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A new approach to the synthesis of calix[4]resorcinarenes
with phosphorylmethyl substituents at the lower rim of the molecule
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Syntheses of calix[4]resorcinarenes usually involve
tetramerization of aliphatic or aromatic aldehydes with
resorcinol and its derivatives.1=3 Previously,4 we have in-
vestigated reactions of phosphorus-containing acetals with
resorcinol for the first time and found them to be a route
to novel calix[4]resorcinarenes bearing phosphorus-con-
taining alkyl fragments at the lower rim of the molecule.
However, this method suffers from a number of limita-
tions associated with difficulties in the synthesis of phos-
phorylated acetals. With the aim of developing a simpler
and versatile method for the preparation of functionalized
calix[4]resorcinarenes, we used for the first time ethoxy-
vinylphosphonates 1a,b as phosphorus-containing part-
ners in the reaction with resorcinol. These compounds
are easily accessible and substituents at the P atom can be
varied. The reactions of ethoxyvinylphosphonates 1a,b
with resorcinol gave calix[4]resorcinarenes 2a,b in high
yields. Compound 2a was formed upon hydrolysis of one
RO group at all the four phosphorus atoms during its

HO. OH ol
4 \©/ + 4 R,P(O)CH=CHOEt —>
1a,b

2a,b

1: R=0Bu (a), OC7H15 (b)
2: R' = CH,P(0)(OH)OBu (a), CH,P(0)(OC;H;s5), (b)

isolation and purification. Calixarene 2b is significantly
more resistant to hydrolysis.

'H, 13C, and 3'P NMR spectra were recorded on a Bruker
MSL-400 instrument (400.13, 100.62, and 166.93 MHz, respec-
tively) in CD3;0D. The & values are referenced to signals for the
residual protons of the deuterated solvent ('H, !3C) and to
85% H;PO, as the external standard (3'P). Mass spectra were
recorded on a MALDI 2 V5.2.0 instrument with a 1,8,9-tri-
hydroxyanthracene matrix. Ethoxyvinylphosphonates 1a,b were
prepared according to an earlier described procedure.’

4,6,10,12,16,18,22,24-Octahydroxy-2,8,14,20-
tetrakis[(butoxyhydroxyphosphoryl)methyl]penta-
cyclo[19.3.1.13:7,1%:13 115.19]gctacosa-1(25),3,5,7(28),9,11,
13(27),15,17,19(26),21,23-dodecaene (2a). A solution of vinyl-
phosphonate 1a (1.82 g, 6.9 mmol) in 4 mL of ethanol was
added dropwise to a stirred mixture of resorcinol (0.75 g,
6.9 mmol), water (8 mL), ethanol (8 mL), and conc. HCI
(1.4 mL). The reaction mixture was stirred at 50 to 60 °C for
0.5 h and left at 20 °C for seven days. Then the solvent was
removed in vacuo and the residue was reprecipitated from etha-
nol with water. The product was filtered off and kept in vacuo
(40 °C, 0.06 Torr) to a constant weight to give compound 2a
(1.26 g, 68%), m.p. 164—166 °C. Found (%): C, 52.61; H, 6.57;
P, 11.72. C4Hg30,0P4. Calculated (%): C, 52.94; H. 6.25;
P, 11.40. IR, v/ecm™! 1195 (P=0); 3340 (OH). 'H NMR, &:
1.10 (t, 12 H, CH,CH;, 3/ = 7.0 Hz); 1.55 (br.m, 16 H,
CH,CH,CH;); 1.89 (m, 8 H, CH,P); 4.20 (m, 8 H, OCH,);
5.17 (br.m, 4 H, CH); 6.48 (s, 4 H, 0-H,;om); 7.32 (s, 4 H,
m-Hypom)- 2C NMR, §: 13.99 (q, CH3, ‘JC’H =124.4 Hz); 19.64
(t, (CHy),, 1JC’H =122.1 Hz); 33.48 (t, CH,P, 1JC’H =125.6 Hz);
66.71 (t, CH,0, ‘JC,H = 142.6 Hz); 69.65 (dd, CHCH,P,
‘JC’H =150.9 Hz, 2Jc,p = 7.0 Hz); 104.05 (d, m-C,om» 1JC,H =
155.9 Hz); 122.53 (s, C,,omCH); 130.0 (d, 0-C,rom» ‘JC,H =
154.6 Hz); 154.26 (s, C,romOH). 3'P NMR, &: 31.76. MS, m/z:
1114 [M + Na].

4,6,10,12,16,18,22,24-Octahydroxy-2,8,14,20-
tetrakis[(diheptyloxyphosphoryl)methyl]penta-
cyclo[19.3.1.13:7,1%:13 115.19]gctacosa-1(25),3,5,7(28),9,11,
13(27),15,17,19(26),21,23-dodecaene (2b) was obtained analo-
gously from resorcinol (1.20 g, 11 mmol) and vinylphos-
phonate 1b (3.80 g, 11 mmol). The yield of compound 2b was
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3.82g(85.1%), m.p. 138—140 °C. Found (%): C, 63.67; H, 9.75;
P, 8.02. CggH,450,P4. Calculated (%): C, 64.08; H, 8.98;
P, 7.52. IR, v/cm™': 1255 (P=0); 3340 (OH). '"H NMR, 5: 0.90
(t, 12 H, CH,CH3, 3/ = 7.0 Hz); 1.27—1.37 (br.m, 96 H,
(CH,)¢CHj); 1.9 (m, 8 H, CH,P); 3.67 (m, 8 H, OCH,); 4.07
(br.m, 4 H, CHCH,); 6.27 (s, 4 H, 0-H,,,,); 7.11 (s, 4 H,
m-H, o). 3P NMR, &: 32.77. MS, m/z: 1650.
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