This article was downloaded by:

On: 29 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

e==~ | Supramolecular Chemistry

upramo lecular | Publication details, including instructions for authors and subscription information:
hemist ry http://www.informaworld.com/smpp/title~content=t713649759

ted by b b el Py

New Tetrafunctionalized Cone Calix[4]arenes as Neutral Hosts for Anion
Recognition

Alessandro Casnati* Laura Pirondini* Nicola Pelizzi*; Rocco Ungaro®

* Dipartimento di Chimica Organica e Industriale, dell' Universita, Parma, Italy

To cite this Article Casnati, Alessandro , Pirondini, Laura , Pelizzi, Nicola and Ungaro, Rocco(2000) 'New
Tetrafunctionalized Cone Calix[4]arenes as Neutral Hosts for Anion Recognition', Supramolecular Chemistry, 12: 1, 53 —
65

To link to this Article: DOI: 10.1080/10610270008029804
URL: http://dx.doi.org/10.1080/10610270008029804

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713649759
http://dx.doi.org/10.1080/10610270008029804
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15: 37 29 January 2011

Downl oaded At:

SUPRAMOLECULAR CHEMISTRY, Vol. 12, pp. 53-65
Reprints available directly from the publisher
Photocopying permitted by license only

© 2000 OPA (Overseas Publishers Association) N.V.
Published by license under

the Harwood Academic Publishers imprint,

part of the Gordon and Breach Publishing Group.
Printed in Malaysia

New Tetrafunctionalized Cone Calix[4]arenes as Neutral

Hosts for Anion Recognition

ALESSANDRO CASNATI, LAURA PIRONDINI, NICOLA PELIZZ] and ROCCO UNGARO'

Dipartimento di Chimica Organica e Industriale dell’Universita, Parco Area delle Scienze 17/A, 43100-Parma (Italy)

The synthesis and anion binding properties of several
new cone calix[4]arenes having different flexibility and
tetrafunctionalized at the upper rim with various type
of hydrogen bonding donor groups such as thioureas
(1~3), trifluoroacetamides (4, 5) and perfluorinated
alcohols (6) are reported. The results obtained show
that thiourea receptors are the most effective in the
complexation of all anions and that the rigid cone com-
pound 2 is more efficient than the mobile cone analog 1
in the binding of spherical anions, whereas the reverse
is true for the complexation of tetrahedral H,PO4
anjon.

Keywords: calix[4]arene, anion recognition, hydrogen bond,
thiourea, trifluoroacetamide, perfluorinated alcohol

INTRODUCTION

Anion recognition is becoming an important -

research topic in Supramolecular Chemistry.!
This is due to the important role played by ani-
ons in Biology and to the need of developing
devices for separation and sensing of anions of
enviromental concern such as nitrate, phosphate,
etc. Most of the organic synthetic receptors for
anions are charged species or contain a metal
center which is directly coordinated to the anion
or increases the binding ability of other func-
tional groups. Natural receptors (e.g. Sulfate? or
Phosphate® Binding Proteins) usually achieve

selectivity by exploiting the high directionality
of hydrogen bonding donor groups. In order to
mimic the natural receptors, chemists have used
mainly amides and (thio)ureas or a combination
of the two for the synthesis of electroneutral
anion receptors.! In several cases also calix-
arenes have been used as platforms for the
obtainment of anion receptors. Calix[4]arenes
functionalized at the lower rim with urea groups
are selective for halide anions,* whereas larger
calix[6]arenes having these groups in the 1,3,5
positions at the lower rim show a sharp selectiv-
ity for the complementary trianion of the
1,3,5-benzentricarboxylic acid> One or two
thioureas, which are better hydrogen bonding
donor groups than ureas, have been introduced
also at the upper rim of calix[4]arenes giving
receptors selective for the Y-shaped carboxylate
anions.® More recently, Reinhoudt ef al. have
synthesized resorc[4]arene cavitands bearing
four (thio)ureas at the upper rim and found that
they strongly complex halide anions in chloro-
form solution.” Activated amide groups have
been also introduced on calix[4]arenes in order
to obtain anion receptors.le'&9

Finally, very recently we have shown that also
perfluorinated alcohols at the upper rim of
calix[4]arenes can act as anion binding sites.10

* Proofs to: Professor Rocco Ungaro, Dipartimento di Chimica Organica e Industriale, Universita degli Studi di Parma, Parco
Area delle Scienze 17/ A, 43100 Parma, Italy. phone: +39 521 905412, fax: +39 521 905472, e-mail: ungaro@ipruniv.cce.unipr.it
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In this paper, we report the synthesis and
anion binding properties of several new
calix[4]arenes in the cone conformation,
tetrafunctionalized at the upper rim with vari-
ous type of hydrogen bonding donor groups
such as thioureas, trifluoroacetamides or per-
fluorinated alcohols. We have also investigated
the role of subtle conformational changes on
anion binding by analysing the behaviour of
mobile cone tetrapropoxycalix[4]arene derivatives
1, 4 and 6, and that of rigid cone bis-
crown-3-calix{4]arene derivatives 2 and 3.

SYNTHESIS OF THE LIGANDS

Our first target was the tetraphenylthioureame-
thyl compound (1) which required the synthesis
of the tetraminomethyl intermediate (11) in the
cone conformation. Recently, Nagasaki et al.!l
reported the synthesis of the 1,3-alternate isomer
of 11 by chloromethylation of the tetrapropoxy-
calix[4]arene in the 1,3-alternate structure, fol-
lowed by substitution with potassium
phthalimide and deprotection with hydrazine.

We used a different reaction sequence as
depicted in Scheme 1, starting from tetrapropox-
ycalix[4]arene (8) blocked in the cone conforma-
tion, which was first brominated with NBS
under conditions similar to those reported by
Larsen et al,'? but using DMF instead of
2-butanone (MEK), to give compound 9 in 90%
yield.

The reaction of 9 with CuCN at 200°C, gave
tetracyano derivative 10, which was easily
reduced to tetraminomethyl calix[4]arene (11)
with borane in dry THF. The reaction of 11 with
phenylisothiocyanate gave 1 in 80% yield and
with (CF3CO),0 in dry THF afforded the tetra-
mide derivative 4 in 70% yield. Following the
same reaction sequence, but starting from
calix[4]arene-biscrown-3 (12), it was possible to
obtain the tetrathiourea (2) and the tetramide (5)
in satisfactory vields.

The only difference consists in the fact that,
due to solubility problems of the tetramino-bis-
crown-3 (15) in THF, the synthesis of the trifluor-
oacetamido derivative 5 was performed in dry
DMF. The rigid cone tetrathiourea derivative (3)
was obtained through the reaction Scheme 2.

All thioureas 1-3 show very broad NMR spec-
tra in CDCl3, presumably due to self-association
phenomena as observed by Rebek'® and
Bohmer!* on similar systems. However, in
DMSO-dg all three compounds show sharp
peaks in the NMR spectra, which clearly indicate
that their structure is monomeric. NH, and NH,,
protons of both hosts 1 and 2 resonate at 8 = 9.5
and 9§ = 7.40, respectively, as expected from the
fact that the former hydrogen is more acidic than
the latter. The NH groups of compound 3, which
are all directly linked to an aromatic nucleus,
give two singlets at §=9.58 and & =9.25 (NH,
and NHjy, respectively). The presence of the trif-
luoroacetyl groups in compound 4 is clearly
indicated by the presence of a quartet
(Jep = 290 Hz) at 116 ppm due to CF; in the 1°C
NMR spectrum and by the appearance of a tri-
plet (}J;1.11 = 5.7 Hz) for the NH at § = 6.97 in the
'H NMR spectrum. Compound 5 is completely
insoluble in CDCl; probably due to extensive
self-association and to its reduced flexibility and
therefore all NMR spectra were recorded in
DMSO-d,,. The triplet (*Jyypy = 5.5 Hz) due to the
NH protons is at 8 9.65 for compound 5 in
DMSO-dg, which is at lower field with respect to
the NH of compound 4 in CDCl;. However this
is mainly a solvent effect, since it is known that
going from chloroform to dimethylsulfoxide the
urea NH protons are highly deshielded. Finally
we synthesized (Scheme 3) two new mobile cone
calix[4]arene tetrols 6 and 7, the former bearing
pefluorinated groups and the latter simple alkyl
chains.

We first synthesized compound 7, in almost
quantitative yields, by the reaction of the tetraes-
ter 19 with n-Buli in dry THF. However, a simi-
lar procedure using organometallic compounds
prepared in situ from CF;CF,CF,I and Mg, Li or
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1 CuCN

(11) (10) n = 62%
n=91%
Ph-NCS (CF4C0),0
CH,Cl,.1.t THF, Et,N

SCHEME 1
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13: X =Br

14: X =CN

18: X = CH,NH, (2)

(17) n = 80%

3) n=75%

SCHEME 2

t-Buli in diethyl ether,1° gave no reaction. This
behaviour can be explained considering the
lower reactivity of these perfluorinated organo-
metallic compounds in addition reactions to car-
bonyl groups compared with alkyl and aryl
organolithium derivatives.!® On the other hand,
the reactivity of pentafluorophenyl lithium is
much closer to that of simple organolithium
compounds, since it easily reacts with acyl chlo-

rides,!” esters,18 aldehydes19 and ketones.2’ We
first reacted C¢FsLi?! with tetraester 19 but with-
out success. Only from the reaction with the tet-
rachloride 20 in dry Et,O at -78°C, we could
isolate compound 6, although in low yields
(15%). The obtainment of compound 6 was con-
firmed by mass spectrometry (M" = 2040) and by
the presence of three doublets (IJC,F =240 Hz)
for the C¢Fs carbons in the 1*C NMR spectrum.
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HCl;, MeOH dry

n-Buli, THF dry

. 19:X=0Me " . T7:R=nCHq
18 n =80% n=97%
SOCl,, CH,Cl C4Fl, Li, Et,O d
T 20:X=Cl o PP 6 R= CeFs
n=15%
SCHEME 3

TABLE I Association constants (Kass, M~1) of hosts 1-4 and 6-7 towards anions of tetrabutylammonium salts at T = 300K

Ligand Solvent cr Br r CH;CO0 PRCOO" H,PO,
1 DMSO-dg 90 a n.t. 270 70 300
2 DMSO-d; 120 30 nt. 270 100 150
3 DMSO-dg 35 a a b b b
4 CDCl, 170 110 nt. 190 580 nt.
6 CDCl; 130 480 20 ) nt. nt.
7 CDCl, a @ nt. 2 nt. nt.

a. No significant shifts observed.

b. Only broadening of the NH signals are observed; n.t. = not tested.

COMPLEXATION STUDIES

The complexation properties of ligands 1-7
towards spherical (CI, Br" and I'), Y-shaped
(CH3COO", PhCOO’) or tetrahedral anions (as
tetra-n-butylammonium salts) were evaluated
using "H NMR titrations in DMSO-dg or CDCl,.
To a solution of host (5x102M), increasing
amounts of guest (4.4x1072M) were added in
order to have a host/ guest ratio between 0.5 and
9. Usually the most sensitive signals to complex-
ation are the NH protons for urea- and trifluoro-
acetamide-based receptors 1-5 or the OH
protons for host 6, which experience downfield

shifts upon complexation with the anion. How-
ever, we also used other probes such as the ArH
or the ArCH,NH protons. Non-linear regres-
sions of the observed chemical shifts, at different
host and guest concentrations?? allowed to
determine the association constants (Kass)
reported in Table I

Due to serious self-association phenom-
ena,>!* the urea receptors 1-3 were studied
only in DMSO-dg (vide supra). The trifluoraceta-
mido derivatives 4 and 5 or the alcohols 6 and 7
do not show any significant shifts in DMSO-dg
upon addition of tetrabutylammonium halides
or acetate, indicating that these receptors are not
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able to complex anions in such a competing sol-
vent. These data clearly show that thioureas are
much stronger binding groups for anions than
activated amides or alcohols. The comparison
between hosts 1 and 2 allows to evaluate the
effect of rigidity of the calixarene platform on
anion binding. Both compounds are in the cone
conformation but, as demonstrated by previous
studies, tetrapropoxy derivatives experience a
residual conformational mobility between two
C,, conformers in a flattened cone structure,
while the biscrowns-3 are conformationally
rigid. 2?* Non-linear regression analyses of the
data obtained with these derivatives show
always a good fit with the 1:1 model for all ani-
ons except carboxylates. For the latter, the Job
plots show some deviations from the ideal
bell-shaped curve expecially in the region with
molar fraction of guest (X) higher than 0.5, indi-
cating the possible existence of a 1:2 (H/G) com-
plex. However a preliminary calculation of the
1:1 and 1:2 Kass shows that the latter is at least
one order of magnitude lower than the former,
and is therefore not taken into account in the
present work. The comparison between binding
properties of the mobile cone tetraurea receptor 1
with those of the rigid cone analog 2 shows that
rigidification of the calix has a modest positive
effect in the binding of spherical anions such as
Cl" and Br™ and a slightly negative effect on the
binding of the tetrahedral anion, H,PO, . Even
more surprising are the (negative) results
obtained with the tetrathiourea rigid cone deriva-
tive 3 which is able to complex only CI" among
the monovalent anions tested, in spite of the bet-
ter hydrogen-bond donating ability of the urea
units directly connected to the calixarene aro-
matic rings, which has been verified in similar
systems.®? The overall picture which emerges
from all these data is that, differently from what
observed in the apolar complexation of neutral
molecules in organic media,** a rigid host is not
a better anion binder than a mobile one. This is
probably due to the high directionality of the

hydrogen bonds which are involved in the com-
plexation of anions by these neutral hosts. In the
case of host 3 there could be the additional effect
of the extended conjugation involving the phe-
nyl-thioureido-calixarene ~ moieties ~ which
increases the acidity of NHs but also tends to
keep the system planar. As a consequence, not
all NH groups could be convergent and availa-
ble to bind the anion inside the cavity. However,
host 3 is able to bind the more complementary
tetranion of piromellitic (1,2,4,5-benzentetracar-
boxylic) acid, showing a Kass =160 M1 in
DMSO-d,.

The binding properties of hosts 4, 6 and 7 were
studied in CDCl3, where they are not extensively
associated since their 'H NMR spectra are sharp
and do not show any changes upon dilution
from 1072 to 107* M. The trifluoroacetamidoca-
lix[4]arenebiscrown-3 (5) is not soluble at all in
CDCly and its binding properties could not be
studied. The tetrapropoxy derivative 4 shows
Kass higher than 100 M™! for all the anions
tested, with a selectivity for the Y-shaped anions
and in particular for benzoate. On the contrary,
the perfluorinated alcohol 6 is selective for hal-
ide anions and the binding constants for CI', Br’
and I" show an unusual peak selectivity for the
bromide anion. This behaviour can be explained
considering a better size complementarity
between Br and the calix[4]arene cavity which
allows the cooperative action of all four OH
binding groups. Probably only two OH groups
are in close contact with the smaller chloride
anion. No complexation is shown by the alcohol
derivative 7 which clearly demonstrates that the
presence of perfluorinated aromatic nuclei
strongly activate the hydrogen-bonding abilities
of the alcoholic function. At present it is not
completely clear if compound 6 is complexing
anions just through hydrogen bonding with the
OH groups or if also the electron poor aromatic
rings act as additional binding sites through
anion -7 interaction.”
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CONCLUSIONS

Six new anion receptors derived from
calix[4]arenes tetrafunctionalized at the upper
rim with hydrogen bonding groups have been
synthesized. The association constants deter-
mined with several anions allow to compare the
effect of the type of binding group used and of
the different conformational mobility of the cal-
ixarene structure. Thiourea groups show the
highest efficiency in the complexation of anions,
compared with trifluoroacetamides or perfluori-
nated alcohols. The enhanced rigidity of the cal-
ixarene platform in ligands 2 and 3 with respect
to 1 causes a decrease in the binding affinity
towards tetrahedral H,PO, anion. The very
rigid receptor 3 binds spherical anions only
slightly but interacts more strongly with the
tetranion of piromellitic acid. A good selectivity
in the recognition of benzoate anion is observed
for the activated amide derivative 4, whereas the
perfluorinated alcohol derivative 6 binds more
strongly bromide anion.

EXPERIMENTAL SECTION

Melting points were determined with an Electro-
thermal melting point apparatus in a capillary
sealed under nitrogen. 'H NMR and *C NMR
spectra were recorded with a Bruker AMX400
("H: 400 MHz), AC300 ('H: 300 MHz, PC: 75
MHz) spectrometers of the Centro Interdiparti-
mentale di Misure (C.1M.) of the University of
Parma using MeySi as internal standard. Mass
spectra were obtained with a Finnigan MAT
SSQ710 spectrometer (DCI, methane as ionizing
gas). Analytical TLC were performed on pre-
coated silica gel plates (SiO,, Merck, 60 Fysy),
while silica gel 60 (SiO,, Merck, particle size
0.040-0.063 mm, 230-240 mesh) was used for
preparative column chromatography. Tetrapro-
poxycalix[4]arene (8),%°  biscrown-3-calix[4]
arene (12),%* tetranitro-biscrown-3-calix[4]arene
(16),% tetramino-biscrown-3-calix[4]arene (17)%

and tetrapropoxycalix[4]arene-tetracid (18)%8

were prepared as described in the literature.

In NMR spectra, the “Ar” notation indicates
the aromatic nuclei of the calixarene backbone,
considering the phenol oxygen as main substitu-
ent, whom the ipso, ortho, meta and para posi-
tion refer to. For compounds 1, 2, 3 and 6 the
“Ph” notation refers to the aromatic nuclei on
urea or perfluorinated alcohol functions.

Association constants (Kass) were determined
by 'H NMR titration experiments in CDCl; or
DMSO-dg; stock solutions of host (5x107°M) and
tetrabutylammonium salt (4.4x1072M) were pre-
pared and mixed together in the NMR tube in
various molar ratios (H/G =0.5,0.7,1, 1.6, 2.5, 4,
6, 9). For each addition, the 1H NMR spectrum
was recorded at 300 K and the chemical shift of
some protons was plotted versus guest concen-
tration. Non-linear regression analyses allowed
the determination of Kass (accuracy +10%).

General procedure for the synthesis
of tetrabromo calixarenes 9 and 13

To a stirring solution of 1.7 mmol of compound 8
or 12 in 30 mL of DMF, NBS (8.4 mmol for 8 and
14 mmol for 12) was added. After 24 h at room
temperature, the reaction mixture was quenched
by addition of 50 mL of a 1M HCl solution. The
resulting solid was filtered on a Buchner funnel
and recrystallized from methanol.

5,11,17,23-Tetrabromo-25,26,27,28-tetra-n-
propoxycalix[4]arene (9)

Yield: 90%. M.p.: 278-280°C. TH NMR (300MHz;
300K; CDCl3): 6 6.78 (s, 8H, ArH); 4.33 (d, 4H,
ArCHHaxAr, J=13.5 Hz); 3.78 (t, 8H, OCH,,
J=75 Hz); 307 (d, 4H, ArCHHegAr, J =135
Hz); 1.85 (m, 8H, OCH,CH,CHj, ] = 7.5 Hz); 0.94
(t, 12H, CHs, J=7.5 Hz). 3C NMR (25MHz;
300K; CDClg): & 155.6 (s, Ar ipso); 136.6 (s, Ar
ortho); 131.3 (d, Ar meta); 115.4 (s, Ar para); 77.3
(t, OCH,); 310 (t, ArCHAr), 233 (t,
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OCH,CH,CH,); 10.4 (q, CH3). MS (CI) m/e: 912
(M+8)* 20%; 910 (M+6)* 70%; 908 (M+4)* 100%;
906 (M+2)* 70%; 904 (M)* 20%.

5,11,17,23-Tetrabromo- 25,26-27,28-biscrown-3-
calix[4]arene (13)

Yield: 95%. M.p.: >320°C. 'H NMR (300MHz;
300K; CDClLy): 8 7.15 (d, 4H, ArH, J=2.4 Hz);
7.13 (d, 4H, ArH, ] = 2.4 Hz); 4.96 (d, 2H, ArCH-
HaxAr, T=12.1 Hz); 4.37 (d, 2H, ArCHHaxAr,
J=12Hz); 433 (d, 4H, OCHH, ] = 11.6 Hz); 4.21,
4.08 (m, 8H, OCH,); 3.82 (dd, 4H, OCHH, ] = 11.6
Hz); 3.33 (d, 2H, ArCHHeqAr; ] =12.2 Hz); 3.28
(d, 2H, ArCHHeqgAr, J=12.1 Hz). °C NMR
(75MHz; 300K; CDCly): 8 154.7 (s, Ar ipso); 137.2,
137.0 (d, Ar ortho); 132.3, 131.3 (s, Ar meta);
116.6 (s, Ar para); 75.9, 74.7 (t, OCH,); 30.5, 29.7
(t, ArCH,Ar). MS (CI) m/e: 884 (M+8)" 20%; 882
(M+6)" 70%; 880 (M+4)* 100%; 878 (M+2)* 70%;
876 (M)* 20%.

General Procedure for the synthesis
of tetracyano calixarenes 10 and 14

To a stirring solution of tetrabromo calixarenes 9
and 13 (1 mmol) in 30 mL of N-methyl pyrrolidi-
none (NMP), CuCN (0.62 g, 7 mmol) was added,
and the reaction mixture heated under nitrogen
at 200°C for 24 h. After cooling the solution to
50°C, a solution of FeCl; (1.80 g, 11.2 mmol) in 30
mL of 1IN HCl (CAUTION!, HCN may develop)
was added and the mixture stirred for an addi-
tional 0.5 h. The resulting solid was filtered on a
Buchner funnel and compounds 10 or 14 puri-
fied by column chromatography.

5,11,17,23-Tetracyano 25,26,27,28-tetra-n-
propoxycalix|4]arene (10)

The product was purified from the crude by col-
umn chromatography (SiO,: CH,Cl,/ AcOEt
= 3:1 as eluent) and subsequently triturated with
hexane. Yield: 62%. M.p.: > 330°C. "H NMR (300

MHz; 300K; CDCl,): 8 6.99 (s, 8H, ArH); 4.44 (4,
4H, ArCHHaxAr, | = 11.5 Hz); 3.90 (t, 8H, OCH,,
J=6.2 Hz); 3.25 (d, 4H, ArCHHeqAr, J=11.5
Hz); 1.88 (sext, 8H, OCH,CH,CHs, ] = 6.2 Hz);
0.99 (t, 12H, CH,CH;, J=6.2 Hz). 13C NMR
(75MHz; 300K; CDCly); 6 154.8 (s, Ar ipso); 135.8
(s, Ar ortho); 132.7 (d, Ar meta); 116.2 (s, C=N);
107.3 (s, Ar para); 77.6 (t, OCH,CH,); 30.6 (t,
ArCH,Ar); 23.4 (t, OCH,CH,); 10.3 (g, CHs). IR
(KBr): 2225 cm™ (v, C=N). MS (CI) m/e: 693 (M —
1" 100%.

5,11,17,23-Tetracyano-25,26-27,28-biscrown-3
calix[4]arene (14)

The product was obtained pure after column
chromatography (SiO,: CH,Cl,/ AcOEt = 4:1 as
eluent).

Yield: 32%. M.p.: >330°C. 'TH NMR (300MHz;
300K; CDCl;): & 7.82 (d, 4H, ArH, J=18 Hz);
7.77 (d, 4H, ArH, ] = 1.8 Hz); 5.02 (d, 2H, ArCH-
HaxAr, 1=12.1 Hz); 4.38 (d, 2H, ArCHHaxAr,
J=12.2 Hz); 4.33 (t, 4H, OCH,, ] =9.2 Hz); 4.21-
4.08 (m, 8H, OCH,); 3.82 (t, 4H, OCH,, ] =9.8
Hz); 3.33 (d, 2H, ArCHHeqAr, ] =12.2 Hz); 3.28
(d, 2H, ArCHHeqAr, J=121 Hz). 13C NMR
(75MHz; 300K; CDCl3): 8 158.3 (s, Ar ipso); 136.0,
135.8 (2s, Ar ortho); 134.4, 133.2 (d, Ar meta);
119.0 (s, CN); 108.0 (s, Ar para); 76.8, 74.7 (t,
OCH,); 29.3, 286 (t, ArCH,Ar). IR (KBr): 2220
cem™ (v CN). MS (CI) m/e: 665 (M+1)* 100%.

General procedure for the synthesis
of tetramino calixarenes 11 and 15

To a stirring solution of tetracyano calixarene 10
or 14 (0.70 mmol) in 60 mL of dry THF at 0°C,
19.6 mL (19.6 mmol) of a BH; solution (1M in dry
THF). The reaction mixture was refluxed under
nitrogen for 24 h. Then 5 mL of MeOH and 15
mL of 1N HCl were added (CAUTION!) and the
mixture heated at 50°C for 0.5 h. THF was
removed under reduced pressure and the
tetramino derivatives isolated as follows.
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5,11,17,23-Tetraminomethyl-25,26,27,28-tetra-
n-propoxycalix[4]arene, tetrachlorohydrate
(11'4HCI)

After removal of THF a white solid precipitated
from water solution, which was filtered and
washed with 5 mL of CH,Cl, on a Buchner funnel.

Yield: 91%. M.p.: 290°C (dec). 'H NMR
(300MHz; 300K; CD;OD): & 6.87 (s, 8H, ArH);
449 (d, 4H, ArCHHaxAr, ] =13.2 Hz); 3.88 (t,
8H, OCH,, ] = 5.3 Hz); 3.82 (s, 8H, NH,); 3.30 (bs,
8H, ArCH,NH,); 326 (d, 4H, ArCHHAT,
] =132 Hz); 1.94 (m, 8H, OCH,CH,CHj3, ] = 7.4
Hz); 1.02 (t, 12H, CHj, J=7.4 Hz). 3C NMR
(75MHz; 300K; CD5OD): 8 158.4 (s, Ar ipso);
136.7 (s, Ar ortho); 130.5 (d, Ar meta); 128.3 (s, Ar
para); 78.1 (t, OCH,); 44.0 (t, CH,NH,); 31.7 (t,
ArCHyAr); 24.4 (t, CH,CH3); 10.7 (g, CHs). IR
(KBr): 3421 em™! (bs, v N-H). MS (CI) m/e: 707
(M-4"HCI-1)*100%; 708 (M-4 HCl)* 75%.

Compound 11, in its basic form, can be
obtained by extraction in CH,Cly, from 1IN
NaOH aqueous solution.

5,11,17,23-Tetraminomethyl-25,26—
27,28-biscrown-3-calix[4]arene (15)

The aqueous solution obtained after removal of
THF, was added of 10 mL of 1N HCl and washed
with CH,Cl, (3x15 mL). To the aqueous layer
were slowly added pellets of NaOH till basic pH
and the white product filtered on a Buchner.

Yield: 95%. M.p.: >330°C. 'H NMR (300MHz;
300K; CDCls): 8 6.93 (s, 8H, ArH); 4.92 (d, 2H,
ArCHHaxAzr, ] =12.8 Hz); 440 (d, 2H, ArCH-
HaxAr, J=12.7 Hz); 4.23-4.14 (m, 8H, OCH,);
3.80, 3.73 (m, 8H, OCH,); 3.56 (s, 8H, CH,N);
3.21 (d, 2H, ArCHHeqAr, J=12.7 Hz); 3.15 (d,
2H, ArCHHegAr, J=12.8 Hz); 2.85 (bs, 8H,
NH,). 13C NMR (75MHz; 300K; CDCls): § 155.4
(s, Ar ipso); 136.7 (s, Ar para); 135.4 (s, Ar ortho);
129.7, 128.8 (d, Ar meta); 77.4, 75.7 (t, OCH,);
55.4 (t, CH,N); 30.5 (t, ArCH,Ar). IR (KBr): 3425
em™! (v -NH,, b.s.). MS (CI) m/e: 680 (M*) 100%.

General procedure for the preparation
of thioureas 1,2 and 3

To a stirring solution of tetramino derivatives 11,
15 or 17 (0.4 mmol) dissolved in 30 mL of dry
CH,Cl,, 0.19 mL (1.64 mmol) of phenylisothiocy-
anate was added under nitrogen. After 6 h, the
solvent was removed under reduced pressure
and pure compounds 1-3 obtained as follows.

5,11,17,23-Tetrakis[(N'-phenylthioureido)meth
yl1}-25,26,27,28-tetrapropoxycalix[4]arene (1)

Pure compound 1 was obtained by column chro-
matography (Reverse phase RP18: MeOH/ Ace-
tone = 9:1 as eluent).

Yield: 80%. M.p. 150-151°C. 'H NMR
(300MHz; 300K; DMSO-dg): & 9.60 (s, 4H,
PhNH); 7.9 (s, 4H, ArCH,NH); 7.47 (d, 8H, o-Ph,
J=8.0 Hz); 7.27 (t, 8H, m-Ph, ] = 7.6 Hz); 7.05 (t,
4H, p-Ph, ] = 8.0 Hz); 6.78 (s, 8H, ArH); 4.40 (s,
8H, ArCH,NH); 4.37 (d, 4H, ArCHHaxAr, ] =13
Hz); 3.80 (t, 8H, OCH,, ] =7.4 Hz); 3.18 (d, 4H,
ArCHHqur, J=13 Hz), 18 (m, 8H,
OCH,CH,CHj, J=7.2 Hz); 098 (t, 12H, CH,,
J = 7.1 Hz). 1*C NMR (75MHz; 300K; DMSO-d¢): §
180.2 (s, C=5); 155.3 (s, Ar ipso); 139.3 (s, PhCNH);
134.3 (s, Ar ortho); 131.8 (d, m-Ph); 128.5 (d, Ar
meta); 127.7 (d, p-Ph); 124.0 (s, Ar para); 122.9 (d,
o-Ph); 76.4 (t, OCH,); 47.3 (t, CH,NH); 303 (t,
ArCH,Ar); 22.7 (t, CH,CHy); 10.1 (g, CH,). IR
(KBr): 3390 em™! (v N-H). MS (CI) m/e: 733 [M —
4Ph-NH — 2C(S)-NH-CH2]* 100%.

5,11,17,23-Tetrakis[(N’-phenylthioureido)
methyl]-25,26-27,28-biscrown-3-calix[4]arene (2)

Pure compound 2 was obtained by column chro-
matography (SiO,: CH,Cl,/ AcOEt = 3:1 as eluent).

Yield: 40%. Mp. 190-191°C. 'H NMR
(300MHz; 300K; DMSO-dg): & 9.42 (s, 4H,
PhNH); 7.90 (s, 4H, ArCH,NH); 7.46 (d, 8H,

0-Ph, ] =9.8 Hz); 7.28 (t, 8H, m-Ph, ] =7.5 Hz);

7.15 (s, 8H, ArH); 7.06 (t, 4H, p-Ph, ] =7.2 Hz);
494 (d, 2H, ArCHHaxAr, | =12.7 Hz); 4.44, 4.17
(m, 14H, ArCHHaxAr, OCH,); 3.66 (m, 6H,
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OCH,;, ArCHHegAr); 3.30 (s, 8H, ArCH,NH);
3.20 (d, 2H, ArCHHeqAr, ] = 12.7 Hz). 3C NMR
(75MHz; 300K; DMSO-dg): 6 180.3 (s, C=S); 154.3
(s, Ar ipso); 139.2 (s, PhACNH); 135.2, 133.3 (s, Ar
ortho); 128.6 (d, m-Ph); 128.3 (d, Ar meta); 127.8
(d, p-Ph); 1239 (s, Ar para); 122.9 (d, o-Ph); 76.4,
742 (t, OCH,);, 47.2 (t, ArCH,N); 313 (t
ArCH,Ar). IR (KBr): 3350 cm™ (v NH); 1610
em™! (v C=8). MS (CI) m/e: 706 (M- 4Ph-NH - 2
C(S)-NH-CH,)* 100%.

5,11,17,23-Tetrakis(N’-phenylthioureido)-25,26
~27,28-biscrown-3-calix[4]arene (3)

The product was crystallized from isopropyl
ether.

Yield: 75%. M.p.. 280°C (dec). 'H NMR
(300MHz; 300K; DMSO-dg): & 9.58 (s, 4H,
PhNH); 9.24 (s, 4H, ArNH); 7.44 (d, 8H, o-Ph,
J = 7.5 Hz); 7.26 (t, 8H, m-Ph, ] = 7.5 Hz); 7.16 (m,
8H, ArH); 7.06 (t, 4H, p:Ph, J=7.1Hz); 495 (d,
2H, ArCHHaxAr, | =11.3); 4.42 (d, 2H, ArCH-
HaxAr, ] =12.1 Hz); 4.26-4.22 (bs, 12H, OCH,);
3.68 (bs, 4H, OCH,); 3.60 (d. 2H, ArCHHeqAr,
J=12.1 Hz); 3.18 (d, 2H, ArCHHeqAr, J=11.3
Hz). 3C NMR (75MHz; 300K; DMSO-dg): 8 179.5
(s, C=S); 153.1 (s, Ar ipso); 140.0 (s, PhNH); 135.4,
134.7 (s, Ar ortho); 128.7 (d, Ar meta); 1254,
124.0, 123.7 (3d, 1s, p-Ph, m-Ph, o-Ph, Ar para);
76.9, 74.6 (t, OCH,); 31.1 (t, ArCHAr). IR (KBr):
3358 em™! (v N-H); 1530 cm™ (v C=S). MS (CT)
m/e: 749 [M — 4Ph-NH - C(S)]" 90%; 707 [M-
4Ph-NH — 2C(S)" 100%; 666 {M — 4Ph-NH -
3C(S) + 11" 507

General procedure for the synthesis
of trifluoroacetyl derivatives 4 and 5

To a solution of 0.15 mmol of compound 11 in
30 mL of dry THF or of compound 15 in 30 mL of
dry DMF was added triethylamine (0.90 mmol)
under nitrogen. After cooling to 0°C, was added
trifluoroacetic anhydride (0.90 mmol) and the
reaction mixture stirred at room temperature for
6 h. Then the solvent was removed under
reduced pressure and CH-Cl- (30 mL) added to

the residue. This organic layer was washed with
water (30 mL), 10% aqueous NaOH (30 mL) and
again water (30 mL). After drying over MgSQ,,
CH,Cl, was distilled off and pure product
obtained as follows.

5,11,17,23-Tetrakis[(trifluoroacetamido)methy!]
-25,26,27,28-tetra-n-propoxycalixidjarene (4)

Pure compound 4 was obtained by recrystalliza-
tion from hexane of the crude reaction mixture.

Yield: 70%. M.p.. 226-228°C. I NMR
(300 MHz; 300K; CDCl3): 8 7.18 (bs, 4H, NH);
6.55 (s, 8H, ArH); 441 (d, 4H, ArCHH_,Ar,
J=13.2 Hz); 4.19 {d, 8H, ArCH,NH, J=5.7 Hz);
3.82 (t, 8H, OCH,CH,CH,, J=7.5 Hz); 3.11 (d,
4H, ArCHHL,qAr, J=13.2 Hz); 1.99-1.87 (m, 8H,
OCH2CH2CH3),' 1.00 (t, 12H, OCH2CH2CH3,
] = 7.4 Hz). 13C NMR (75 MHz; 300K; CDCl;): &
179.0 (q, COCF3, ]C-C-F =34 HZ); 155.9 (S, Ar
ipso); 135.0 (s, Ar ortho); 129.8 (s, Ar para); 127.5
(d, Ar meta); 116.0 (q, COCF3, Jc.p= 290 Hz); 76.9
(t, OCH,CH,CHs); 49.7 (t, ArCH,NH); 30.6 (t,
ArCHAr); 231 (t, OCH,CH,CH;); 10.1 (q,
OCH,CH,CH3). MS (Cl) m/e: 1092 (M)" 65%;
980 (M-CF;CONH)" 100%. IR (liquid film): 3283
em™! (v N-H); 1700 cm ™\ (v C=0).

5,11,17,23-Tetrakis[(trifluoroacetamido)methy]-
25,26,27,28-biscrown-3-calix[4]arene (5)

The crude reaction mixture was submitted to
flash chromatography (5iO,: CH,Cl)-AcOEt =
12:1 as eluent).

Yield: 30%. M.p.: 268-270°C. '"H NMR (300
MHz; 300K; CD3OD): 87.02 (s, 8H, ArH); 5.04 (d,
2H, ArCHH,,Ar, | = 11.9 Hz); 4.51 (d, 2H, ArCH-
H,Ar, ] =121 Hz); 4.31-4.21 (m, 20H, CH,N
and OCH,); 3.75 (t, 4H, OCH,, ] = 9.0 Hz); 3.26
(d, 2H, ArCHHAr, ] =121 Hz); 3.18 (d, 2H,
ArCHH, Ar, =119 Hz)., '"H NMR (300 MHz;
300K; DMSO-dg): 8 9.65 (t, 4H, NH, ] =5.5 Hz);
7.03 (s, 8H, ArH); 492 (d, 2H, ArCHH_Ar,
J=11.8 Hz); 441 (d, 2H, ArCHH, Ar, ] =11.9
Hz); 4.26-4.16 (m, 12H, OCH,); 413 (d, 8H,
CH;N, J = 5.5 Hz); 3.65 (t, 4H, OCH,, ] = 8.6 Hz);

3.26 (d, 2H, ArCHH,,Ar, ] =11.9 Hz); 3.19(d, 2H,
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ArCHH, Ar, J=11.8 Hz). °C NMR (75MHz;
300K, CD3OD) 6 158.8 (q, COCF3, ]C-C-F =37
Hz); 156.1 (s, Ar ipso); 137.2, 137.1 (s, Ar ortho);
133.2 (s Ar para), 129.6, 128.7 (d, Ar meta); 117.5
(q, COCF3, Jc.p = 286 Hz); 77.6, 75.86 (t, OCH,);
43.9 (t, ArCH,NH), 31.4, 30.5 (t, ArCHAr). MS
(CI) m/e: 1065 (M+1)" 25%; 1064 (M)* 20%; 953
(M-CF3;CONH)* 100%.

Synthesis of 5,11,17,23-tetrakis
(metoxycarbonyl)-25,26,27,28-tetra-n-
propoxycalix[4]arene (19)

After 1 h bubbling of HCl,) in a round-bot-
tomed flask containing 30ml of MeOH at 0°C, a
sample of 0.47g (0.6 mmol) of tetracar-
boxy-tetrapropoxycalix[4]arene (18) dissolved in
10 mL of dry CH,Cl, was added and the reaction
mixture heated at 80°C for 12h. Then the solvent
was removed under reduced pressure, the resi-
due was quenched with IN HCl (50mL) and the
precipitate filtered on a Buchner funnel. This
white solid was recrystallized from MeOH.

Yield: 80%. M.p.. 286-287°C. 'H NMR
(300MHz; 300K; CDCl3): 6 7.31 (s, 8H, ArH); 4.43
(d, 4H, ArCHH, Ar, J =13.6 Hz); 3.87 (t, 8H,
OCH,CH,CH,;, J=71 Hz); 379 (s, 12H,
C(O)OCH;); 3.24 (d, 4H, ArCHH,Ar, J =136
Hz); 1.91-1.77 (m, 8H, OCH,CH,CHj;); 0.98 (t,
OCH,CH,CH;, J=7.1 Hz). 13C NMR (75MHz;
300K; CDCly): 8 166.6 (s, ArC(O)OCHj3); 160.5 (s,
Ar ipso); 134.6 (s, Ar ortho); 130.1 (d, Ar meta);
124.3 (s, Ar para); 76.3 (t, OCH,CH,CH3); 51.7 (g,
ArC(O)OCH;); 31.0 (t, ArCH,Ar);, 232 (¢,
OCH,CH,CHS,); 10.2 (q, OCH,CH,CHs). MS (CI)
m/e: 824 (M)*" 60%; 793 (M-2CHa,)" 100%.

Synthesis of 5,11,17,23-tetrakis[1,1-
(bispentafluorophenyl)methanol]-25,26,27,28-
tetra-n-propoxycalix[4]arene (6)

A sample of 0.10g (0.13 mmol) of tetraacid (18)
dissolved in 5mL of dry CH,Cl, and 5 mL
(68.7 mmol) of thionyl chloride, was heated to
40°C under nitrogen for 2 h. The vsolvent was

removed under reduced pressure and the resi-
due carefully dried at the vacuum pump. Then
20mL of dry ether were added and the reaction
mixture cooled to - 78°C under Argon. Iodopen-
tafluorobenzene (0.26 mL, 2mmol) and Li metal-
lic (0.014 g, 2 mmol) were added and the reaction
stirred at —78°C for 3h. After this period the cool-
ing bath was removed, the reaction stirred for an
additional 12 h period and then quenched with
IN HCL This water layer was extracted with
CH,Cly(50ml), the organic phase separated and
washed with water (2x50mL). The product was
purified by column chromatography (SiO,: hex-
ane-ethyl acetate = 9:1 as eluent).

Yield: 15%. M.p.. 168-170°C. 'H NMR
(300MHz; 300K; CDCly): 6 6.64 (s, 8H, ArH); 4.52
(d, 4H, ArCHH,,Ar, J=13.0 Hz); 3.95 (t, 8H,
OCH,CH,CHs, ] =7.6 Hz); 3.90 (bs, 4H, OH);
3.15 (d, 4H, ArCHHqur, J=13.0 Hz); 1.99-1.92
(m, 8H, OCH,CH,CHj); 1.02 (t 12H,
OCH,CH,CHj;, ] =7.5 Hz). 1>*C NMR (75MHz;
300K; CDCl3): 8 156.9 (s, Ar ipso); 144.6 (d, Ph
ortho, Jc.p =241 Hz); 141.0 (d, Ph para, Jc_g= 240
Hz); 137.6 (d, Ph meta, Jc.p =241 Hz); 1359 (s,
Ar para); 134.4 (s, Ar ortho); 126.1 (d, Ar meta);
118.0 (s, Ph ipso); 77.8 (t, OCH,CH,CHjs); 31.3 (t,
ArCHyAr); 229 (t, OCH,CH,CHj); 101 (q,
OCH,CH,CHj3). MS (CI) m/e: 2040 M) 50%;
2022 (M-H,0) 100%.

Synthesis of 5,11,17,23-tetrakis(1-n-butyl-
pentanol)-25,26,27,28-tetra-n-propoxycalix{4]
arene (7)

A solution of 0.05g (0.07 mmol) of tetramethyl
ester (19) in 10ml dry THF was carefully deoxy-
genated usig the freeze-pump-thaw method and
Argon. The reaction mixture was cooled to
—80°C, and 0.38mL (0.6 mmol) of a 1.6M solution
of n-BuLi was added under Argon atmosphere.
The cooling bath was removed and after 1h
quenched (CAUTION!) with 50 mL of a 1IN HCl
solution. This water layer was extracted with
ethyl acetate (50ml), the organic phase separated
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and washed twice with water (2x50ml). Removal
of the solvent yields pure compound 7.

Yield: 97%. M.p.. 103-104°C. 'H NMR
(300MHz; 300K; CDCl,): 8 6.73 (s, 8H, ArH); 4.44
(d, 4H, ArCHH, Ar, J=12.8 Hz); 3.85 (t, 8H,
OCH,CH,CH3;, ] =6.9 Hz); 3.13 (d, 4H, ArCH-
HeqAr, J =128 Hz); 1.94 (g, 8H, OCH,CH,CHj,
] =74 Hz); 2.00-1.86 (m, 16H, C(OH)CH,CH,
CH,CH3); 1.64-1.53 (m, 16H, C(OH)CH,CH,
CH,CHy); 098 (t, 12H, OCH,CH,CH3, J=74
Hz); 0.85 (t, 24H, C(OH)CH,CH,CH,CH3, ] = 7.2
Hz). '*C NMR (75MHz; 300K; CDCl5): 8 154.9 (s,
Ar ipso); 140.7 (s, Ar ortho); 134.0 (d, Ar para);
125.0 (s, Ar meta); 76.5 (t, C(OH)Bu,); 75.5 (t,
OCHzCHzCH3)} 39.7 (t, C(OH)CH2CH2CH2
CH,); 314 (t, ArCH,Ar); 25.8 (t, C(OH)CH,CH,
CH,CHj); 23.1 (t, OCH,CH,CHj3); 140 (q,
C(OH)CH,CH,CH,CH3); 102 (g, OCH,CH,
CHjz). MS (CI) m/e: 1090 (M-4xH,0O+H) 100%.
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