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Alkylation reaction of 5,17-diallylcalix[4]arene by the N-alkyl and N-aryl amides of chloroacetic acid was per-
formed. NMR and UV titration of calix[4]arenes by bromide anion were carried out. It was shown that complex
calixarene:bromide 2:1 was formed. The calixarene containing two n-butylamide moieties was determined to possess
the most significant binding constant among all examined compounds.
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boina nposedena peaxyus arkunuposanus 5,17-ouannunkanuxc/4]apena N-ankun u N-apun amudamu Xa0pyKcyCHOU
Kuciomol. J{is onpeoenenus KOHCMAanm CesA3bl6aHUs. U COCMABA KOMNIEKCA NOTYUeHHbIX Kanukc[4]apenos ¢ anuonom
o6poma OvLiu ucnonbzosansvl memoovl AMP u Y@ mumposanus. Bolio nokazano, umo gopmupyemcs: KOMNieKCHOe
coedunenue Kanuxcapen:opomuo 2:1. Boisigneno, umo xanuxcapen, cooepocawyuil 08a @pasmeHma H-6ymunamuod,
obnadaem camoil OOILUOLU KOHCMAHMOT CEA3bIBANUSL CPEOU BCEX UCCTIEO08AHHBIX COCOUHEHUIL.

Kuarouesbie cioBa: Kanukc[4]apen, Opomun, YO turposanue, rpaduk [xoba.

Introduction

In the last decade, considerable attention in supramo-
lecular chemistry was paid to molecular recognition and
self-assembled architectures.!'* One of the main aspects of
this multi-disciplinary field of chemistry is the design and
creation of unusual compounds based on these receptors and
sensors for biological and inorganic cation and anion.B*

It is known that compounds containing allyl group
are good starting materials for polymerization reaction®'?
and chiral molecules receiving,!'*'! but there are only few
examples of such reactions in supramolecular chemistry.['%!17
So, calixarene bearing allyl group is a promising molecule
for design of various host compounds. To synthesize such
ligands it is necessary to introduce specific moiety for anion/
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cation recognition insight calix structure. For this purpose
the amide group is widely used in supramolecular chemistry
for receiving host molecules.['32?

Our research is devoted to the design of 5,17-
diallylcalix[4]arene derivatives containing two or four
aryl(alkyl)amide moieties for study of their complex forma-
tion capacity to bind bromide anion. Concentration of this
ion in nature water ranges from several microgram to several
grams per liter. Anion Br- may transform into oxidized forms
BrO and BrO; in the process of water disinfection by ozone
and chlorine. Hypobromite and bromate react with organic
ingredients of water resulting in bromoform, bromodichlo-
romethane, bromophenols and other compounds. Organic
and inorganic products of bromide transformations are
carcinogenic and belong to the second class of danger.!*!
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Experimental

"H NMR spectra were recorded on a «Bruker» spectrometer
(400 MHz for 'H and 101 MHz for '*C) in CDCl,, internal stand-
ard - TMS. Mass spectra were recorded on a mass spectrometer
of MicrOTOF-Q II firm Bruker Daltonics series. UV spectra were
obtained on a UV/VIS spectrometer «Lambda 35». Acetonitrile was
dried over P O, and distillated. Amides of chloroacetic acid were
received concerning literature.** Other chemicals were used with-
out any purification.

General method of 5,17-diallyl-25,27,26,28-hydroxy-calix[4]
arene (1) alkylation. A mixture of calix[4]arene 1 (0.991 mmol) and
potassium carbonate (1.09 mmol) was refluxed in 25 ml of acetonitrile
for 1 h. Then the amide of chloroacetic acid (1.982 mmol) was added
to the flask. The reaction mixture was refluxed for 24 h. The solvent
was evaporated, CH,Cl, (50 ml) was added and washed with IN HCI
(50 mlIx3). The organic layer was dried (MgSO,) and evaporated.
Crude product was crystallized from ethanol and purified by column
chromatography (eluent petroleum ether:ethyl acetate 1:1).

5,17-Diallyl-25,27-di(N-phenylcarbamoylmethoxy)-26,28-
hydroxycalix[4]arene (2). Red powder, yield 229 mg (30 %). Found,
%: C,77.80; H, 5.99; N, 3.50. C, H, ON,.Calculated, %: C, 77.90;
H, 6.01; N, 3.63. Mass-spectra (ESI) m/z: 793 [(M+Na)*]. 'H NMR
(CDCI,, 298 K) &, ppm: 10.20 (2H, s, NH); 7.37 (4H, d // = 8.0 Hz,
ArH), 721 (4H, t J* = 8.0 Hz, ArH), 7.14 (2H, t ./ = 8.0 Hz, ArH),
7.04 (4H, d .F = 7.6 Hz, ArH), 6.85 (4H, s, ArH); 6.75 2H, t F =
7.6 Hz, ArH); 5.98-5.78 (2H, m, CH,-CH=CH,); 5.10-4.97 (4H, m,
CH,-CH=CH,); 4.6 (4H, s, OCH,CO); 4.24 (4H, d ./ = 12.6 Hz,
ArCH,Ar); 3.54 (4H, d=12.6Hz, ArCH,Ar); 3.17 (4H, dJS=64,
CH,-CH=CH,). "C NMR (CDCl,, 298 K) 3 ppm: 163.54, 155.68,
149.12, 138.34, 138.01, 136.77, 132.82, 132.60, 130.62, 129.92,
129.21, 127.55, 124.67, 120.99, 115.77, 55.55, 39.54, 31.95.

5,17-Diallyl-25,27-di(N-p-methoxyphenylcarbamoyl-
methoxy)-26,28-hydroxycalix[4]arene (3). Brown powder, yield
247 mg (30%). Found, %: C, 75.56; H, 5.78; N, 3.50. C_,H,,O,N,.
Calculated, %: C, 75.16; H, 6.06; N, 3.37. Mass-spectra (ESI) m/z:
853 [(M+Na)]. 'H NMR (CDCL,, 298 K) &, ppm: 10.19 (2H, s,
NH); 8.41 (2H, s, OH); 7.33 (4H, d ° = 9.0 Hz, ArH); 7.13 (4H, d
J=7.5 Hz, ArH); 6.86 (4H, s, ArH); 6.76 (2H, t =7.5 Hz, ArH);
6.75 (4H, d J/ = 9.0 Hz, ArH); 5.87-5.77 (2H, m, CH,-CH=CH,);
5.10-4.96 (4H, m, CH,-CH=CH,); 4.60 (4H, s, OCH,CO); 4.22 (4H,
d.=13.2 Hz, ArCH Ar) 3.80 (6H, s, OCH,); 3.55 (4H dJ/s=132
Hz, ArCH,Ar); 3.13 (4H d F=6.8 Hz, CH,-CH=CH,). 3C NMR
(CDCIl,, 298 K) & ppm: 164.74, 156.48, 149 12, 138.34, 138.01,
136.77, 132.82, 132 60, 130.62, 129.92, 129.21, 127.55, 120.99,
115.77, 55.55, 39.54, 39.46, 31.95.

5,17-Diallyl-25,27-di(N-p-methylphenylcarbamoylmethoxy)-
26,28-hydroxycalix[4]arene (4). Violet powder, yield 277 mg
(35%). Found, %: C, 77.80; H, 6.25; N, 3.34. C_,H_,0ON,.Calcu-
lated, %: C, 78.17; H, 6.31; N, 3.51. Mass-spectra (ESI) m/z: 799
[(M+H)"].'H NMR (CDCl,, 298 K) &, ppm: 10.18 (2H, s, NH);
8.16 (2H, s, OH); 7.43 (4H, d ' = 8.2 Hz, ArH); 7.17 (4H, d . =
8.2 Hz, ArH); 7.04 (4H, d ° = 7.4 Hz, ArH); 6.85 (4H, s, ArH); 6.73
(2H, t '=7.4 Hz, ArH); 5.93-5.79 (2H, m, CH,-CH=CH,); 5.06-
5.01 (4H, m, CH,-CH=CH,); 4.23 (4H, d .2 = 13.2 Hz, ArCH,Ar);
4.19 (4H, s, OCH,CO); 3.52 (4H, d /2 = 13.2 Hz, ArCH,Ar); 3.17
(4H, d =6.4, CH-CH=CH,); 2.33 (6H, s, ArCH,). “C NMR
(CDCl,, 298 K) 8. ppm: 163.70, 155,86, 148.89, 147.02, 137.53,
134.98, 134.18, 133 58, 129.63, 128.98, 128.30, 128.18, 122.16,
115.65,42.89, 39.37, 31.78, 31.21.

5,17-Diallyl-25,27-di(N-butylcarbamoylmethoxy)-26,28-
hydroxycalix[4]arene (5). Yellow powder, yield 390 mg (54 %).
Found, %: C, 76.23; H, 7.37; N, 3.87. C, H,,ON,. Calculated, %:
C,75.59; H, 7.45, N, 3.83. Mass-spectra (ESI) m/z: 753 [(M+Na)*].
'H NMR (CDCl,, 298 K) 8, ppm: 7.75 (2H, s, NH); 7.03 (4H,
d =74 Hz, ArH); 6.84 (4H, s, ArH); 6.72 (2H, t F=7.4 Hz,
ArH); 5.98-5.82 (2H, m, CH,-CH=CH,); 5.19-5.01 (4H, m,
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CH,-CH=CH,); 4.41 (4H, d J=14.0 Hz, ArCH,Ar); 4.18 (4H, s,
OCH,CO); 3.93 (4H, d /’=14.0 Hz, ArCH,Ar); 3.39-3.25 (4H, m,
NH-CH,-CH,-CH-CH,); 3.26 (4H, d =6.8 Hz, CH,-CH=CH,);
1.69-1.59 (4H, m, NH-CH,-CH-CH,-CH,); 1.50-1.42 (4H, m,
NH-CH,-CH,-CH,-CH,); 1.07-0.94 (6H, t /*=7.2 Hz, NH-CH -
CH,-CH,-CH ). "C NMR (CDCI,, 298 K) & ppm: 169.13, 168.52,
147.56, 145.39, 137.93, 134.60, 129.51, 128.29, 123.45, 115.64,
74.70, 74.41, 41.61, 41.39, 39.65, 31.23, 22.57, 22.52.

5,17-Diallyl-25,26,27,28-tert(N- isopropylcarbamoylmethoxy)-
calix[4]arene (6). Orange powder, yield 446 mg (50 %). Found, %:
C, 75.53; H, 7.76; N, 3.68. C,,H, O N,. Calculated, %: C, 75.19;
H, 7.17; N, 3.99. Mass-spectra (ESI) m/z 901 [(M+H)']. '"H NMR
(CDCl,, 298 K) 8, ppm: 7.69 (4H, s, NH); 6.75 (4H, s, ArH); 6.41
(2H, t *=7.0 Hz, ArH); 6.25 (4H, d .F = 7.0 Hz, ArH); 5.98-5.88
(2H, m, CH,-CH=CH,); 5.07-5.02 (4H, m, CH,-CH=CH,); 4.50
(4H, s, OCH,CO); 4.43 (4H, d /=13.6 Hz, ArCH,Ar); 4.29 (4H,
s, OCH,CO); 4.17-4.08 (4H, m, CH(CH,),); 3.25 (4H, d J/=6.8,
CH,-CH=CH,); 3.18 (4H, d J=13.6 Hz, ArCH,Ar); 1.27 (12H, d
J*=6.8, CH,); 1.14 (12H, d //=6.8, CH,). "C NMR (CDCl,, 298 K)
8. ppm: 169.13, 168.52, 147.56, 145.39, 137.93, 134.60, 129.51,
128.29, 123.45, 115.64, 74.70, 74.41, 41.61, 41.39, 39.65, 31.23,
22.57,22.52.

Results and Discussion

Synthesis

Starting material for our research was calix[4]arene
1[I with two allyl groups at the upper rim. Cases for tetra-
but not di-O-alkylation of compound 1 are described.**"! We
assumed that O-alkylation of 1,3-dicalixarene 1 with two allyl
groups at the upper rim can proceed at 1,3-positions. Firstly,
we synthesized calix[4]arene 1 using known procedure.!
Then we carried out the alkylation of compound 1 with 2
equivalents of the chloroacetic acid amides in the presence of
potassium carbonate as the base in dry acetonitrile as solvent
to obtain the products of di-substitution 2—5 (Scheme 1).

The structures of all molecules were confirmed by 'H,
BC NMR and mass-spectrometry. According to these data
two molecules of alkylating agent were added. Aromatic
protons of calix[4]arene were characterized as singlet,
doublet and triplet. Three signals of allyl group were observed
as intrinsic multiplet at approximately 5.8-6.0 ppm, 5.0 ppm
and doublet at 3.17-3.26 ppm. Two doublets with coupling
constant characteristic for geminal interaction were referred
to bridging protons. For example, 'H NMR spectrum of
compound 3 consists of signals for aromatic protons of
calixarenes triplet at 6.76 ppm, doublet at 7.13 ppm with
coupling constant 7.5 Hz, and singlet at 6.86 ppm as well. At
the same time aromatic protons of alkylating agent appear as
two doublets at 7.33 and 6.75 ppm with /*=9.0 Hz, where in
signals for calixarenes triplet and alkylation agent duplet are
over lapped. The protons of allyl groups give two multiplets
at 5.87-5.77 and 5.10—4.96 ppm as well as doublet at 3.13
ppm with coupling constant 6.8 Hz. Characteristic doublets
for equatorial and axial bridging protons are observed at 4.22
and 3.55 ppm with J°=13.2 Hz. OCH,CO protons appear at
4.6 ppm as a singlet.

The alkylation of calix[4]arene 1 by alkylamide of
chloroacetic acid gives unexpected results. We have received
products of di-substitution using butylamide of chloro-acetic
acid 5 and tetra-substitution using isopropylamide of chloro-
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Scheme 1. Synthesis of calix[4]arenes 2-6.

acetic acid 6. In "H NMR of calixarene 6 two set of alkylating
agent signals were observed.

The reaction capacity of alkyl containing agents for
alkylation reaction is greater than for aromatic ones.

Titration Studies

The NMR titration is widely used for studying calix-
arene complex formation by analyzing of chemical shifts
changing %39 So the ability of the synthesized calixarenes
to form complex with bromide as anionic guest was deter-
mined by known method,*"" using compound 2 as reference
molecule (Figure 1a).

Tetrabutylammonium bromide (TBAB) solution
(0.5 mM) was added gradually from 0 to 10 equivalents to
the calixarene 2 solution (0.5 mM) in CDCI,. Addition of
bromide anion has induced the upfield shift for phenolic
protons from 8.50 and 8.29 ppm to 8.41 and 8.21 ppm, the
same tendency was remarked for NH protons (Figure 1a). It
indicates that complexation of Br by calix[4]arene 2 takes

_L______}\AJ\M
jt 2
10.25 8.508.458.40 8.25 1.101.051.000.95
ppm

I
OH OH OH HO
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EaSY ()

K,CO3, CH5CN
YLNH l ;\NH
YNH )\HN

6

place via hydrogen-bonding interactions with amide and
phenolic proton moieties.

A Job plot for 2 and Br~ has shown a maximum at
0.25 mole fraction, indicating a 4:1 amide moiety/bromide
binding stoichiometry (Figure 1b). Due to structure of calix-
arene 2 has two amide groups, we suggested that dimerized
tunnel-shaped structure 8 was formed in this interaction
(Figure 2).

Rose-Drago method for UV-visible spectroscopy was
used to calculate binding constants of TBAB 2—6 by calix[4]
arene. The experiments were carried out in CH,CN and CHCI,
at room temperature (Table 1) using known methodology.
Typically, the solutions of TBAB (0.5 mM) and calixarene
(0.5 mM) were mixed in several different ratios (from 10:0
to 0:10 equivalent ratio for calixarene:TBAB). Absorption
spectra were measured using a Lambda spectrophotometer
in the range of 200-600 nm. Job’s plot for each calixarene
showed 2:1 calixarene:TBAB stoichiometry as well as in
NMR titration experiment. Binding constant values for all
compounds 2-6 are shown in the Table 1.

0.0014

0.0012 N
0.001 /

0.0008

0.0006 /

0.0004 ]

0.0002 /

Aa:'(:c:alixarene

T T T
1:0 91 41 73 32 11 23 37 14 1.9 01
Ratio Cealixarene:Creas

Figure 1. a) Comparing of NMR spectra at titration; b) Jobs plot for NMR titration.
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Figure 2. Estimated complex structure.

Table 1.

Calix[4]arene Binding constant, 12>-mol?
1210
1430
1360
17600

13900

A N A W N

These data show that calix[4]arene 5 with n-butyl amide
moieties is the most suitable complexation agent. While
binding ability of compounds 2—4 with aromatic fragments is
approximately ten times worse then that of calixarenes 5 and
6. It may be explained by the nature of TBAB salt: it contains
aliphatic butyl fragments, chemically similar to n-butyl and

i-propyl groups.

Conclusions

Our group has reported the method for synthesis of new
chiral calix[4]arenes containing amide moieties. The use of
aromatic amides of chloroacetic acid as the alkylation agent
gives 5,17-diallyl-25,27-disubstituted calix[4]arenes. In
contrast, the alkylation by alkyl amides of chloroacetic acid
is less selective and could result in di- and tetra-substituted
calix[4]arenes.

The titration study has shown that calix[4]arene 2
forms a complex with the bromide anion in 2:1 ratio. Also
the binding constants for the all synthesized calix[4]arenes
were calculated.
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