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Abstract: The synthesis of calixarenes 1-6 combining a p-rers-butyl callx[4]arene unit and

- s a i
diethyl malonate functions is described. Preliminary complexing properties are given.
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One of the first examples of calixarene-based cation receptors is probably the family of O-substituted
p—tert-butyi calix[4]arene podands containing ethyl ester binding functions attached at the lower rim. This
family of tetra ester derivatives has been ovservea by several groups to be selective for sodium cation when

the calix[4]arene unit is in cone conformation.' The strong preference of the tetra ethyl ester derivatives
towards the sodium cation has been attributed to the cone conformation steerino the anr donatine hindino
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groups to converge and encapsulate the cation in a preorganised oxvgen-donor cav1tv The only known
crystal structure of such a complex is that of the related potassium-tetra amide complex The crystal
structure indicates the complex to have a fourfold symmetry mvolvmg the carbonyl oxygen atoms and the.
phenollc ones to maintain the whole structure of the 1:1 complex

n the present Note we report on the synthesis and complexmg propemes of ligands 1-6 made of a p-
¢ to

rert-butylcalix{4]arene in cone conformation and O-substituted by diethyl malonate groups. Due to the
presence of two ethyl ester functions in each malonate unit, as to compare with the single ethyl ester one (see
below) they are poly ethyl ester derivatives of p-tert-butyl calix[4]arene in which the complexing cavity is

delineated by four (compounds 3 and 4) or six (compounds 5 and 6) ethyl ester binding groups.
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The synthetic procedure for the preparation of ligands 1-6 is illus

1
(S VN VI I A VAR
TAITY A22s Py
X Y/ \ acétonitrike V W \(
1 R=H
2 R=CH;
R R
|

Y
W Bro _COEt  EtO.C ~./ ? \CO Et
NN Rr'><CGZEt 2 NM 2
: ] TIT) \Ez

K>CO4

)
[ Y\( \ acétonitrile 7,

Scheme 1. Synthetic pathways to ligands 1-6

According to similar procedures described by us,? p-tert-butyl calix[4]arene was first treated with 1
equiv. of potassium carbonate in acetonitrile for 1h at r. t. for preliminary deprotonation. Then, 1 equiv of
diethyl bromo malonate or diethyl 2-bromo-2-methylmalonate were added and the reacting mixtures were
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1 and 2 were obtained pure in 7% and 16% respective yields by ¢

SiO, with a 3:2 mixture of dichloromethane-hexane as eluent. Similarly, 3-6 were obtained by reactmg p-

tert-butylcalix[4]arene or its 1,3-O-diethyl ester derivative with 4 equivs of diethyl bromomalonate or

diethyl 2-bromo-2-methylmalonate with a deprotonation time of 3h in the presence of 4 equivs of potassium

carbonate in acetone or acetonitrile. Reflux was 24 h. The residues were precipitated with CH;OH to afford
mo zsrlecdba aalidl 2. o/ £77 0 P,
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That 1-6 adopted the cone conformation was deduced from their 'H-NMR spectra. * We observed 3
doublets at 3.46 ppm, 4.34 ppm, and 4.69 ppm (J = 13.5 Hz, integration ratio 1:2:1) in the spectrum of 1 and

111, alld (11} 134 MG at A 14tV 222 32N Speataiil B2 Qe

4 doublets at 3. 25 ppm, 3.40 ppm, 4.26 ppm, and 4.46 ppm (J = 13 0 Hz, mtegratlon ratio 1:1:1:1) in the one
of 2 for the Ar-CH-Ar methylene protons of the calixarene moiety. The 'H-NMR spectra of 3-6 showed one
pair of doublets at 3.23 ppm and 4.38 ppm (J = 13.5 Hz) for 3, at 3.16 ppm and 4.40 ppm (J = 13.0 Hz) for
4,at3.13 ppmand479ppm(J" 130Hz)f0r5 and at 3.05 ppmand462ppm(J~ 13.0 Hz) for 6.
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The 5uuaouuy of 1-6 as llgEI.l'l(lS for hard cations such as mose of alkaili metais was demonstrat 0 b
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chloroform solutions of 1-6. After a nernod of 2 days reaction at r. t. we estimated the ratio of metal to ligan
(Rmen) in solution by integration of the picrate proton resonance vs those of the aromatics. 1-4 poorly
extracted alkali metal picrates. Interestingly, ligands 3 and 4 were poorer complexants than the isofunctional
tetra ethyl ester p-tert-butylcalix[4]arene.” We concluded that the binding ester functions of 3 and 4 cannot
adopt the required fourfoid symmetry and are iess predlsposed for complexatlon ngands 5 and 6 only
extracted lithium and sodium ‘piCi‘au‘:S with R Li/s = 1.0: l, R Na/§ = 1.0: 1 R Li/6 = 1.0:1and R Na/6 — ={.5:1. The
value R na6 = 0.5:1 was assumed to be due to the presence of the methyl group on the malonate function. R
nws = 1.0:1 could be reached by refluxing ligand 6 with sodium picrate in chloroform for 2 davs The 'H-
NMR spectra of the solutions were interpreted as 1:1 complexes for 5:Li, 5:Na, 6:Li, and 6: Na.® The largest
signal shifts were observed for the ArOCH,CO,Et and ArOCH(COQEt)z of § and ArOCH,CO,Et and
ArOCCHj;(CO,Et), of 6 for the 1:1 complexes with Na. This was in agreement of a location of the sodium

cation nearby the phenolic oxygen atoms of the calix unit in a very similar topology as observed for the 1:1
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sSodium Co plcx (9§ tUl a ll l p"lerl DUlyl Ldllxl‘f]dl CIcC. l Illb was [IUt UDbt:l ch "l ”lc case Ul llllllulll
comnlevec nrnhal-\lv because the cation is located at the level of the carbony! ester functions

compiex 0Dadly because the catl theleveioli tn oony! ctions.

EV1dence that in the gas phase the stability of the complexes was similar to that in solution was the
fact that in the mass spectra peaks could be detected in all cases (5:Li m/z = 1143.2; 5:Na m/z = 1159.3; 6:Li
m/z=1171.9; 6:Na m/z =1187.8).

Preliminary complexation studies were carried out with UV-visible spectrometry in acetonitrile and
confirmed that the i:i stoichiometry is maintained in this solvent. Further studies of the compiexation
propertles of 3-6 are currently under mvestngatnon and will be presented in due course. Our objectives

o evidence of carriere nranertiec of thic novel geries of calivarenes: h \ ehld\nna fhP
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compl x_:_iti n Qf alkaline-earth metal cations; c.) preparing homologues of ligands 5 and 6, bearmg five ethyl
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ester binding groups nstead of six, by fully O-alkylatlng the OH groups in 1 and 2 by ethyl ester functions.
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General. Mps, capillarics under N, Biichi 500. Chromatography Si0,,columns with Kieselgel Merck (Art. 11567). '"H-NMR
Bruker AC 200 spectrometer (3 in ppm, J in Hz). FAB (+) MS, VG-Analytical ZAB HF. Elemental analyses performed at the
Service de Microanalyse of the Institut de Chimie de Strasbourg.



5366

N

Analvtical data of comnopund 1+ (Mo 271.979° Y VELATALD (900 \MLT, CDCl): OIOITN N 1 A8 o FOVET N N
Arsasyisid Ll Uy LUmnpGunite x. V1P £/ 17& 74 o) JT=IVIVIN \LUV WVINIZ, CLICI3 ) tu-\,\\,ﬂj)y, 1.£40 5, 2 1‘\1’- [\.JIj)}),

1.27 (s, Ar-C(CH;)), 1.36 (t, J = 7.0, 2 CO,CH,CHj;), 3.46 (d,J = 13.5, Ar~CHg-Ar) 4 34 (d, J = 13.5, 2 Ar-CH>-Ar), 4.40
(q,J = 7.0, 2 CO,CH,CHj3), 4.69 (d, J = 13.5, Ar-CHrAr), 5.66 (s, ArOCH(COzEl)z) 7.01-7.10 (m, 8 Ar-H), 9.13 (s, 2 Ar-
OH), 9.21 (s, Ar-OH) FAB (+) MS m/z 806.7 Anal. Found C, 76.17; H, 8.28 Caled For C5;HesOs C, 75.93; H 8.18.

Analytical data of compound 2: (Mp 273-274° C) TH.NMR (200 Mz, CDClLy): 1.11 (s. Ar-C(CH):). 1 18 (s, 2 Ar-C(CH;),)

LV LUV IVALLZ, AL YY) WSy SXITRANTTI 30 2. LRISNANAA T35,

1 2_0~ (s, AT—(;(E:H_;)}) 1. BJIJ=T7 0 2 CO,CH,CH;), 1.51 (s, ATOCCH;3(CO;Et),), 3.25 (d, J = 13.0, Ar—CHz-Ar) 340 (d,J
= 13.0, Ar-CHrAr), 426 (d, J = 13.0, Ar-CH»-Ar), 434 (q, J = 7.0, 2 CO,CH,CHj), 4.46 (d, J = 13.0, AI-CH;—AI‘) 6.93-

703 (m, 8 Ar.l-l\ Q11 (e 2 Ar-OFD, 1022 {c Ar-OH) FAB () MS ni/z 820.6. Anal Found C. 76.26: H d
\aizy MENSLXf, LV NJiL] L 1M V) VLS M/Z 029.6. Anai. 1"ouna ey 10, LU, i1, o UJ \.,uu.u rur

Cs2Hez03 C, 76. 04 HS. 28

Analytical data of compound 3: (Mp 133-134° C) 'H-NMR (200 Mz, CDCl;): 0. 76 (s
C(CH), 1.27 (1, J = 7.0, 4 CO,CH,CHy), 3.23 (d, J = 13.5, 2 Ar-CH-Ar), 4.27 (q, J =
13.5, 2 Ar-CH»>Ar), 5.04 (s, 2 AfOCH(CQO,Et),), 6.26 (s, 2 Ar-OH), 6.49 (s, 4 Ar-H), 7.02 (
Anal. Found C,72.38 H, 7. 94 Calcd For CsgH76012 C '72 05; H 7.55.

Analytical data of compound 4: (Mp 160-161° C) ‘H-NMR (200 MHz, CDCL3): 0.84 (s, 2 Ar-C(CH;);), 1.32 (s, 2 Ar-
C(CH;)3), 1.33 (t, J = 7.0, 4 CO,CHyCH;), 1.53 (3, 2 ATOCCH3(CO,EL),), 3. 16 (d, J = 13.0, 2 Ar-CH-Ar), 4.32 (g, J = 7.0,
4 CO,CH,CHj3), 4.40 (d, J = 13.0, 2 Ar-CH-Ar), 6.44 (s, 2 Ar-OH), 6.62 (s, 4 Ar-H), 7.04 (s, 4 Ar-H) FAB (+) MS m/z 993.8
Anal. Found C, 72.89; H, 8.32 Calcd For CgHgO) C 72.45; H 8.05.

Analytical data of compound 5: (Mp 151-156° C) 'H-NMR (200 MHz, CDCl;) ): 0.74 (s, 2 Ar-C(Cii;);), 1.14-1.20 (m, 6
CO;CH;CH;), 1.26 (s, 2 Ar-C(CH;)s), 3.13 (d,J=13.0,2 Ar-(’H-;-Ar\ 4.14 (q,J = 6.0, 2 ArOCH,CO,CH,CH;), 4. 16(q,J =
6.0, 2 ArOCH(CO,CH,CHs),), 479 d, J = 13.0, 2 Ar—CHz—Ar), 5.04 (s, 2 ArOCH(C02CH2CH3)2), 5.16 (s, 2
ArOCH,CO,CH,CHjy), 6.36 (s, 4 Ar-H), 7.21 (s, 4 Ar-H) FAB (+) MS n/z 1159.3 (M+Na®, 100%) ; 1136.3 (M"*, 45%). Anal.

Foimd C 7010-H 01 Caled For C.,.H..O.. C £0 70 U780
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Analytical data of compound 6: (Mp 168-169° C) ’H NMR (200 MHz, CDCL): 0.77 (s, 2 Ar-C(CHj)y), 1.12-1.22 (m, 6
CO,CH;CH;), 1.29 (s, 2 Ar-C(CH;)3), 1.45 (s, 2 ArOCCH;(CO;EL),), 3.05 (d, J = 13.0, 2 Ar-CH»-Ar), 4.03-4.36 (m, 2
ArOCH,CO,CH,CH; and 4 ArGCH(CO,CH,CHs)), 4.62 (d, J = 13.0, 2 Ar-CH;-Ar), 5.31 (s, 2 ArOCH,CO,CH,CH3), 6.36
(s, 4 Ar-H), 7.03 (s, 4 Ar-H) FAB (+) MS m/z 1164.6 Anal. Found C, 70.62; H, 8.24 Calcd For CsgHe;0,6 C, 70.08; H 7.96.
Spectral data of 1:1 complex 5:Li: 'H-NMR (200 MHz, CDCL): 0.98 (broad s, 2 Ar-C(CHj)), 1.18 (t, 2

ArOCH(CO,CH,CH3),), 1.18 (s, 2 Ar-C(CH;)3), 1.31 (t, J = 6.5, 2 ArOCH,CO,CH,CH3), 3.28 (d, J = 13.0, 2 Ar-CH,-Ar),
4.18 (g, J = 7.5, 6 CO,CH,CH;), 4.5! (broad d, J = 13.0, 2 Ar-CHyAr), 5.08 (s, 2 ArOCH(CO

4.18 (q, 6 CO,CH,CH;), 4.51 (broad d, J = 13.0, 2 Ar-CH>Ar), 508 (s, 2 ArOCH
AIOCHZCOZCHZCHg) 6.96 (s, 4 Ar-H), 7.10 (s, 4 Ar-H) FAB (+) MS m/z =1143.2.

Spectral data of 1:1 complex 5:Na: 'H-NMR (200 MHz, CDCl;): 1.02 (s, 2 Ar-C(CH3)3), 1.18 (t, 2 ArOCH(COZCH2CH3)2),
1.18 (s, 2 Ar-C(CH3),), ), 1.37 (1, J = 7.0, 2 ArOCH,CO,CH,CH3), 3.32 (d, J = 13.0, 2 Ar-CHrAr), 420 (q, J = 7.0, 2
ArOCH(CO,CH,CH;)), 4.26 (q, J = 7.0, 2 ArOCH,CO,CH,CHj), 4.43 (broad d, J = 13.0, 2 Ar-CH,-Ar), 4.53 (broad s, 2

ArOCH(CO,CH,CH,),), 5.10 (s, 2 ATOCH,CO,CH,CHy), 6.99 (5, 4 Ar-H), 7.13 (s, 4 Ar-H) FAB (+) MS m/z = 1159.3.

Spectral data of 1:1 complex 6:Li: 'H-NMR (200 MHz, CDC,): 0.77 (s, 2 Ar-C(CH;);), 1.20-1.27 (m, 6 CO,CH,CHj), 1.27
(s, 2 Ar-C(CH})3), 1.43 (s, 2 ArOCCH{(CO,EL),), 3.13 (d, J = 13.0, 2 Ar-CH.-Ar), 4.13-4.33 (m, 6 CO,CH,CH;), 431 (d, J =

ADSAi3373), 15318, £ AU R0 i)y ASFASTE )
13 0, 2 Ar-CH,-Ar), 4.99 (s 2 ArOCH;COZCl-bCH;) 6 50 (s, 4 Ar-H) 7.21 (s 4 Ar-H) FAB (+) MS m/z 1171 9
Spectral data of 1:1 complex 6:Na: 'H-NMR (200 MHz, CDC13) 0 77 (broad 5,2 Ar-C(CH 3)3) 1.21 (s, 2 Ar-C(CH3)), 1 21-,
1.27 (m, 6 CO,CH,CH; and 2 ArOCCH(CO,Et),), 3.19 (d, J = 13.0, 2 Ar-CH-Ar), 4.16-4.24 (m, 6 CO,CH,CH; and 2
ArOCH;COQCHzCHg), 4.45 (d,J = 13.0, 2 Ar-CHy-Ar), 6.87 (broad s, 4 Ar-H), 7.12 (s, 4 Ar-H) FAB (+) MS m/z 1187.8.
Gutsche, C. D.; Igbal, M. Org. Synth., 1989, 69, 234-235.
Soedarsono, J.; Burgard, M.; Asfari, Z.; Vicens, J. New J. Chem. 1993, 17, 601-611.
Saadioui M.; Asfari, Z.; Vicens, J. Tetrahedron Lett. 1997, 38, 1187-1190.
Tetra ethyl ester p-rert-butylcalix[4]arene' was reacted with alkali picrates in our conditions and we found R Linigana = 0.7:1, R

Nasigand = 1.0:1, R kigana = 0.8:1.

Ar-C(CH_;);) 1.27 (s, 2 Ar-

LUgLH}LHg, 438 (d,. J =
1) FAB (+) MS m/z 964.4
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