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Abstract

Some di- and tetraamidert-butylcalix[4]arenes were synthesized and described. Their ionophoric properties were studied
in liqguid membrane ion-selective electrodes. The correlation between the chemical structure (conformation in solution
determined by'"H NMR) and potentiometric ion-selectivity and complex formation constant have been studied. The PVC
membrane electrodes based on tetraamBddd show high sodium selectivity, are stable and long lasting. Disubstituted
amidesl—7 are selective for larger and more lipophilic ions, as for example guanidinium ion. The crystal structure of the
diamide4 was determined by single crystal X-ray analysis. Crystalsak triclinic, space group P-1, with:= 16,669(8),

b =17.795(10)¢ = 20.984(8) Ax = 91.08(4}, B = 91.60(3Y, y = 90.73(4) andZ = 4. lonophoret posseses a distorted
coneconformation and is substituted at theximalphenol rings.

Introduction obtained, however we managed to isolate the respective di-
amides4, 6 and7 from the reaction mixture. Amides, 2

Tertbutyl calix[4]arenes attracted our attention as prospe@d 3 were obtained as di-substituted calix[4]arenes. The

ive ionophores for ion-selective electrodes. They possd€dakis-substituted analogs bfand2 are known and were
rather rigid and lipophilic macrocyclic structures in whictPPtained by different synthetic routes [1, 4]. Compouhels
four hydroxyl groups are arranged around the central cai?d7 were obtained in theoneconformation in which both
ity and can be modified by introducing different electro@mide groups are in proxmal positions. Their conformation
donating substituents, for example ester or amide groups {42 determined on the basis'sf NMR spectra. Compound
2]. Functionalized calixarenes represent an important clas¥/as substituted on the A and C phenol rings.
of compounds that can complex both cations and neutral
molecules [3].

Unsubstitutedtert-butylcalix[4]arenes adopt favorably
a cone conformation as a result of stabilization by in-

tramolecular hydrogen bond formation between OH grouHshe synthesis of the compounds

[4]. In lower rim substituted calix[4]arenes, in the absenc@ompoundsl-11were synthesized by the following reac-

of hydrogen bonds, theoneconformation is not always sta- tjon scheme:

bilized and theoretically all four conformers can be formed: The chioroamides were prepared as described earlier [5].

cone, partial cone, 1,2- and 1,3-alternatéhe ratio of these The proton NMR spectra were recorded on Varian 200 MHz

conformers depends not only on the substituents but also gfyy 500 MHz spectrometers. The chemical shifts are repor-

the reaction condition and on the polarity of the solvent usggy in s [ppm] using TMS as internal standard. Infrared (IR)

in the synthesis [4]. o spectra were recorded on a Specord 480 (Carl-Zeiss-Jena).
We synthesized several tetra- and disubstitued- \jass spectra were obtained on a AMD-604 Mass Spectro-

butyl calix[4]arenes, all being the tertiary amides showgeter (El and LSIMS(+) techniques: 70 eV, 8 kV, 5 kHz).

in Scheme 1. Using the same reaction condition, OMyhe NMR and mass spectra of the compounds confirmed

with -morpholide, piperidide, N, N-dibutyl and N, N-  theijr structure and purity. The organic reagents and solvents
methylheptyl amide were tetra substituted produtslQ) sed were reagent grade.

Experimental

* Supplementary datarelating to this article have been deposited WitrGeneraI procedure for preparation of the bi]s—(?) and
the British Library as Supplementary Publication No. 82280 (33 pages). . . .
t tetrakissubstituted calix[4]arene8{11)
Author for correspondence. 7 .
* On leave from the Institute of Applied Physics, Academy of Science: mm0|.e (0.649 g) Ofp'terff'bu'[ylcal'X[4]aren(_9 was dis-
Kishiniev, Republic of Moldova. solved in 30 mL of the mixture (5:1) of dried tetrahy-
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Scheme 1The synthesis of calix[4]arends-11

drofuran (THF) and dimethylformamide (DMF) during 30¢-but); 1.17 (s, 18Hs-but), 1.22 (t, 12H, CHCH3), 3.25
minutes of stirring and heating to about 50. After that (d, J = 12.5Hz, 4H, ACH,, Ar), 3.31-3.55 (m, 8HNCHy),
time 10 mmoles of sodium hydride (55% in oil) were added.32 (d, J = 12.5Hz, 1H, A&8HAr), 4.67 (d, J=12.5Hz, 2H,
and the mixture refluxed for about 1 h. This was followedrCHo, Ar), 4.94 (d, J = 12.5Hz, 1H, ABHy, Ar), 4.68 (d,
by the addition of the appropriate-chloroacetamides in 2H,OCHy), 5.28 (d, J = 14.6Hz, 2HDCHp), 6.8 (s, 4H Ar),
two-fold excess (8 mmoles). The mixture was stirred fa.9 (m, 4H, Hyom), 9.48 (s, 2H, OH).
another 15 hours at 68C. Then the solution was evapor- 5,11,17,23-tetraert-butyl-25,26-bis(din-propylcarba-
ated to dryness and the mixture was treated with 10 mL ofoylmethoxy)-27,28-dihydroxycalix[4]arene  (compound
water, acidified with 1M HCI and the product was extracte?): CgoHgeOsN2, M.W. 931.35, M™ 931, yield 71%, m.p.
with methylene chloride. The combined organic layers we19-222°C, IRc—o 1648 cnt!, IH NMR §[ppm]: 0.83—
washed with water and dried with MgQOAfter solvent 0.98 (m, 12H,CH3), 1.01 (s, 18Ht-but); 1.17 (s, 18H,
evaporation the oily product was treated with ethyl etherbuf), 1.52—-1.72 (m, 8HCH>), 3.20-3.37 (m, 4H, ACH>,
in order to crystallize. The obtained produdtsllwere Ar & 12H, NCH,), 4.34 (d, 1H, ACH>, Ar), 4.68 (d, 2H,
white solids and were purified by further crystallization fronArCHy, Ar), 4.95 (d, 1H, ACH>, Ar), 4.70 (d, 2H,0CHy),
a methanol/methylene chloride mixture. The sodium cord-28 (d, 2H,0OCHy), 6.72—6.95 (m, 8H, kom), 9.5 (brs,
plexes of amide40 and11 were obtained by the procedure?2H, OH).
already described for the free ionophores but the crude or- 5,11,17,23-tetraert-butyl-25,26-bis(dit-propylcarba-
ganic solution of the ionophore was washed with watenoylmethoxy)-27,28-dihydroxycalix[4]arene  (compound
only. 3): CsoHgsOsN2, M.W. 931.35, M" 930, yield 80%, m.p.
The yields of the reaction, melting points and othe246-250°C, IRc—o 1648 cnt!, 'H NMR §[ppm]: 1.01
properties of the compounds obtained are presented belogg, 18H,s-buf); 1.17 (s, 18H¢-buf), 1.46 (m, 12H,CHs),
5,11,17,23-tetraert-butyl-25,26-bis(di-ethylcarbamoyl- 3.23 (d, 4H,CHy, Heg) 3.45-3.62m, 2H, NCH), 3.90-4.07
methoxy)-27,28-dihydroxycalix[4] arene (compourld: (m,2H,NCH),4.44 (d,1H, ACHa, Ar), 4.60 (d,2H, ACH>,
CseH7806N2, M.W. 875.24, M 874, yield 79%, m.p. 252— Ar), 4.84 (d, 1H, ACHy, Ar), 4.71 (d, 2HOCHy), 5.27 (d,
256°C, IRc—o 1648 cnT!, *H NMR S[ppm]: 1.01 (s, 18H, 2H, OCH,), 6.73-6.92 (m, 8H, ktom), 9.45 (brs, 2H, OH).



5,11,17,23-tetraert-butyl-25,26-bis(dir-butylcarba-
moylmethoxy)-27,28-dihydroxycalix[4]arene
4): CeqHoaOgN2, M.W. 987.46, M" 987, yield 59%, m.p.
178-180°C, IRc—o 1648 cnt!, 1H NMR §[ppm]: 0.83—
0.98 (m, 12H,CHg), 1.01 (s, 18Hz-buf); 1.17 (s, 18H,
t-buf), 1.22-1.42 (m, 8HCH,CHg), 1.48-1.64 (m, 8H,
NCH2CHy), 3.20-3.42 (m, 12H, BHy, & ArCHAr), 4.34
(d, 1H, ArCH,, Ar), 4.66 (d, 2H, ACHy, Ar), 4.95 (d,
1H, ArCHy, Ar), 4.69 (d, 2H,OCH,), 5.28 (d, 2H,0CH,),
6.74-6.93 (m, 8H, Ar), 9.35 (s, 2H, OH).

5,11,17,23-tetraert-butyl-25,26-bis(di(2-metylpropyl)-
carbamoylmethoxy)-27,28-dihydroxycalix[4]arene
pound5): CeqHgsOsN2, M.W. 987.46, M" 987, yield 69%,
m.p. 188-189C, IRc—o 1648 cnT!, 1H NMR §[ppm]: 0.93
(m, 24H,CHg), 1.01 (s, 18H¢-buf); 1.17 (s, 18H¢-buf),
1.85-2.15(m, 4H, CHICH(CHs)2), 3.2 (d, J = 13.5Hz, 4H,
ArCHgz, Ar), 3.25 (m, 8H, NCHy), 4.34 (d, J = 13.5Hz, 1H,
ArCHgz, Ar), 4.67 (d, J = 13.5, 2H, ATHy, Ar), 4.96 (d, J
=13.5, 1H, ACHj, Ar), 4.72 (d, 2H,0CHy), 5.28 (d, 2H,
OCH,), 6.75 and 6.98 (m, 8H, Ar), 9.38 (s, 2H, OH).

5,11,17,23-tetrdert-butyl-25,27-bis(morpholinecarba-
moylmethoxy)26,28-dihydroxycalix[4]arene (compowg)d
CseH7408N2, M.W. 902.3, M™ = 902, yield 32%, m.p.
286-288°C, IRc—o 1648 cntl, 'H NMR §[ppm]: 0.96
(s, 18H,¢-but), 1.26 (s, 18Hz-but), 3.32 (d, J = 13.2Hz,
4H, ArCHg,H,,), 3.76 (m, 16H,..CH,CH,0), 4.34 (d, J =
13.2Hz, 4H ACH>, Hax), 4.75 (s, 4H, OCHCO), 6.8 (s,
4H, Harom), 7.02 (s, 4H, Hrom), 7.18 (br, s, 2H, OH). It
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28%, m.p. 265-272C, IRc—o 1648 cntl, I1H NMR

(compound[ppm]: 1.08 (s, 18H¢-buf); 1.22 (s, 18H¢-but), 3.21 (d,

4H, CHy, Heg), 3.45-3.75 (M, 32H, Horph), 4.98 (d, 4H,
CHy, Hax, J = 12.74Hz), 5.06 (s, 8H,CHy), .7.06 (s, 4H,
Harom), 7.25 (s, 4H, Hrom).
5,11,17,23-tetrdert-butyl-25,26,27,28-tetrakis(piperidi-
decarbamoylmethoxy)calix[4]arene (compouh@ cong:
C72H10008N4, M.W. 1149.61, M 1149, yield 27%, m.p.
267-270°C, IRc—o 1648 cnt!, 1H NMR S[ppm]: 1.09 (s,
36H,7-but), 1.45 (m, 24H, (CH)3), 3.2 (d, 4H, ACHy,Heg),
3.38-3.58 (m, 16H, BH,), 5.0 (s, 8H, @H,CO), 5.1 (d,

(COM4H, ArCHy, Hay , J = 12.8Hz), 6.79 (s, 8H, &bm).

5,11,17,23-tetrdert-butyl-25,26,27,28-tetrakis(piperidi-
decarbamoyl methoxy)calix[4]arene (compoutith — Na
complex): G2H10008Ns—Na, yield 82%, m.p. 245-250
°C, IRc—o 1648 cnt!, 'H NMR §[ppm]: 1.15 (s, 36H,
t-but), 1.67 (br, s, 24H, (Ch3), 3.22 (br, s, 8H.ICHy)
3.32 (d, J = 12.5Hz, 4H, AHy, Heg), 3.62 (br, s,
8H.NCHy), 4.48 (d, 4H, ACHy, Hax, J = 12.5H2), 4.6 (s,
8H, OCH,CO), 7.12 (s, 8H, Bom).

5,11,17,23-tetrdert-butyl-25,26,27,28-tetrakis(methyl-
heptylcarbamoylmethoxy)[4]arene (compoufida — Na
complex): GaH13208N4, M.W. 1324, MF 1325.2, yield
46%, m.p. 102-106°C, IRc—o 1652 cnt!, 'H NMR
8[ppm]: 0.88 (m, 12H, CH) 1.09 (s, 36H¢-but), 1.3 (m,
32H, (CHb)4), 1.6 (m, 8H, CH), 2.88 (s, 3H, N-CH), 2.96
(s, 3H, N-CHs), 3.07 (m, 4H, NEHy), 3.33 (d, J = 13.5, 4H,
ArCHz Heg), 3.34 (m, 4H, N-CHl), 4.42 (d, J = 13.5, 4H,

has been isolated from mother liquier after cristallization @frCHp, Hayx), 4.5 (s, 8H, @H,CO), 7.1 (s, 8H, Hiom)-

compound®.
5,11,17,23-tetrdert-butyl-25,26-bis(piperididecarba-
moylmethoxy)27,28-dihydroxycalix[4]arene (compouf)d
CsgH780sN2, M.W. 898.6, M, yield 27%, m.p. 197-204
°C, IRc—o 1648 cntt, TH NMR §[ppm]: 1.05 (s, 18H¢-
but), 1.2 (s, 18Hz-but), 1.65 (m, 12H, (CH)3), 3.25 (d,
J =125, 4H, A€Hy, Ar), 3.55 (m, 8H, NCH,), 4.38(d, J
=12.5, 1H), 4.68(d, J = 12.5, 2H, BHAr), 4.82(d, J =
12.5, 1H), 5.3 (d, 2H, OH2CO), 6.82 (s, 4H, E-on.), 6.9
(s, 4H.0m), 9.45 (s, 2H, OH).
5,11,17,23-tetrdert-butyl-25,26,27,28-tetrakis(di-
butylcarbamoyl methoxy)calix[4]arene (compoua —
Na complex): G4H13208N4, M.W. 1324.46, M™ 1324,
yield 38%, m.p. 248-25Z, IRc—o 1648 cnT!, 1H NMR
8[ppm]: 0.96 (m, 24H,CH3), 1.15 (s, 36Hz-buf); 1.33
(m, 168HCH,CH3), 1.5-1.72 (m, 16H, NChCHy), 3.25
(t, 8H, NCHy), 3.45 (t, 8H, NCHy), 3.56 (d, J = 12.5Hz,
4H, CHyHeg), 4.3 (d, J = 12.5HzCH,, 4Hyy), 4.98 (s, 8H,
OCH,CO), 7.14 (s, 8H, kom).
5,11,17,23-tetrdert-butyl-25,26,27,28-tetrakis(morpho-
linecarbamoylmethoxy)calix[4]arene (compouBdcong:
CegHo2012N4, MLW. 1157.50, M- 1156, yield 57%, m.p.
302-305°C, IRc—p 1648 cnt, TH NMR S§[ppm]: 1.09(s,
36H/-bui); 3.21 (d, 4H, ACHy, Heq, J = 13Hz), 3.45-3.65
(m, 32H, Hnorp), 4.98 (d, J = 13Hz, 4H, ATH>, Hay), 5.01
(s, 8H, GCHy), 6.8 (s, 8H, Hrom).
5,11,17,23-tetrdert-butyl-25,26,27,28-tetrakis(morpho-
linecarbamoylmethoxy)calix[4]arene (compoud 1,3-
alternate: CegHg2012N4, M.W. 1157.50, M 1156, yield

Synthesis of Na-complex of calix[4]aren®

Complex9-Nal cone CggHg2012N4-Nal.

Compound (100 mg) and sodium iodide (30 mg) were
dissolved in methanol (with a small amount of methylene
chloride) under reflux. After evaporation of the gEl, and
after several days of storage at room temperature, single
crystals appeared; m.p. 273-27C. They were stable but
not suitable for X-ray analysis.

1H NMR $[ppm]: 1.13 (s, 36Hs--but), 3.35 (m, 4H,
ArCHzAr & 8H,N-CHy), 3.65 (m, 8H NCH}), 3.75(m, 24H,
O-CHy), 4.5 (d, J = 12, 8Hz, 4H, ATHy,Ar), 4.7 (s, 8H,
OCHy), 7.1 (s, 8H, Hrom).

Membrane preparation and emf measurements

The membrane components (2.5 wt.-% of ionophore, 33 wt.-
% PVC, 65 wt.-% plasticizer and 10 mol-% KTpCIPB with
respect to the ionophore), about 200 mg in total, were dis-
solved in 1.5 mL of freshly distilled THF. The solution was
poured into a glass ring as described previously [6]. After
solvent evaporation the membranes were used for mak-
ing the electrodes. Three different plasticizers: NPOE (2-
nitrophenyl octyl ether), BBPA [bis(1-butylpentyl)adipate]
and DOS [bis(2-ethylhexyl)sebacate] were used.

The membranes were incorporated into Ag/AgCI elec-
trode bodies of IS 561 type (Fluka). Unless otherwise stated
0.01 M NaCl was used as internal electrolyte. A double-
junction reference Radelkis 0P0820P electrode was used
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Table 1. The membrane composition and characteristic of the electrodes based on iondptidres

PVC-membrane composition Electrode characteristic

lonophore  Plasticizer SNa Linear range  Selectivity coefficierits

[mV] [—logenal Log K,ﬂ(:u Log K,ﬂ(:K

1 1 DOS 50 5.0-1.3 —0.45 —0.67
2 1 NPOE 56 4.5-1 —0.10 —0.50
3 2 DOS 54 5.0-1 —0.30 —0.55
4 2 NPOE 55 4.5-1 0.30 —0.25
5 3 DOS 51 4.5-3.1 —0.35 —0.60
6 3 NPOE 58 3.6-1 0.90 —0.10
7 4 DOS 53 4.0-1 0.95 —0.80
8 4 NPOE 58 3.8-1 0.65 -0.10
9 5 DOS 54 4.5-1 —0.10 —0.55
10 5 NPOE 58 3.6-1 0.40 0.15
11 6 DOS 51 4.8-1.3 -1.75 0.50
12 7 DOS 53 5.0-1 —0.30 —0.50
13 7 NPOE 48 4.2-1 -0.20 —0.35
14 8 DOS 50 5.5-1 —2.55 —2.18
15 8 BBPA 52 5.4-1 —2.50 —-2.30
16 9 DOS 56 5.6-1 —2.23 —2.25
17 9 BPPA 55 5.8-1 —2.50 —-2.30
18 10 DOS 55 5.5-1 —2.45 —-2.34
19 10 BPPA 54 5.5-1 —2.45 —2.40
20 11 DOS 50 5.8-1 —2.56 —-2.20
21 11 BBPA 52 5.2-1 —2.70 —2.50

* Determined by SSM Il method [7a].

Table 3. The complex formation constants as jpdor

with 1M NH4NO; solution in a bridge cell. The pOtentlals ligands9-11 with lithium, sodium and potassium cations

were measured at 2@« using a METROHM 654 pH Meter. determined by the potentiometric method.
Selectivity coefficients and electr?de characteristics lonophore  Log8_ i  LogfLnNa LOgALK

.. .. po .
The selectivity coef_ﬂuents (Io§ 5 w) Were determined by 9 464(023) 674(032) 404(012)
the separate solution method (SSM Il) and were calcu- 10 5.04(0.29) 6.84(0.15 4.44(0.18)

lated bY the matched potential method using the equation: 11
PO

log KNam = logana — (zna/zm) logam atam = 0.1 - f

[7]. The values are presented in Table 2. The characteristics

of the studied electrodes with ionophodesl 1are shown in

Table I.

4.92(0.28) 7.40(0.60) 4.64 (0.24)

0.5 x 0.5 x 0.5 mm was used for the investigation. The

Determination of complex formation contants diffraction dat d at ¢ i
We estimated the values of the complex formation constar%%’sray firaction data were measured at room temperat-

logBLa for tetrasubstitutedert-butylcalix[4]arenes, com- ure onha KUtMg‘ I\(Ajg,f ractzmtgter eflj;'tpped W't? gtraphlte-
pounds9-11, using the method proposed recently by Prets¢fjonochromate o fadiation. Latlice constants were
and Bakker [8, 9] in PVC/DOS membranes. TetramethJ?fmed by least squares fits of 27 reflections indhmnge

ammonium cation (TMA) was used as a reference ion 0-10.8. Intensity data were collected up ©= 20.5
[9al. using aw — 20 scan mode and corrected for Lorentz and

n%)Iarization effects. Three standard reflections were meas

ured after every 200 reflections showing no decay of the
crystal during the data collection. Crystal data and details
of data collection together with structure refinement are
summarized in Table 4.

The values obtained for the complex formation constal
are presented in Table 3.

Crystallization

Compoundtwas crystallized from a C#Clo-methanol mix- An initial structure model was obtained by direct meth-
ture. After several days at room temperature single crystalgds and all the non-hydrogen atoms were refined with an-
suitable for X-ray analysis appeared; m.p. 178-180 isotropic thermal parameters by a full-matrix least-squares
procedure based ofi?. The crystals diffracted poorly and
X-ray structure analysis of compound only 3268 (27%) reflections could be labeled ‘observed’

Crystals of4 are clear, colourless, well defined and havel > 20(7)) among 11773 measured. To decrease the
a slightly distorted octahedron habitus. A crystal of sizaumber of parameters the aromatic residues were refined as
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Table 2. Selectivity coefficients Iog}fﬁgtM(M = H, Li, K, TMA, NH 4, G, Mg, Ca) for the electrodes with

ionophoresl-11and PVC/DOS and potassium tetrakis(4-chlorophenyl)borate additives.

lono-phore  Selectivity coefficients Idgﬁc:M

number H Lit Nat KT TMAT NHy  GT Mgt Cat

1 -012 -045 0 -0.67 -1.15 091  0.69 -2.60 —-2.62
2 -050 -030 O -055 - -0.87 060 -2.60 —2.40
3 -025 -035 0 -0.60 - -0.80 050 -2.70 —2.40
4 035 095 0 -0.80 - -1.00 055 -245 —2.20
5 -030 -010 O -055 - -0.85 040 -2.30 —-1.80
6 -152 -175 0 050 -1.92 048 -0.38 -1.92 —-2.97
7 -025 -030 O -0.50 - -0.60  0.87 -3.00 -1.85
8 -320 -255 O -218 - - - —-4.30 —3.44
9 -320 -223 0 —-2.25 —3.70 - —3.90 -4.20 —2.75
10 —330 -245 0 -2.34 -3.80 - —3.75 -4.10 —-1.75
11 -335 -256 0 -2.20 -3.80 - - —4.40 -3.35

rigid regular hexagon moieties of ideal geometry (C— C feads to encapsulation of the cation within the complex. The
1.39A). Restraints were applied to make chemically but nptoton NMR spectra are excellent tools for distinguishing
crystallographically equivalent bonds approximately equabetween complexed and uncomplexed host calixarenes. In
The OH group hydrogen atoms were found on a diffethe 1H NMR spectra of these compounds we observed a
ential Fourier map; the hydrogen atoms of thesGioups singlet typical for the 36H dfert-butyl groups (at 1.07 ppm),
were refined assuming their trigonal pyramidal geometry tay singlet of 8 methylene protons of the O—&BON
rotation around the C—C#ibond. The residual hydrogengroups (at about 5 ppm), a singlet of 8 aromatic protons
atoms were placed in calculated positions and were refin@d 6.8 ppm) and a pair of doublets of @iHAr bridge
as constrained to bonding atoms. All H atoms were includedoms (at 3.2 and 5.0 ppm respectively), which is typical
in the model of the structure with isotropit values fixed at for the coneconformer. Upon complexation the signal of
1.5 timesUeq 0Of the corresponding O or C atoms for OH andhe 8 methylene protons of the O—&i€0 groups moves
CHs groups and 1.2¢qfor others. about 0.3 ppm upfield and the signal of the 8 aromatic pro-
Neutral atom scattering factors with anomalous dispelens is shifted about 0.2—-0.3 ppm downfield and the pair
sion corrections were taken from [10]. All calculations weref doublets of ArCHAr also moves (3.35 and 4.5 ppm).
performed using the SHELXS-86 and SHELXL-93 prograrmhese suggest conformational changes in the molecule due
packages [11]. Atomic coordinates and equivalent isotropic complexation.
thermal parameters have been deposited, the summary ofBis-substituted compounds-7 were also obtained in
bond lengths are listed in Table 6, selected torsion anglké® coneconformation. This conformation, found in the X-
in Table 7. ray structure o# is also stable in solution. The interesting
point to note is the fact that all bis(amides) are substituted
at the proximal positions, on the A and B phenolic rings

Results and discussion (see Figure 1a). In theH NMR spectra of these compounds,
the signal (pair of doublets) of the calix[4]arene methylene
Synthesis bridge AICH2Ar protons is split into four doublets, (the

intensity of which is: 4:1:2:1). The possibility of forma-

The amidesl1l-11 were obtained by the same procedton of hydrogen bond between two OH groups on proximal
ure, shown in Scheme 1. Using the same reactighenols and between OH and the carbonyl oxygen shown
condition (NaH/THF+DMF, 60°C, 24 h) only with in the structure ot might be responsible for the difficulty
N, N-di(n-butyl)amide, morpholide, piperidide and, N- in formation of tetrakis(substitutiuted)calixarene amides and
methylheptyl amide were the produc®-11) tetra substi- for the preferred proximal substitution. Only in the case of
tuted, however we managed to isolate the bis(morpholideglix 6 we obtained in a small yield the product substituted
6, and the bis(piperidid&)in small yields from the reaction at alternate A,C positions.
mixtures and bis(di=-butylamide)5 together with a small
amount of tetrakis substituted prodict Complexing properties of the compounds

We have found that the tetrakis substituted amigtekl
are strong N& cation receptors. In the synthesis route sdviembranes were prepared containing ionophdrekdand
dium ions probably play a role of template cation stabilisindifferent plasticizers. Complexing properties of the syn-
the cone conformation of the products. The amid&sl1l thesized compounds were studied by using them in ion-
can be obtained in the form of stable sodium complexeselective membrane electrodes (ISE). All the electrodes
The presence of the alkyl groups on each nitrogen atomere stable and long lasting due to the high lipophilicity
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Table 4. Crystal data and structure refinement4or

Empirical formula G4Hga N2Og
Formula weight 987.41
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system, space group Triclinke;1
Unit cell dimensions a =16.669(8) A

b=17.795(10) A
¢ =20.984(8) A

o =91.08(4y

B =91.60(3y

y =90.73(4
Volume 6220(5) &
Z, 4,
Calculated density 1.054 g/én
Absorption coefficient 0.066 mt
F(000) 2160
Crystal size 0.50< 0.50x 0.50 mm
0-range for data collection 1.14 to 2041
Index ranges —-16<h <16,0<k <17,-20<1<20
Reflections collected/unique 11773/11485; = 0.0414
Refinement method Full-matrix Ieast—squarech?n
Data/restraints/parameters 11465/1553/1206
Goodness-offit orF2 1.035
Final R indices for 326&, with I > 20(I) R1%= 0.1207,wR2b =0.3195
R indices (all data) R1 =0.3297,wRy = 0.3964
Extinction coefficient 0.0032(7)
Largest diff. Peak and hole 0.449 an@®.322 e. A3

&Ry =Yl Fol = |Fe 11/ X I Fol.
b wRy = [LIw(FZ — F2)21/ Ylw(F$21°5.
w = 1/[0?(F2) 4 (0.2000- P)?], whereP = (max(F2,0) +2- F2)/3.

c50

Figure 1a. A general view of molecule with the common numbering scheme for both independent molecules. H-atoms are omitted for the sake of clarity.
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Figure 1b. A view of moleculea (in the direction approximately perpendicular with respect to Figure 1a) illustrating its distorted closed cone conformation.

of the tert-butylcalix[4]arene ionophores. Bis-substituted

calix[4]arenes (compounds-7) show Nernstian character- [L,M*+]

istics for the large guanidinium cation tQ slightly worse nL+M* 2 L,M* g= LI

for sodium and lithium, but the selectivity towards other . )
alkali metal ions was rather low. Tetrasubstituted amides |n€ correlation between the values of the complex stabil-
(compounds8—11) have very good characteristics for solty constants determined by classical methods in rather polar

dium ion and the electrodes are very stable and high%?lvents and the selectivity coefficients of ISEs only in fe;v_v
pot =~ 54 |Ongot ~ _25). The cases were good and well understood [12]. One such positive

selective(log Kyax = Nali = : ) pot
plasticizers used do not affect the selectivity very mucfx@mple was the valinomycinelectrode(log Ky n, =
3.5) [13]. The stability constants for valinomycin com-

however the best results when concerning stability were X ; . _ h
obtained with DOS [bis(2-ethylhexyl)sebacate] and BBPRIEXeS with potassium and sodium are: fg = 4.9 and
[Bis(1-butylpentyladipate]. The selectivity coefficients fof®3ALNa = 0.67. The stoichiometry of both complexes are

the electrodes with ionophords-11and plasticiser DOS the same, they were estimated as 1: 1 [13b].
for sodium cations against: H Li*, K+, NHI’ Mg+, Potentiometric selectivity coefﬁuentxﬁ g) reflect the

Ca+,G+, TMA+ are presented in Table 2. Full characterjpn'”gand complex formation constant directly within the
istics,of t,he discussed electrodes are in Table 1 membrane. That is why it is possible to use the values of

pot . . . .
In planning the structure of ionophores for ISEs onfA.B for determination of the effective complex forrr_latlon
gnstants. Recently such a method of determination was

should consider several aspects of complexation. The s’% )
o , . proposed by Pretsch and Bakker [8, 9]. Applying one of
cific geometry of the ligand molecile, the number and ki these methods (with tetramethylammonium cation TMA

of coordination centers and the lipophilicity of the iono- ¢ . 9 imated th | fth
phore and of its complex are taken into account. These affégy @ reterence ion) [9] we estimated the values ot the com-
ex stability constants log_a in PVC/DOS membranes for

the complex stoichiometry and complex stability constantg, . :
which reflects the selectivity of complexation. substitutedtert-butylcalix[4]arene®-11 They are presen-

The aim of our studies in the field of ion-selective eIect—ed Lljrr]n-;?i?)lr?s?. The calculation was based on the following

trodes is to find a relationship between the optimal structuf&® . . _

of an ionophore and the selectivity of ion selective elec- .The_lpg)llymen.cr:nﬁmbrane p_hase IS homog?n(_)us andis in

trodes based on this ionophore. As the selectivity coefficiené e?]w ! r'u.TbW't the contacc;ung aq.uezus S0 ut||on.d h

is influenced by the binding properties of the incorpor- T € equiibna consta_nts etermine are re ated to t €

ated lipophilic carrier, knowledge of the ion-ligand complex estimated concentration of the species in the organic
membrane phase and to activities in the aqueous phase,

stability constantss, in the membrane and the complex stoi- th t be treated as th d ! ¢
chiometry are useful parameters for making optimalizations so they cannot be treated as thermodynamic parameters.
. The ionophores form stable complexes of 1:1 stoi-

of the membrane composition. . o :
P chiometry with Li*, Na™ and K" ions.
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conformations of the butyl chain moieties (see Table 7) in
moleculea and b indicate their mobility and is the main

pot . . ) .
b= Ky tma (T E) difference of their conformation. One may speculate that it
KD A (DILT — Ryl is due to the intermolecular packing effects.

Molecules clearly show a distorted, ‘obliquainestruc-

Lt is the total concentration of ionophore within thdure, Figure 1a,b. Their geometry can be related to the
membraneRr, the total concentration of IiPophiIic an-mean plane through the GHridges which link the aromatic
ionic site (KTpCIPB) in the membrand{,fj,oTMA(IE), rings, where the carbon atoms show out-of-plane distances
the selectivity coefficient for the membrane withoutess than 0.047 and 0.029 A for molecaendb respec-

ionophoreK&‘?tTMA(L), the selectivity coefficient for the tively. The calix conformation is defined by the dihedral

membrane with ionophork; M = Li, Na, K. angles that the aromatic rings make with this mean refer-
ence plane, which are 75.6¢3A), 135.9(3) (B), 106.0(3)
Complexation studies in solution (C), and 141.1(4) (D) for moleculea and 78.2(3) (A),

138.7(3y (B), 106.7(3} (C), and 139.6(4) (D) for mo-

The complexation of the tetrakis-substitutedert- |ecule b. Three interplanar angles in each molecule are
butylcalix[4]arenes8—11with sodium ions were studied by|arger than 90 and indicate that the-butyl group of the
the proton NMR technique in solution. Deuterated chlorqings B, C and D are pointed outwards from the cavity
form was used as the solvent. Both spectra, of the free ligagflereas the angle smaller than°%hows that the-butyl
and of its complex differ signifficantly, as seen in Table %roup on ring A points inwards and covers the cavity.
Similar changes in NMR spectra of different ionophores oglethyl atom C(20) of thist-butyl group is directed in-
complexation were described by us previously [14]. side the calixarene cavity but there is no evidence of its

The signal of the 8 aromatic hydrogen atoms is shiftadH; . . .  interaction. The shortest GHrings’ distance are
on complexation to the lower field direction by 0.3 ppmirom C(20) to the C(45) carbon atom of the opposite ring
whereas the 8 bridge protons of theGb,—CO groups C and longer than 4.08 and 4.15 A for molecaleand
are shifted 0.3ppm to the high field direction, the pair db respectively. The interplanar angles between each pair
doublets of Ar—CH>—Ar are in the free ligand at 3.2 of distal rings additionally define the calix conformation.
and 4.98 ppm, but in the complex at 3.7 and 4.5 ppm f@ings A and C are almost parallel to each other (interplanar
equatorial and axial protons respectively. Also the signaisigle 1.7(4) (a) and 5.4(4) (b) while rings B and D are
of amide N-CH protons are changed due to complexatioiose to normal (interplanar angle 97.1(43) and 98.6(4)
In the free ligands 16 N-Ciiprotons give a multiplet at (b). A similar mutual arrangement of opposite aromatic
3.5 ppm and in the complex they split in to two signalsings (2.2(3) and 92.4(3)) have been found in the rel-
at 3.3 and 3. 6 ppm each for 8 protons. All these suggesfant5,11,17,23-tetrrt-butyl-25,26,27,28-tetrakia(, N-
conformational changes in the calix[4]arene structure, whiefiethylcarbamoylmethoxy)calix[4]arene [1]. The relative di-

is more rigid in the complex. hedral angles between two adjacent ringdiare in the
The spectra for amid@ and its sodium compleQaare range 74.1-79% The torsion angles about the methylene
presented in Figure 2. bridges (see Table 7) vary essentially, but corresponding val-
ues in the molecula andb are rather similar. There are sig-
X-ray structure of compound nificant differences in the distal-©-O separation: 5.10(1),

_ _ _ 5.08(1) A between O(1) and O(5) and 3.43(1), 3.45(1) A

X-ray analysis of the single crystal unambigupenyeen O(3) and O(6) (for molecute and b respect-
ously proved that the productd is indeed the je) Atthe same time the transannular distances between
syn-proximal5,11,17,23-tetrdert-butyl-25,26-bisltV, N- - priqging carbon atoms C(21)C(53) and C(42) -C(64) are
dibutylcarbomoylmethoxy)-27,28-dihydroxy-calix[4]arene;n, the narrow region 7.09(2)-7.21(2) A for both molecules.
The crystal structure data show that two similar crys- The actyal conformation adopted by any calixarene in
tallographically independent molecules (molecaleand o gojig state is clearly the result of a subtle interplay of
moleculeb) are present in the asymmetric part of the unjhyamolecular interactions, intermolecular packing effects
cell. Due to these molecules similarity only the view ofn the presence of the appropriate solvent molecules [15,
molecule a in two different orientation are depicted injg) For the calixarene derivative under discussion here,
Figure 1. The aromatic rings bearing substituents on g, major intramolecular interaction is the existence of two
lower rim are labelled A and B, while the two free phenoli¢ .o molecular O—H- -O hydrogen bonds, one between ad-
rings are labelled Cand D. _ _ jacent phenolic oxygens and another between the phenolic

Most of the molecular dimensions, summarised i§yyqen and the proximal carbonyl oxygen of the pendant
Table 6, are anticipated for such calixarenes, except fof"substituent on ring B. Their parameters for the mo-
the C—C bond lengths in the butyl side-chain of thg, e are 0(6)- -O(5) 2.756(13), 2.785(13) A; H-O(5)
two pendansyn-proximalN, N-dibutylcarbomoylmethoxy 5 3 2 13 A, O(6)—H--O(5) 147, 136 and O(5)- -O(4)
groups, which are appreciably shorter than the expectg_de(lZ), 2.775(14) A, H-O(4) 2.03, 2.02 A, O(5)—

value for a C(sp)—C(sp) bond. The reason for the ob-.. .0(4) 149, 152 respectively. The O(5)-O(3) distances
served shortening is the high thermal motion of the corregs 2.853(12) A in moleculea and 2.909(12) A in mo-
ponding carbon atoms and librational effects. The different
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Table 5. 1H NMR spectra (500 MHz) in CDGlof ligands9 and10 and their complexeSa and10a

Compound 8Hr  OCH,CO  ArCHAr O(CHp)2 N(CHp)z (CHp)s  t-Butyl
8H 8H 4H 4H 16H 16H 24H 36H
9 6.79(s) 4.99(s) 4.96(d) 3.2(d) 3.64(m) 3.52(m) 1.07(s)
J=127 J=127
9%a 7.08(s) 4.72(s) 455(d) 3.36(d) 3.75(m)  3.66(s) 1.14(s)
J=12.7 J=127 3.38(s)
10 6.8(s) 5.0(s) 5.05(d) 3.2(d) 3.48(m) 1.55(m) 1.07(s)
J=128 J=12.8
10a 7.1(s) 4.58(s) 4.48(d) 3.3(d) 3.5(m) 1.65(m)  1.14(s)
J=128 J=12.8
Tonophore 9
J MU L_J. L
T T T T I T T T T l T T T T I T T T ¥ l ¥ T T T l T T T T ! T T T T | T T T T I
7 6 3 4 3 2 1 Ppm
Complex 9a
T T T T I T T T T | T T T T | T T ) 1 l BLERL) T 7 I T T T T I T T T T [ T T T T I
7 6 5 4 3 2 1 pPpm

Figure 2. 1H NMR spectra of free ionophot@(upper trace) and its Nal-compl&a (lower trace) in CDGl (500 MHz).

Table 6. Summary of bond lengths (A) fat.

Bond Range Mean
C(ar)—O(phen) 1.358(8)-1.382(8)  1.367(8)
C(ar)—O(ether) 1.379(9)-1.393(8)  1.386(8)
C(sp?)—O(ether) 1.421(11)-1.452(11)  1.439(11)
C(sp)=0 1.203(12)-1.227(121)  1.217(12)
C(sp?)—N(sp?) 1.320(13)-1.347(12)  1.332(12)
C(sp)—N(sp?) 1.469(12)-1.507(12)  1.481(12)
C(spP)—C(sp’) 1.515(13)-1.540(13)  1.525(13)
C(an—c(sp) 1.477(14)-1.573(13)  1.523(14)
C(ar)—C¢-Bu) 1.532(16)-1.578(13)  1.553(15)
C(-Bu)—C(-Bu methyl)  1.468(13)-1.522(11)  1.498(12)
C(sp*)—C(sp) 1.413(14)-1.503(14)  1.457(14)
C(sp)—C(spiterminal)  1.404(15)-1.455(15)  1.430(15)

leculeb are only a little longer than the corresponding dis-
tances O(5) -O(4) however the latter are more favourable
for H-bond formation. The lower rim substituent (the car-
bonyl) on ring A is not involved in hydrogen bonding. The
closest distances are O(1)0(3) 3.382(11), 3.322(11) A
and O(1)--O(6) 3.365(12), 3.317(11) A for molecudeand

b respectively.

In the structure of the relateslyn-1,2-bis(ethoxyethyl)
ether of calix[4]arene [17, 18] there are two independent
molecules and two different modes of intramolecular O—
H---O hydrogen bonding. In one molecule both hydrogen
bonds are between the calix[4]arene phenolic oxygen
atoms; in the second molecule one of the hydrogen bonds
is to a side-chain oxygen (similar to that in calixarene
derivative 4). The first molecule has a relatively open
cone conformation whereas the second is more closed.
In neither case is the solvent included. This example
shows the influence of intramolecular H-bond formation
on the adopted conformation by an asymmetrically sub-
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Table 7. Selected torsion angle$)(for 4. Acknowledgements
Atoms Moleculea  Moleculeb . . .
Financial support by KBN grant No. 13 TO9A 037 15, is
C(4)—C(5)—C(21)—C(22) 49.6(10) 54.4(11) gratefully acknowledged.
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C(46)—C(47)—C(53)—C(54) 79.8(10) 77.9(11)
C(47)—C(53)—C(54)—C(55) —106.8(9)  —103.5(10) 1. A. Arduini, E. Ghidini, A. Pochini, R. Ungaro, G. D. Andreetti, G.
C(57)—C(58)—C(64)—C(1) 101.7(10) 100.8(10) Calestani, and F. Ugozzolid. Incl. Phenomen6, 119 (1988); F.
C(58)—C(64)—C(1)—C(2) —43.4(11) —46.8(11) Arnaud-Neu, G. Barrett, S. Cremin, M. Deasy, G. Ferguson, S. Harris,
C(1)—C(6)—O(1)—C(7) 83(1) 83(1) g ﬁ I__otu%h,cl_h. Guesrra, l\; i.' M;Kerv%llg/l.(fggh;\)/ing-wall, and P.
chwinte:J. Chem. Soc. Perkin Trans. .
C(6)—O(1)—C(1—C(8) 17(1) 165(1) 2. F. Arnaud-Neu, G. Barrett, S. Fanrs;i, D. Marrs, W. McGregor, M.
O(L)—C(7)—C(8)—0(2) —40(2) 30(2) A. McKervey, M. Schwing-Weill, V. Vetrogon, and S. Wechsl|ér:
0O(2)—C(8)—N(1)—C(9) 4(3) -1(3) Chem. Soc. Perkin Trans, 253 (1995).
C(8)—N(1)—C(9)—C(10) —83(3) —94(2) 3. C.D. Gutsche: in F. Stoddart (edJalixarenes The Royal Society of
N(—CO)—CLo)—C(L) — ~84(3) ~1703) 4 ihfkngfiﬂé}f&'es”fgﬁﬁﬂg&gﬁ' Rew7, 1713 (1997)
CO)—CA0—CAN—C(12)  ~127(3) 158(3) 5. M. Bochéiska, J. F. Biernat, and J. S. Bradshawincl. Phenom10,
0(2)—C(8)—N(1)—C(13) 175(2) 172(2) 19 (1991).
C(8)—N(1)—C(13)—C(14) —84(3) —88(2) 6. M. Bochéiska and W. SimorMicrochim. Actalll , 277 (1990).
N(1)—C(13)—C(14)—C(15) —163(2) 174(2) 7. R.P.Buck and E. LindnePure Appl. Chem66, 2527 (1994); Y.
C(l3)—C(l4)—C(15)—C(16) _100(4) —81(3) Umezawa, K. Umezawa, and H. Safaure AppI. Chem67, 507
C(22)—C(27)—0(3)—C(28) 62(1) 60(1) (1].1929752,20%0;'3takker, E. Pretsch, and P. BuhimaAmal. Chem.72,
C(27)—0(3)—C(28)—C(29) 109(1) 108(1) 8. E. Bakker, R. K. Meruva, E. Pretsch, and M. E. Meyerhéfial.
0O(3)—C(28)—C(29)—0(4) 6(2) 5(2) Chem 466, 3021 (1994).
0O(4)—C(29)—N(2)—C(30) 10(3) 8(3) 9. A. Ceresa and E. PretscAnal. Chim. Acta395 41-52 (1999); E.
corn@COO-cEy s s SedeaE posl cemodesz o,
. A.J. C. Wilson (ed.)International Tables for Crystallographyol.
N(2)—C(30)—C(31)—C(32) 177(2) 177(2) C, Kluwer Academic Publishers, Dordrecht, 19312; Tat?lesp6.1.14 (pp.
C(B0)—CE1)—C(B2)—C(33) —175(3) 143(4) 500-502) and 4.2.6.8 (pp. 219-222).
O(4)—C(29)—N(2)—C(34) 167(2) 170(2) 11. G. M. Sheldrick: SHELXS-86Acta Crystallogr., Sect. A6, 467
C(29)—N(2)—C(34)—C(35) 106(2) 107(2) (1990); G. M. Sheldrick: SHELXL-93rogram for Crystal Structure
NOCON_CE9CGR ATIE Ny, elbenentiverty o Snger, Semany (155
. . Bochéska:J. Mol. Struc — .
C(34)—C(35—C(36)—C(37)  —55(3) —47(4) 13. (a) Z. Stefanac and W. Simo@himia 20, 436 (1966)Microchim. J.
12, 125 (1967); (b) M. HiraokaStudies in Organic Chemistryol.
12, Elsevier, Amsterdam (1982).
14. M. Bochéska, V. Ch. Kravtsov, and V. Zavodnil§, Incl. Phenom.

stituted calix[4]arene. However the hydrogen bond itselt.
is not sufficient to ensure the adopted conformation of
the compound in the solid state. In the crystal structure
of the syn-proximai5,11,17,23-tetrakisert-butyl-25,26-
bis[(2-pyridylmethyl)oxy]-27,28-dihydroxy-calix[4]arene
ethanol 1:1 inclusion complex the intramolecular hydrogér:
bonding is very similar to that found here for the structure of
4 but the interplanar angles of 65.1(3) and 50.7{&tween 1g.
opposite aromatic rings indicate the open cone conformation
and facilitate the inclusion of an ethanol molecule within th&®-
calixarene cup. One may speculate that the factors which
control the closed calix distorted cone conformatiordpf
are hydrogen bonds and the repulsion of bulky substituents
(steric factors) on the lower calixarene rim.
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