cl./acetone: 85/15), itisobtainedin
theform of ayellow powder with ayield of 28%. Mass
spectrometry MALDI-TOF showed that the derivative
lism/z=1980.72 (C ,H,N,O,,).
Synthesisof iii

Theiii derivative is obtained by reacting mono
methyleester calix[4]arene (ii) with 0.33 equivaents
2,2'-(ethylenedioxy) bis(ethylamine) (commercid) ina
mixture of methanol/toluene: (1/1). It bringsto reflux
under nitrogen for 24 hours. Theproduct iii ispurified
by column chromatography on silica(CH,Cl /acetone:
90/10) and isobtained intheform of white powder with
ayield of 38%. Mass spectrometry FAB* showed that
thederivativeiii ism/z=1526.0 (C,H, ,,N,O,,).

98
Synthesisof 2

Weintroduce 0.500 g (0.327 mmol) of derivative
iti, 0.220 g (1.63 mmol) of K,CO, and 10 ml of
acetonitrile. Wegaveastirring under roomtemperature
for 1 hour. Then we add 0.250 g (0.819 mmol) N-
PCA and excessiveK | and door toreflux under nitrogen
for 3days. After extraction, theresdueissolubilizedin
the minimum dichloromethaneand purified onsilica
column (CH,Cl_/acetone: 85/15). Thederivative2is
obtained intheform of ayellow powder withayield of
33%.

Preparation of i:

i (300 mg ,0.208 mmol), K,CO, (144 mg ,1.04
mmol), N-PCA (160 mg,0.521 mmol) and an excess
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(ii) (iii)

of KI, acetonitrile (4 mL) wererefluxed for 2d. After
evaporation under reduced pressure, theresiduewas
dissolvedin CH,Cl, and washed with aqueous 1IN HCl.
Theorganiclayer wasdried over Na,SO,, filtrated and
evaporated. Chromatography onaSiO, column (85:15
CH,Cl./acetone) gave pure 1. White solid. Mp 165-
166 °C 'H NMR (CDCI,): 9.06 (t, 2H, J= 3.3 Hz,
NHCO), 8.98 (s large, 2H, NHCO-pyrenyl), 8.17-
7.70 (m, 18H, pyreneH), 6.87 (s, 4H, ArOH), 6.78-
6.53 (m, 16H, ArH), 5.07 (d, 4H, J = 3.0 Hz,
OCH,CO-pyrenyl), 4.88 (s, 4H, OCH_CO), 4.20 (d,
4H,J=13.2Hz, ,AB system,ArCH_Ar), 4.11 (s, 4H,
NHCH_pyrenyl)), 3.87(q, 4H, J=3.9Hz, CH,CH,),
3.29 (d, 4H, J = 15.0 Hz, A’B’ system, ArCH,A),
2.96(d,4H, J=13.2Hz, AB system, ArCH_Ar), 2.71
(d, 4H,J=15.0Hz, A’B’ system, ArCH,Ar), 1.09 (s,
36H, tert-butyl), 0.93 (s, 18H, tert-butyl), 0.87 (s, 18H,
tert butyl) MW = 1980.63 calculated for C H_ .
N,O,,, (MALDI-TOF) m/z=1980.72. Yield 28%

Preparation of iii

ii (500 mg,0.69 mmol), 2,2’-(ethylenedioxy)bis
(ethylamine) (34 mg,0.23 mmol), 5 mL méthanol/
toluéne : (1/1) were refluxed for 24h. After evaporation
under reduced pressure, theresiduewasdissolvedin
CH,CI... Chromatography on a SiO, column (90:10
CH,Cl /acetone) gave pureiii. White solid. Mp 212-
214°C*™HNMR (CDCI.,): 10.06 (s, 2H, ArOH), 9.39
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(s, 4H, ArOH), 9.24 (t, 2H, J = 4.71 Hz, NHCO),
7.11 (s, 4H, ArH), 7.09 (s, 8H, ArH), 7.04 (s, 4H,
ArH), 4.59 (s, 4H, OCH,CO), 4.27 (d, 4H, J=13.2
Hz, AB system, ArCH_Ar), 4.17(d, 4H, J=13.2 Hz,
A’B’ system, ArCH,Ar), 3.76-3.71 (m, 12H,
CH,CH,), 3.37 (d, 4H, J = 13.2 Hz, AB system,
ArCH,Ar), 3.36 (d, 4H, J= 13.2 Hz, A’B’ system,
ArCH,Ar), 1.27 (s, 18H, tert-butyl), 1.25(s, 36H, tert-
butyl), 1.20 (s, 18H, tert butyl). MW = 1526,1
calculated for C_H (MALDI-TOF) m/z =
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1526.0. Yield 38 %.
Preparation of 2

iii (500 mg,0.327 mmol), K,CO, (220 mg,1.63
mmol), N-PCA (250 mg,0.819 mmol) and an excess
of K1, acetonitrile (10 mL) wererefluxed for 3d. After
evaporation under reduced pressure, theresiduewas
dissolvedin CH,Cl, and washed with agueous IN HCI.
Theorganiclayer wasdried over Na,SO,, filtrated and
evaporated. Chromatography onaSiO, column (85:15
CH_CIl_/acetone) gave pure 2. White solid. Mp 171-
172°C*H NMR (CDCl,): 10.04 (s, 1H,ArOH), 9.37
(s, 1H,ArOH),9.18(t, 2H, J=5.4Hz,NHCO), 9.11
(t, 2H, J= 3.3 Hz, NHCO-pyrenyl), 8.24-7.69 (m,
18H, pyreneH), 7.08 (s, 2H, ArOH), 6.77-6.50 (m,
16H, ArH), 5.28 (d, 4H, J = 3.6 Hz, OCH,CO-
pyrenyl), 4.72 (s, 4H, OCH,CO), 4.05 (d, 4H, J =
13.2 Hz, AB system, ArCH,Ar), 4.11 (s, 4H,
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NHCH pyrenyl), 3.78 (g, 4H, J=5.1 Hz, CH,CH,),
3.51(t, 4H,J=4.5Hz, CH,CH,), 3.25(d, 4H, J=
13.5 Hz, A’B’ system, ArCH,Ar), 3.18 (s, 4H,
CH,CH,), 3.02 (d, 4H, J = 13.2Hz, AB system,
ArCH,Ar), 2.65 (d, 4H, J= 13.5 Hz, A’B’ system,
ArCH_Ar), 1.19(s, 36H, tert-butyl), 0.93 (s, 18H, tert-
butyl), 0.89 (s, 18H, tert-butyl). MW = 2068.73
calculated for C ,H,., N,O,,, (MALDI-TOF) m/z=
2068.49. Yield 33 %.°C-NMR (CDCI.,) : 168.748,
148.838, 148.110, 142.264, 132.120, 131.793,
130.519, 129.764, 128.205, 127.145, 126.439,
126.387, 125.987, 125.696, 125.454, 125.016,
124.825, 124.735, 122.410, 74.605, 69.950, 39.220,
33.966, 33.867, 33.653, 32.058, 31.571, 31.118,
30.831, 30.769.

EXPERIMENTAL

I nstrumentation

Uncorrected melting points(Mps), Biichi 500. *H
NMR, Bruker SY 200 (300 MHz, § in ppm from tms,
Jin Hz in CDCI, or CD,CN, TMS as standart).
MALDI-TOF mass spectra, Biflex Bruker. All the
reactionswererun under N, atmosphere. SO,(Geduran
1.11567) was used for column chromatography. All
reagents and solvents were commercial and used
without further purification. The UV spectra were
recorded on a Perkin EImer Lambda (11) spectro
photometer. Conductance measurementswererecorded
on a conductimeter Tacussel CDM210 with cell
constant 0.719.

Extraction studies

Theextraction experiments of Ln* and transition
metal picratesfrom water into dichloro methanewere
performed according to aprocedure described in the
literature® Equal volumes (5 ml) of neutral agueous
solutionof alkai meta picrate(2.5x10* M) and CH,Cl,
solution (5 ml) of calixarenederivatives (2.5x10“M)
were mixed and magnetically shaken in a thermo-
regul ated water bath at 20°C for 30 min and then | eft
standing for 2 to 6 h in order to obtain a complete
separation of thetwo phases. The concentration of metd
picrateremai ningin theagueous phasewas determined
from the absorbance A at 355 nm. The percentage
extraction (%E) was derived from the following
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expressioninwhichA, jistheabsorbance of the agqueous
solution of ablank experiment without calixarene:

%E =100(A,-A)/A,
Sability constant measurements

Thestability constantsf3, beingtheconcentration

ratios [MXLyX'“]/ [M™]X[L]¥ and corresponding to the
generd equilibrium:
yL +XM™ &> MXLyX”*
(whereM™ =metd ion, L =ligand) weredeterminedin
acetonitrile by UV-absorption spectrophotometry at
25°C. Theionic strength was been maintained at 0.01
M using either Et, NCIO, or Et, NNO. The spectraof
ligand solutions of concentrationsranging between 10
and 2x10* M and increasing concentration of metal
ion were recorded between 250 nm and 350 nm.
Generaly themeta to ligandratio R at the end of the
titration did not exceed 20 and theequilibriawerequas -
instantaneousfor al the systems. Addition of themetal
ion saltsto theligand induced in the spectrachanges
largeenoughto dlow the analysisof theresulting data
using the program “Letagrop™”. Best valuesfor the
formation constants Bxy of thevarious complex species
and their molar absorptivity coefficientsfor various
wavel engths, arededuced fromthe best fit betweenthe
experimenta and cdculated UV spectra. Thebest fitis
reflected by thelowest valueof U (thesum of U values
for dl lambdagiven) corresponding to the square sum
of adifferencesbetween experimental and calculated
absorbances (U = X (A, -A,)?)- The B, values
correspond to the arithmetic means of at least three
independent experiments.

RESULTSAND DISCUSSION

Extraction propertiesof 1and 2

Thepower extracting of derivatives1and 2 towards
picrates cations lanthanides and transition metalsis
eva uated through thedetermination of the percentages
of extraction %E |atter of water to dichloromethane.
The percentage extraction picrates metal of thetwo
ligandsstudied aregrouped inTABLES 1 and 2.

Based ontheseresults, we havefound that ligands
behavevery differently, infact, aligand haveno affinity
with al picratesstudied (1) and aligand with apower
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TABLE 1 : Pourcentages d’extraction %E des picrates de
lanthanidesdel’eau vers le dichlorométhane (ot 20°C) par les
dérivés 1 et2

TABLE 2: Pourcentagesd’extraction %E des picrates de Al,
Co, Zn, Cu et Cd del’eau vers le dichlorométhane (o0 20°C)
par lesdérivés 1 et 2

La® pPr¥ Nd* Eu® Gd*  Er*  Yp* Al Co* Zn* cu® cd”

1 <1 <1 <1 <1 <1 <1 <1 1 <1 <1 <1 <1 <1

2 99 99 99 99 98 99 99 2 99 99 99 99 99

TABLE 3 : Stability of complexes with derivatives 1 et2 avec les lanthanides in acetonitrile : log Bxy (I=10°M, Et,NNO,, 25°C)

ML La Pr Nd Eu Gd Er Yb

1 21 857+0.03 9.04 + 0.05 9.34+0.07 8.83+0.09 8.61+0.01 9.09 + 0.02 9.62 + 0.01
1.1 6.77 + 0.05 6.14+ 0.20 556+ 0.15 558+ 0.18

2 51 5264009  536+£003  534+001 )60 619 1003£015 10.38+019 1035+ 004

extracting absolute Towardsall picrates studied (2).
Theseresultslead usto concludethat the nature and
length of the bridge connecting theunitscdixaréniques
arethe only factors dominate the extraction sincethe
twoligandsthat differ only by thesetwo factors. Indeed
elongation and the repl acement of thebridge NHCH. -
CH,NH (1) by NHCH,CH,OCH,CH,OCH,CH,NH
(2) only givesthe percentagesof extraction from 0%to
atotd extraction of 100%. Furthermore, themagnitude
of extraction observed percentagesfor eachligand was
retained regardless of the nature of the cation
considered.

Complexation propertiesof 1and 2

Derivatives 1 and 2 are various (calix-amido-
pyréne) that differ by connecting the two units
calixaréniques. The purpose of this study is to assess
therole each of these gatewaysin the complexation
propertiesof them.

Complexation of lanthanides

The complexation of thisseriesof trivalent cations
by the derivative 1 does generally not cause spectral
fluctuations. Oneeffect hypochromewhich sometimes
is accompanied points isobestiques are commonly
observed. Thestability congtantsof complex derivatives
di-cdixareniques 1 and 2 with cationsLn® arecollected
inTABLES3.

In acetonitrile, derivative 1 does shapethan cash
binucl eaireswith lanthanidescations. Thevauesof the
logarithms of stability constants are between 8.57 and
9.62 with an affinity for Y b* where stability of its
complex is10timesgreater than that of complex La*,
Eu®* and Gd®*. Theabsence of the mononuclear species
with theligand 1 can be explained by thelength of the
bridge ethylenediamide, considered too short to alow

for flexibility and arearrangement of themoleculearound
acation order to coordinate. A second argument which
can be offered isthe contribution of central atoms of
oxygen, inthecase of ligand 2, in the coordination of
themetal inthe mononuclear complex.

According to TABLE 3, we can see that the
derivative2formML specieswithdl cationsintheseries
Ln* sudied, dongwiththespeciesM_L fromeuropium
indicating asizeeffect. ML complexesand ML trained
with Eu®* arethe most stablein the series. However,
mononuclear complexes formed with L&, Pr3* and
Nd®* are even suggesting stability coordination
equivaent. But thestability of thecomplexesmono and
binucl éaires trained with cations size weaker showing a
decreasefrom Eu®* to Gd®** then remai nsconstant with
Ers*and Y b*.

Complexation of transtion metals and aluminium:
Co,Cu,Cd,ZnandAl

Successive additions of metal solutions to the
solution of thederivative 1 lead, in the case of Co*,
Zn?* and Cu?*, an hypochromeeffect withlow spectra
variations. All absorption spectrain UV related to the
complexation of these cationsby thederivative 2 have
an effect hypochrome except inthe case of Al** where
thereistheformation of two isobestiquespoints. The
gpectral variationsareusudly small andindl casesthe
poi ntsisobestiques correspond to auniqueba ance. The
interpretation of these spectral variationsleadsusin
TABLEA4:

TABLE 4 : Sability of complexeswith 1 et 2behavior of tran-
sition metals and Al*in acetonitrile: log B, (1=10°M,
Et,NCIO, or Et,NNO,, 25°C)

ML Al Co Zn Cu Cd
1 1:1 5.00+0.01 5.19+0.035.65+0.025.00+0.024.79+0.02
2 1:1 4.23+0.09 4.66+0.024.24+0.014.93+0.054.32+0.03
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With thissecond serie of cations, derivatives1 and
2 seemto bein agreement viewpoint stoichiometries
they areformed mononuclear speciesinal cases. The
complexesformedwiththederivative laremorestable
than those formed with the derivative 2. Thereisa
selectivity of mild derivative 1 towards zinc and
derivative 2 towards copper. In conclusion, and asa
first observation, thereplacement of thebridge CH,CH,
(inderivative 1) by CH,CH,OCH,CH,OCH.CH, (in
derivative 2) led the formation of the mononuclear
gpecieswithtrivaent lanthanidesin agreement with the
acidic nature of thelatter lasts, which seemto prefer
stesoxygenates. Thishas strengthened the stability of
thecomplexeshbinucleaires.

Complexation study with mass spectroscopy:
MALDI-TOF

Following thestudy by UV spectrophotometry and
in order to confirm some stoichiometriesharvested by
it, we had resorted to the technique of mass
spectrometry method MALDI-TOF once the end of
thecomplexationisreached. Thesystem studied by the
latter isasfollows: 2/Eu.

Complexation of europium by derivative2

[1Eu-lH]" [

[10e] 12 2Eg-5ET

biEd ot 08 3. L4

Massspectrum MALDI-TOFrelated tothe
complexation of Eu®** by derivative2

Theresults of mass spectrometry MALDI-TOF
show the presence of signal on the mononuclear
complex [2.Eu-2H]* at 2218.0 m/z aswell asonthe
complex binucléaire [2.2Eu-5H]" at 2365.9 m/z. This
is perfectly in line with the results obtained by UV

spectrophotometry.
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