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Abstract

The solvent effect on the 'H NMR spectra of 5, 11, 17, 23 tetra-tert-butyl-25, 26, 27, 28-
tetra-[ 2-(4-pyridyl) methoxy] calix(4) arene, 1c in a wide range of solvents with different
dielectric constants was investigated and the results are discussed. It is shown that the *H
NMR spectrum of this macrocycleis sensitive to the nature of the solvent. In all solventsthe
ligand showsa distorted ‘ cone’ conformation.. The aromatic protons show the most significant
deshielding effect in acetonitrile, nitromethane and pyridine relative to chlroform, which
may be attributed to the interaction of these solvents (acetonitrile,nitromethane) through
their methyl groupswith the hydrophobic cavity of theligand. For pyridine, 7~ interactions
between the pyridyl groups and this solvent may occur.

The protonation constants of this ligand in methanol were derived from potentiometric
titration data in this solvent. The results are compared with those for structural isomers of
1c as well as with those previously reported for lower rim calix(4)arene derivatives
containing aliphatic and alicyclic amines as pendant arms. Protonation constant data
show that the affinity of the latter to interact with the proton is greater than that of the
former macrocycle in methanal.

Final conclusions are given.

Resumen

El efecto del solvente en los espectros *H RMN de 5, 11, 17, 23 tetra-tert-butilo-25, 26,
27, 28-tetra-[ 2-(4-piridil)metoxi] calix(4)areno, 1c, en un amplio rango de solventes con
distintas constantes diel éctricas fue investigado y |os resultados son discutidos. Se muestra
gue el *H RMN espectro de este macrociclo es sensible ala natural eza del solvente. En estos
solventes la conformacion del ligando corresponde a un cono distorsionado. Los
desplazamientos quimicos mas pronunciados de |os protones aromaticos con respecto a
cloroformo son observados en acetonitrilo, nitrometano y piridina. En los dos primeros
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solventes estos desplazamientos pueden ser atribuidos a una interaccion entre los grupos
metilos de estos solventes con la cavidad hidrofébica del ligando. En piridinalosresultados
sugieren la posibilidad de interacciones del tipo 7-Tt. Las constantes de protonacién de
este ligando en metanol fueron derivadas de datos obtenidos de titulaciones
potenciométricas en este solvente. Los resultados son comparados con aquellos
correspondiente al de un isdbmero estructural de 1¢ como también con aquellos reportados
enlaliteraturaparaderivadosde calix(4)arenos conteniendo aminasalifaticasy aliciclicas
en el bordeinferior del macrociclo. Los valores de las constantes de protonacion muestran
gue la afinidad de estos Ultimos para interaccionar con el protén es mucho mayor que
aquellos correspondiente a los piridino-calix(4)arenos in metanol. Conclusiones finales
son dadas.

Introduction

Calixarenes[1-5] areexcdlent platformsfor thedesign of receptorsfor bindingionsand
molecules. Depending of thenature of thefunctiona groupsat thelower and upper rim, caixarene
derivativesshow different and interesting complexing abilities.

Pyridinocalix(4)arenes(1a, 1b, 1c) havereceived consderableattention in recent years.
Threestructural isomersof pyridinocalix(4)arenesareknown.
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Theability of theseligandstointeract with hard and soft metd cationsislargely dependent
ontheposition of the nitrogen atoms of the pyridyl ringswith respect to the ethereal oxygens.
Thusin previous paperswe have reported the solution properties of 2-pyridinocalix(4)arene
(1a) anditsstructura isomer (1b) [7-9]. 1t wasshownthat whiletheformer interactswith akali-
metd cationstoform 1:1 (metd cation-ligand) complexes, thelatter isunableto enter complexation
withthesecations. Thiswasaéttributed to anincreasein thedistance between thepyridyl nitrogen
and the ethereal oxygeninmoving from lato 1b. X-ray crystallographic evidence of akali-
metal complexesof 1ahave been reported[8]. Asacontinuation of thisresearchthework goas
of thispaper are:

() Toassesstheeffect of the solvent on the proton chemical shiftsof 1c by carrying out *H
NM R measurementsin various solventsat 298 K given that the presence of ahydrophobic
cavity incalix(4)arenederivativesmay permit interaction with the solvent molecules. Itis
therefore of considerableinterest to investigate the extent in which the different donor-
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acceptor abilitiesof varioussolventsaswell as other properties such asdiel ectric constant,
dipole moments and other factors lead to shift changes in the *H NMR signals of 4
pyridinocalix(4)arenethat are proportional to the extent of theinteraction.

(i)  Interaction of 1c with the proton by *H NMR studies in CD,OD followed by the
determination of the protonation constantsin the same solvent at 298.15K.

Experimental Part
The compound 5,11,17,23 — tetra-tert-butyl-25,26,27,28-tetra-[ 2-(4-pyridyl)
methoxy] calix(4)arene, 1c, was synthesised and characterised as described el sewhere [ 10].

'H NMR measurements

Thistechniquewasused to investigatetheinteraction of avariety of solventswith 1cand
to study the conformational changes that this ligand undergoes in these media. *H NMR
measurementswere conducted at 300 MHz in thefollowing deuterated solvents, chloroform
(CDCl,), acetone (CD,COCD,), nitromethane (CD,NO,), benzene(C.D,), pyridine (C.D.N),
methanol (CD,0OD), nitromethane (CD,NO,) and dimethylsulfoxide(d,-DMSO) (al purchased
from Aldrich), at 298 K. Solutions of the sample of interest were preparedin 1 cm? in the
appropriatedeuterated solvent and placedinthe5 mm NMR tubeusing TM Sasinternd reference.
'H NMR datawere processed using the NUTS program [11]. Chemical shifts (6 ppm) and
differencein the chemical shifts (A8 =8 -3, ppm) with respect to CDCI, (asareference
solvent) wererecorded.

Deter mination of the protonation constantsof 1cin methanol at 298.15K.
These were determined by potentiometry asdiscussed elsewhere[12].

Results and Discussion
() Interaction of 1cwith the solvent: *H NMR studies.

Theinteraction that occurs between a sol vent mol ecule and the hydrophobi ¢ cavity of
cayx(4)arenederivativeswasdescribed as* Allosteric effect’ .[ 6] Itisthiskind of pre-organization
of thehydrophilic cavity that contributeto theability of theligand to recogni se selectively between
itsguests. Thissolvent-ligand interaction isbest reflected by thedifferencein the chemical shifts
of the hydrophobic cavity protons and those of the methylene bridging carbon in one solvent
relativeto another (reference solvent). Chemical shiftsdatafor 1cinthedifferent solvents
investigated aregivenin Table 1 at 298 K According to these data, the differenceinthechemical
shiftsbetween theaxia (H-5) and equatorial (H-6) protons of the methylene bridging carbon
(A8, =8, —8,, ppm), suggest that inall cases 1c exhibitsadistorted ‘ cone’ conformation
(A&ax_eq =1.21,117,1.18,1.24, 1.24, 1.12, 1.14 and 1.13 ppm in C,D,, CDCl,, C.D.N,

6 6’

CD,COCD,, CD,0D, CD,CN, CD,NO, and d6-DM SO, respectively).
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Table 1. Chemical shiftsin ppm for the proton signals of 1c in different solvents at 298 K

Solvent? Dielectricconstant| H-1| H-2 | H-3 | H-4 | H-5° | H-6° | t-But
C,Ds -2.27 852|698 | 695| 463 | 417 | 29 | 121
CD,ClI 4.81¢ 847 | 722 | 678 | 485 | 412 | 295 | 108
C,D.N 132 868 | 744 | 715 | 502 | 447 | 329 | 127
CD,COCD, 20.7 843 | 737 | 692 | 498 | 430 | 306 | 112
CD,0OD 326 834 | 742 | 691 | 494 | 430 | 306 | 111
CD,CN 36.7 843 | 720 | 718 | 481 | 414 | 302 | 118
CD,NO, 38.6 845| 730 | 719 | 493 | 428 | 311 | 116
d,-DMSO 46.7 726 | 629 | 581 | 379 | 316 | 203 | 145

a Abbreviations used; benzene C.D,; chloroform; CDCI, pyridine, C.D.N; acetone;
CD,COCD,; methanol CD,OD, acetonitrile; CD.CN, nitromethane, CD,NO,;
dimethylsueforide; d-DMSO
®H-5= H axial ®PH-6 = H equatorial ¢ determined at 293.15 K

Ontheother hand, aquick ingpection of thechemicd shiftsfor H-1 and 2, aswel| asthoseof
thehydrophilic cavity, indicatethat the natureof thesolvent (pratic or gorotic) [ 14, 15] isaffecting both
cavities

Taking chloroform asthereference solvent, chemicd shift changes(AS ppm) arecal culated
andtheseareshownin Table2.
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Table 2: Chemical shifts changes in ppm for the proton signals of 1c in different solvents
taking chloroform as the reference solvent at 298 K.

Solvent® H-1 H-2 H3 | H-4 H5 | H-6 | H_,
C6D6 005 | -024 | 017 | -022 005 | 001 | 013
C.D.N 021 | 022 | 037 | 017 030 | 034 | 019
CD,COCD, | -004 | 015 | 014 | 013 013 | 011 | 004
CD,OD 013 | 020 | 013 | 009 013 | 011 | 003
CD,CN 004 | -002 | 040 | 004 | -003 | 007 | 010
CD,NO, 002 | 008 | 041 | 008 011 | 006 | 008
d,DMSO 121 | -093 | 097 | -106 | -101 | -092 | 037

A pronounced deshielding effect isobserved for the H-3 proton (except in d6-DM SO),

which suggest that these sol ventsinteract with the hydrophobic cavity of 1c. Furthermore, thetert-
buty! group protonsshow adeshielding effectin C.D, CD,CN and d6-DM SO (A6 H-3=0.13,0.19,
0.10and 0.37 ppm), whilethiseffect |slaspronounced in the other solvents(AS H-3= 0.05 ppm).
Therefore, thisindicatesthat d6-DM SO might beforming an exo-complex with 1c (Ad H-3=-0.97
ppmwhileAd H- , =0.37 ppm).
On the other hand, more bulky solvents (C.D, and C,D_N) than d6-DM SO, have produced a
deshielding effect for both protonsH-3and H- , , suggesting thet theinteraction betweenthesolvent
and the hydrophobic cavity is of the—m type which can be the result of exo- or endo-complex
formationwith 1c.

The deshielding effect observed for the H-5 and 6 in the solventsinvestigated (except
d6-DMSO) relativeto CDCI, and the Aé‘)ax_eq (discussed above), indicate that the hydrophobic
cavity of 1cdoesnot undergo apronounced conformationa changein these solventswith respect
to CDCI, at 298 K. Thismight be dueto therigidity of the hydrophobic cavity caused by the
bulky pendant arms (pyridinegroup) inthehydrophilic cavity, being incapable of getting closer to
each other dueto the el ectrostatic effect.

Aninteresting observationisthat onincreasng thedid ectric constant of the solvent, thesignd of
theH-1 proton of the pyridinering (see Table 1) shiftsupfield to asmaller extent that the signal of
the H-2 proton.

The shielding effect observed for H-1 (except C,D, and C_D,N) suggest that not al
solventsinteract with the pyridyl groupsinthehydrophilic cavity. Ontheother hand, apronounced
deshielding effect (H-1,2 and 4) isrecorded in C.D_N suggesting ant-t interaction between the
pyridyl groupsand thissolvent. For C.D, slight deshielding effect isobserved for H-1and a
pronounced shielding effect for H-2 and H-4 indicating that no interactionistaking place between
thissolvent and the hydrophilic cavity of 1c.[16].

Thechemical shift changesof 1cin CD,0OD and CD,COCD, relativeto CDCI, show a
deshielding effect for the H-2 and the H- 4 signals. Thissuggestsan interaction between these
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solvents and the pendant arms at the lower rim of 1c. In acetonewhichisadipolar aprotric
solvent with amoderate diel ectric constant, broadening of the signalsfor H-1 and H-2 occurs.
TheH-1signd shiftsupfield but theH-2 signal shiftsdownfield compared to C.D, and CDCI...
Thismay indicate specificinteractionsat sSitesaway from thenitrogen of thepyridinering. Ind6-
DM SO whichisasolvent with moderate diel ectric constant and ahigh donor number [13,14],
shielding effectsare observed for al the protons of the hydrophilic cavity suggesting that no
interaction istaking placewith the pendant asamsof 1crelativeto CDCl, at 298 K.

Insummary theconclusionsareasfollows,

i) Inall solventstheligand showsadistorted ‘ cone’ conformation.

i) Thearomatic protons (H-3) show the most significant deshielding effectin CD,CN, CD,NQ,
and C.D.N relativeto CDCI., which may beattributed totheinteraction of these solvents (CD.CN,
CD,NO,) throughtheir methyl groupswith the hydrophobic cavity of theligand. Thisinteraction
has been observed for various calixarene derivatives and acetonitrile[18,19.]. InC_.D N an-nt
interaction between the pyridyl groupsand thissolvent islikely to occur..

(i)  Protonation constants of 1c in methanol at 298.15 K

Thepotentiometrictitration curveof 1cwithamethanolic solution of tetramethylammonium
hydroxideisshowninFig 1 asaplot of E/voltsagainst the base/ligand ([OH-]/[Ic]) ratio. Also
includedinthisfigureisitsfirst derivetive.

*
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Figure 1. Potentiometric titration of 1c with tetramethyl ammonium hydroxide in methanol
at 298.15 K

The experimental dataindicate that theinflection pointin (i) or themaximumin (ii)
correspondsto thefollowing stoichiometry.

1c (MeOH) + 4 H* (MeOH) — H,1c*" (MeOH) (1)

Potentiometric datawere andysed by theuseof theMINIQUAD program[20,21]. Thecdculated
protonation constants of 1c in methanol are shown in Table 3 and these are referred to the
processes described by egs 2-5.



Solvent Effect On The 'H NMR Spectra Of...

161

1c(MeOH) + H* (MeOH) _ Kp1 | [H1d* (MeOH)

[H,c]* (MeOH) + H* (MeOH) _ P2 ., [H,1c]** (MeOH)

+ + K +
[H,1c]? (MeOH) + H* (MeOH) _ “ps | [H,1c]* (MeOH)

[H,1c]* (MeOH) + H* (MeOH) _ “pa_, [H,1c]* (MeOH)

e
©)
(4)
©®)

Table 3.Protonation constants of 1c in methanol at 298.15 K (expressed as log Kp) and
overall protonation constants (expressed as log f) in the same solvent.

logK p, 591 Log B3,
logK ,, 5.35 Log B,
logK p, 5.03 Log B,
logK ., 4.70 Log B3,

591

11.26
16.29
20.99

Theoveral protonation constants, log 8 correspondsto thefollowing processes.

1c (MeOH) + H* (MeOH) _ A1 [H1c]* (MeOH)
1c (MeOH) + 2H* (MeOH) _ P2 [H,1¢]* (MeOH)
1c (MeOH) + 3H* (MeOH) _ P35 [H,1c]** (MeOH)

1c (MeOH) +4H* (MeOH) _ P4, [H,1c]* (MeOH)

(6)
()
8)
©)

Asthedifference between thefirst and fourth protonation constantsisonly 1.21 units, it
isreasonableto assumethat the pyridine groups behave independently from each other with
respect to protonation, otherwise protonation of one pyridineresiduewould markedly affect the

basicity of another and giveriseto significant pK differences[12].

If the protonation constants of 1c are compared with those of 1b (Table4), itisnoted
that the oxygen of the ether group playsakey roleintheacid-base propertiesof thesederivatives.
Thusthelatter derivativeislessbasic than theformer dueto the close proximity of the pyridine
nitrogen to the e ectron withdrawing ethereal oxygen. Whenthe protonation constantsof 1care
compared to the corresponding val uesof alkylamino calix(4)arenes(1d-1g) (Table4) dramatic

changesin basic propertiesare observed.
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Table 4: Protonation Constants of lower rim pyridinocalix(4)arenes (1b,1c), aliphatic (1d,
le) and alicyclic (1f, 1g,) amino calix(4)arene derivatives in methanol at 298.15 K

Derivative log KPl log KPz log KP3 log KP4
1b 5.15 452 411 3.59
1c 591 535 5.03 4,70
1d 9.40 8.44 8.24 7.67
le 9.48 8.96 8.69 8.10
1f 9.35 9.01 8.72 8.33
1g 7.49 6.93 6.93 5.98

Thuswhiledimethylaminocalix(4)arene, 1d, hasavaueof 7.67 for log K o that for 1cis
4.70. Theincreased basicity of theakylaminesrelativeto pyridino caixarenes(1c, 1b) parales
that observed for similar non-calixarene derivatives(eg aykylaminesvspyridines) and may be
attributed tointeraction of the pyridine nitrogen lone pair with the aromatic sextet [10]. Inthe
case of themorpholinecalix(4)arene, 1h, theinfluence of thering oxygen decreasesthe basic
propertiesasexpected. Speciesdistribution curvesasafunction of pH were obtained for 1c
usingaMINIQUAD computer program. AsthepH changesfrom 3.5to 7, the composition of
the solution changes from one contai ning protonated forms of theligand to one containing the
unprotonated form. AtapH = 4.7, themajor speciesin solutionis[H,1c]* whileat pH 5.2is
[H,1c]* andat pH 5.6itis[H c]".

Thecomplexation ability of 1cfor metal cationsin non-agueousmedia (acetonitrileand
methanol) investigated by *H NM R, conductimetry, potentiometry and cal orimetry isunder
investigetion.[22]

Conclusions
Fromthe aboveresultsitisconcluded that:

(i) thevariationinthechemical shiftsof 1c with the solvent will haveimplicationson the
thermodynamicsof complexation of thisligand with meta cationsparticularly if thesolvent
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(i)

ishosted in the hydrophobic cavity of theligand and asaresult it may exert analosteric
effect onthe hydropholic cavity whichmay lead to are-organisation of the hydrophilic
and thus unexpected recognition ability.

Thepostion of theethered oxygenreativetothepyridyl nitrogen affectsthe basicity of the
ligand. Asexpected calix(4)arene amino derivativescontaining aicyclic and aiphatic
amino groups ( 1d —1g) show amuch higher basicity than pyridino calix(4)arenes.
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