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Abstract. Three novel tetraketones (methyl, adamantyl and rert-butyl) and the first tetraamide
(diethylamide) derived from p-fert-butyldihomooxacalix[4]Jarene were obtained and their conformations
established by NMR studics. Tetramethylketone was isolated in two different conformations, partial

cones A and B, respectively, and the other derivatives were all obtained in the conc conformation. The

conformational behaviour of the tetramethylketone conformers was studied by means of temperature
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INTRODUCTION
Due to the variety of properties that calixarenes can assume by appropriate functionalization in the upper

or in the lower rim
of 1e er rin

uAu. IUVY

towards metal cations, in particuiar, have been widely explored in the last decade, especiaily the calix{4jarene

.. ' . . 4 47,9 . 3
derwatlves,2 ® but also within some calix[5]-,* calix[6]-> and calix[8]arenes.> +*
The substituent groun the conformation adonted and the size of the cavity of Ny
v Sy Vi A UGp, =~ r J
. . - . U VS S ><{-:\ /\//-\\\>(
the derivative are very important factors in its efficiency as host or carrier for a (( )7/ \U )
. 4,10 -
certain guest. o
Dihomooxacalix[4]arenes are cyclic tetramers where a -CH,OCHz- group _ORpo
replaces one of the methylene bridges 12 They have a cavity size that stands between ﬁ »7\&

the respective calix[4]- and calix[5]arenes and a conformational mobility somewhat N X

higher than that of conventional tetramers.'® These characteristics make these 1R=

molecules suitable for inclusion studies. With appropriate lower nim substitution, 3 R = CH,COCH,
dihomooxacalix[4 ]arenes with binding properties can be obtained.'! 3 R=CH,COAd

This work reports the synthesis and conformational analysis of four novel 4 R=CH,COr-Bu
carbonyl-containing derivatives obtained from p-fert-butyldihomooxacalix[4]arene (1). 5 R=CH,CON(CH,CH:),
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Synthesis and conformation

The parent p-tert-butyldihomooxacalix[4]arene (1)

£

as synthesised in 25 % yield by the optimised
d

nroce nounde 2 3 4 and § were
P ure. - compounds 2, 3, 4 and > were

analogous p-fert-butyicalix{4]arene ketones™ ** and amide'® with some adaptations.
Conformational analysis was performed by NMR. Due to the presence of the dimethyleneoxa bridge in

rum is

0 d
, dihomooxacalix[4]arenes can exist in six basic conformations. The 'H NMR spect

Py . A L o 3 . . | - -1 VoS | l4b 1 i PR M b g | Iad .} 1 b IAdEFS | 13” XTR £TY
not sufficient to distinguish each one of them, = but this is possible from the analysis of the “C NMR
spectrum, in particular from the ArCH;Ar resonances.'” A combination of techniques, involving conventional

proton and carbon spectra and 'H-"H and "H-"*C bidimensional spectra, was used to probe the structures and the
synthesised.'""*

Tetramethylketone

J B " : A P

presence of potassium carbonz

h man A~ aa Py o B S T T T [y apy A PP i I - al
ne reacuon o1 1 win 1-cnioroacetone / soaium 10a1ae, 1n
refluxing acetone, furnished a white solid which proton NMR spectrum suggested to be a mixture of

conformations of 2. This was confirmed by elemental analysis, that was in agreement with the
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precipitation followed by preparative TLC.
In both cases, the proton spectrum displays five AB quartets for the protons of the ring bridges and eight

doublets for the aromatic protons, as confirmed by gCOSY experiments. This means that in these conformers

pm, and in the other case there is one peak around 30 ppm and two peaks around 39 ppm. These

rtial cone A (2a) and partial cone B (2b), for the conformers

5 = o SEEEEARE =R Iy
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f \OR\OR(ZRH A }x—x\% R=CH,COCH;
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Figure 1. Relevant NOE assignments for derivatives 2a and 2b
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However, for 2a this experiment showed that ring 4 is not completely inverted, as shown in figure 1, so it
L__ - Y Y. U » PP S | S, S A__ TTOUMN, . and e alan~ o~ 1 1 { gy | n
nas a partiai € A Idlienea coniormaiion. An ridvyYL CXpernment was aiso periormea wilh ine paruai conec o
conformer

chloroethane. As can be seen in figure 2, the spectrum of isomer 2b 'r)“(‘muens much faster with temperature than
that of isomer 2a, which retains its main features at 120 °C. However, the presence of minor resonances in the

spectra of 2a at high temperature may indicate that a new conformer, different from 2a and 2b, has been

LCocrcnnn d Mh o a2 0. leo . al.a alo.. 2% 2. PRy VS NPy S ers fa mactl L L Lo & mml a2 al
1UTIHICU. 1JICSC SLUUICS daiS0 SiI0W LIdL UG HIIAILY UL LUISSEC CUILVL 1S 15 Still gl SNOUgilt 1O provent Uk
coalescence proton spectrum from being observed, even at 120 °C.

2a

™~
o

Tetra adamantyl and ferr-butyl ketones

Both ketones were obtained from 1, using potassium carbonate as the base, in refluxing acetone.

In the case of compound 3, the reaction with 1-adamantyl bromomethyi ketone furnished the complex
ketone.KBr, as probed by elemental analysis. 'H, 3C, DEPT, COSY, NOESY and HMQC NMR spectra

hat the complexed molecule is in the cone conformation in

-
2
®
=
3

ketone was obtained.
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For compound 4, using 1-bromopinacolone as reagent, an unworkable mixture was obtained. Using this
reagent together with potassium iodide to promote in situ halogen exchange, a mixture containing mostly the di
hut alen tha tatra darivatic ve

t also the tetra derivative was obtained, as shown by the proton NMR spectrum. Adopting the procedure used

for compound 2, using 1-chloropinacolone together with sodium iodide, the reaction furnished the tetraketone,
without traces of the difunctionalised derivative.

or both tetra adamantyl and ferr-butyl ketones, the 'H-NMR spectrum dis plays three AB quartets of

SRAYIAL PSS v

reiative intensities 2:2:1, for the protons of the CH, bridges, and four doublets of equal intensities for the
aromatic protons, as confirmed by the gCOSY spectra. This means that the molecules have a symmetry plane.

The carbon-13 resonances of the ArCH,Ar bridges indicate that all the adjacent aryl rings are in a syn

L

pOSlIlOD, wmcn lS consxswru w1m me cone conformation. The most r

groups and the aromatic protons in the calixarene ring

of compound 4 are shown in figure 3. The same pattern

of NOE correlations were gbtained for derivative 3
b
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Figure 3. Partial NOESY spectrum of 4, showing Figure 4. Partial COSY spectrum of derivative 5,
the cross peaks that correlate aromatic and showing the methylenic protons coupling at 24 °C
methylenic protons, at 24 °C (CDCl;, 300 MHz) (CDCl,, 300 MHz)

Tetrakis diethylamide

Compound 5 was synthesised by reaction of 1 with 1-chloro-N,N-diethylacetamide in refluxing THF / DMF,

using sodium hydride as the base

The 'H NMR spectrum of this compound-displays the same methylene and aromatic patterns as obtained

for ketones 3 and 4, showing that the molecule has a symmetry plane. Proton couplings were established from

the COSY spectrum (figure 4). The *C NMR spectrum shows two signals around 31-32 ppm for the CHy

R=JI L pPlll i

'.lol»-

bridges. This indicates that the derivative is, in chloroform at room temperature, in the cone conformation.’

>

This was confirmed by a series of 1D-NOE experiments.



Four novel p-feri-butyldihomooxacalix[4 ]arene tetraderivatives were synthesised and their conformations
studied by NMR, in CDClI; solution at room temperature. Three of them: the adamantyl and tert-butyl ketones

and the diethylamide, were obtained in the cone conformation, as for the p-fert-butylcalix[4]larene analogues.

respective p-feri-butylcalix[4]arene ketone had been obtained in the cone conformation. Temperature dependent

proton NMR experiments in 1,1,2,2-tetrachloroethane showed that, although the isomer in partial cone B is less

Meanwhile, extraction of alcali, alcaline-hearth and transition metal cation picrates from aqueous medium
is being performed with derivatives 2b, 3, 4 and 5. Preliminary results show that the three compounds isolated

in the cone conformation are, in general, good extractants, while derivative 2b

extraction.

EXPERIMENTAL

All chemicals used were reagent orade. Sodium sul
Cr ade. >od !
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was rying 2
preparative TLC were carried out on Merck silica-gel 60 Fs4 plates. Meiting points were measured in an
Electrothermal 9200 apparatus. The 'H and *C NMR spectra were recorded on a Varian Unity 300
spectrometer and on a Varian Inova 300 spectrometer, with TMS as internal reference at 24 °C. The 1D-NOE
experiments were collected as a 256x2K complex points and a mixing time of 1s. The COSY and the phase
sensitive HSQC experiments were run with gradients to achieve a much higher sensitivity over the classical

ints. The

mmeﬂmenm The COSY was acquired with 4 transients

b 14 re 18 {TaYal nm memd s sz smies wxgadle A st a3 1__. r smmcesdoa T Lo al
inairect HDQK/ experlm 1S WEIC Tun wilil 4 LI4IlSICIILS, 4 acidy O X polnts. i Dot
cases zero filling to 1K in f1 was done prior to Fourier transformation. Elemental analyses were carried out on a

Fisons EA 1108 apparatus.

7,13,19,25-Tetra-tert-butyl-2,3-dihomo-3-oxacalix[4}arene-27,28,29,30-tetramethylketone (2).
1.26 mL (15 mmol) of chloroacetone was stirred with 2.33 g (15 mmol) of sodium iodide in 20 mL of dry
acetone, under N;. After 30min., a suspension of 2.20 g (15 mmol) of potassium carbonate and 1.36 g (2 mmol)
of p-teri-butyidihomooxacalix{4]Jarene in 100 mL of dry acetone was added. The reaction mixture was refluxed
and stirred under N; for 6h. After cooling, it was filtered through a bed of celite and the filtrate concentrated to

a residue that was suspended in water at ca. 60 °C, for 2h. The product was extracted into dichloromethane,

was recrystallized from acetone, furnishing a white solid that was the mixture of two conformations of 2. Anal.
Caled. for Cs7H7409: C 75.80, H 8.26. Found: C 75.60, H 8.46.



Conformer 2b was isolated by selective
solvent, to furnish 520 mg (29 %) of the pure conformer as white crystals. From the remaining solution, the
mixture of the two conformers was precipitated and filtered (330 mg) and 2a was isolated by preparative TLC

(ethyl acetate / n-heptane 1:2). 2a: 'H NMR (CDCls;, 300 MHz) & -0.01, 1.75, 2.08, 2.09 (s, 3H each, COCHzj);

1.16
4.36,4.56 (Jag=16.9 Hz), 4.48, 4.60 (Jas=16.1 Hz) (d, 1H each, ArOCI-Ig) 3.34, 4.61 (Jap=13.3 Hz), 3.38, 4.70

(Jap=13.1 Hz), 3.89, 4.00 (Jas=16.3 Hz) (d, 1H each, ArCH,Ar), 4.11, 4.35 (Jag=11.3 Hz), 4.16, 4.92
(Jar=12.2 Hz) (d, 1H each, CH;OCHy); 7.05, 7.06, 7.19, 7.23, 7.25, 7.26, 7.28, 7.39 (d, 1H each, Ar). Be
NMR (CDCl;, 75.4 MHz) § 24.22, 26.19, 26.29 (p, COCH;);, 29.07, 30.41, 38.99 (s, ArCH,Ar); 31.13, 31.50
(p, C(CHs)s); 34.14, 34.23 (g, C(CHs)3); 65.38, 67.47 (s, CH;OCH,); 75.99, 77.70, 78.24, 78.56 (s, ArOCH;),
126.09, 126 50, 126.51, 126.95, 127.02, 127.34, 127.92, 128.12 (1, Ar); 129.50, 130.83, 132.73, 132.98, 133.23,
133.39, 133.99, 134.76, 146.20, 146.46, 146.56, 147.18, 152.03, 153.15, 153.24, 153.41 (g, Ar); 203.05,
203.36, 204.94, 208.37 (g, C=0). 2b: mp 190-191 °C. 'H NMR (CDCl;, 300 MHz) § 0.095, 1.77, 2.10, 2.13 (s,

3H each, COCHj); 1.08, 1.16, 1.25, 1.35 (s, 9H each, C(CHs)s); 1.86, 2.28 (Jag=18.5 Hz), 4.01, 4.74 (Jap=16.8
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{8, 1orL, L{Lns)3), 1.34, 1,95 (8, ¥n €acn, Lilns)s), LA\JABTL/.Z N1Z), 447, 4.90 (JAB™

ey

420, 474 (J55=16.8 Hz), 4.34, 4 66 {J,5=16.8 Hz) (d, 1H each, ArQCH,); 3.30, 454 (Jxz=12.7
v, l\u i1 L= L&, 7

[ 4
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3.94 (Jap=15.0 Hz), 3.84, 4.02 (Jag=15.0 Hz) (d, 1H each, ArCH,Ar), 4.23, 4.68 (Jap=9.6 Hz), 4.28, 4.94
(Jag=9.5 Hz) (d, 1H each, CH;OCH,); 6.99, 7.02, 7.06, 7.09, 7.16, 7.30 (d, 1H each, Ar); 7.19 (d, 2H, Ar). °C
NMR (CDCl,, 75.4 MHz) 8 24.02, 26.28, 26.63 (p, COCH3); 30.53, 39.25, 39.94 (s, ArCH,Ar); 31.05, 31.12,

T

- AN

“~1 AN A1 A
31.49, 31.56 (p, C(CHs)), , 34.

22 (g, C(CHz)s); 68.15, 68.65 (s, CH,OCHy), 76.84, 77.46,
ArOCH,); 125.90, 127.08, 127.26, 127.27, 127.56, 128.14, 128.24, 129.65 (¢, Ar); 130.44, 130.80, 133.03,
133.13, 133.50, 134.01, 134.91, 146.02, 146.67, 146.80, 147.33, 152.23, 153.52, 154.22, 154.59 (g, Ar);

207 17
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202.53, 203.15, 208.65 (g, C=0)
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,13,19,25-Tetra-tert-butyl-2,3-dihomo-3-oxacalix[4]arene-27,28,29,30-tetraadamantylketone (3).
of

A mixture o
L mixture o

...a

Ry oL

.02 g (1.5 mmol) of p-fert-butyldihomooxacalix[4larene and 1.04 g (7.5 mmol) of potassium

carbonate in 80 mL of dry acetone was refluxed and stirred under N,. After 15min., a solution of 1.94 g of 1-
adamantyl bromomethyl ketone (7.5 mmol) in 40 mL of dry acetone was added through a rubber septum with a
syringe and the reaction mixture was refluxed for nearly 40h, stirring under N,. After cooling, the mixture was
filtered and the filtrate concentrated to a residue that was treated with cold ethanol, forming a white precipitate
(complexed ketone) that was filtered. The solid was refluxed and stirred in water / ethanol 4:1 for 3 days under
N, releasing 0.590 g (34 %) of the free ketone that was recrystallized from chloroform / ethanol as white
crystals. mp 232-233 °C. '"H NMR (CDCls, 300 MHz) & 0.96, 1.16 (s, 18H each, C(CH3)3); 1.75-2.04 (m, 60H,
Ad); 3.27, 4.63 (Jap=13.7 Hz), 3.27, 4.73 (Jap=13.3 Hz) (d, 2H each, ArCH>Ar); 4.64, 5.15 (Jag=17.7 Hz),
485,516 (Jag=18.7 Hz) (d, 2H each, ArOCH,); 4.69, 4.86 (Jap=12.9 Hz) (d, 2H each, CH,OCHa); 6.72, 6.85,
6.94, 7.08 (d, 2H each, Ar). *C NMR (CDCl;, 75.4 MHz) § 27.96, 28.06 (¢, Ad); 31.43 (p, C(CHs)s); 32.06,
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32.69 (s, ArCH,Ar); 33 88, 33.98 (g, C(CH;)); 36.64, 37.87, 38.02 (s, Ad); 45.12, 45.22 (g, Ad); 67.35 (s,

CH,OCH_), 73. '14, 74.56 (s, ArOCHy), 123.75, 125.77, i 2 24 4,
144.25, 145.22, 152.74, 153.06 (¢, Ar); 209.72, 210.78 (g, C=0). Anal. Calcd. for Co3Hi220o: C 80.71, H 8.

Found:; C 80.47, H 8.95.

7,13,19,25-Tetra-tert-butyl-2,3-dihomo-3-oxacalix[4]arene-27,28,29,30-tetra-tert-butylketone (4).
Prepared following the procedure described for compound 2, using 2.1 mL (15 mmol) of 1-chloro-pinacolone

and rPﬂnx'lno the reaction mixture for 48h. After cooling. the mixture was filtered throug gl ss-fibre filter

............ acti g, ure was filtered through gla filter
paper. Evaporation of the solvent furnished a dark-red residue that was suspended in water at ca. 60 °C for 2h.
The product was extracted into dichloromethane, washed with 3% sulphuric acid, 0.1 M sodium thiosulfate and

water and dried. The solution was concentrated to a residue that was treated with cold ethanol, giving a yellow

acetone afforded 0.380 g (18 %) of tetraketone as white crystals. mp 225-226 °C. '"H NMR (CDCls, 300 MHz) &

0.94, 1.15 (s, 18H each, ArC(CHs)s); 1.14, 1.15 (s, 18H each, COC(CHa);); 3.27, 4.62 (Jag=14.1 Hz), 3.27,
4.71 (Jag=13.3 Hz) (d, 2H each, ArCH,Ar); 4.61, 5.20 (Jaz=17.7 Hz), 4.85, 5.16 (Jas=18.3 Hz) (d, 2H each,
ArOCHy), 4.67, 4.83 (Jap=13.2 Hz) (d, 2H each, CH,OCH,); 6.71, 6.85, 6.95, 7.07 (d, 2H each, Ar). *C NMR
(CDCls, 75.4 MHz) 8 26.34, 26.41 (p, COC(CHs)3); 31.44 (p, ArC(CHs)s); 31.92, 32.60 (s, ArCHAr); 3391,
34.00 (g, ArC(CHa)s); 42.71, 42.78 (9, COC(CH3)3); 67.29 (s, CH;OCHy); 73.24, 74.64 (s, ArOCH,), 123.86,

125.84, 12593, 126.18 (¢, Ar); 131.05, 131.37, 132,55, 133.91, 144.37, 145.36, 152.75, 152.97 (q, Ar), 210.15,
211.37 (g, C=0). Anal. Calcd. for CeoHosOo.H,0: C 76.28, H 9.00. Found: C 76.40, H 9.26.

7,13,19,25-Tetra-tert-butyl-2,3-dihomo-3-oxacalix[4]arene-27,28,29,30-tetrakisdiethylamide (5).
A suspension of 1.36 g (2 mmol) of p-rert-butyldihomooxacalix[4]arene and 0.80 g (20 mmol) of sodium
hydride (60 % oil dispersion) in 50 mL of THF / DMF 10:1 was stirred in N; atmosphere for nearly 15min. A
solution of 2.4 mL (16 mmol) of 1-chloro-N,N-diethylacetamide in 10 mL of THF was then added through a
rubber septum, with a syringe, and the reaction mixture was refiuxed and stirred under N, for 3h. After cooling,
the solvent was evaporated, leading to a brown oily residue that was poured into acidified water, forming a
beige precipitate. This precipitate was filtered, washed several times with water and dried overnight at 60 °C.

mount of diethvlather formine a white
nount or agiethyiet. 11

her, forming a e precipitate that was filtered

needles. mp 231-232 °C. '"H NMR (CDCls, 300 MHz) 3 0.92, 1.14 (s, 18H each, C(CH;)3); 1.06, 1.10 (t, 12H
each, NCH,CH;); 3.25-3.40 (m, 16H, NCH,CH3), 3.22, 4.86 (J,p=13.7 Hz), 3.27, 5.03 (J4z=13.2 Hz) (d, 2H

each, ArCH,Ar), 4.33, 499 (Jap=14.0 Hz), 4.74, 4.86 (/ap=15.0 Hz) (d, 2H each, ArOCH,);, 4.63, 485
(Jas=13.3 Hz) (d, 2H each, CH;OCH,); 6.68, 6.86, 6.98, 7.02 (d, 2H each, Ar). “C NMR (CDCl;, 75.4 MHz) &

13.07, 13.16, 14.36 (p, NCH2CH3); 31.44 (p, C(CHs)3); 31.60, 32.06 (s, ArCH,Ar), 33.93, 33.98 (¢, ((CHs)s),
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39.95, 41.03 (s, NCH,CH;): 6833 (s, CH;OCH,): 71.55, 72.23 (s S) 12401 125904 12644 (1 Ar)
2 I35 . Wy ARRIR2 ), 1.0, TALD (B, NIRRT, 1AV, 14275, 14095 (¢, £,

-~

3.59, 144.54, 145.24, 153.24, 153.82 (g, Ar), 168.26, 168.87 (¢, C=0). Anai. Caicd.
H9.08, N496 Found: C 73.11, H9.11, N 4.86.
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