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Abstract p-tert-Butylcalix[7]arene reacting with phos-
phorus pentachloride and then with water afforded two
stereoisomers p-tert-butylcalix[7]arene diphosphates 2a
and 2b, representing the first phosphorus multiple bridged
calix[7]arene. The more accurate structure of 2a was
investigated with the aid of Gaussian03 calculations.
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Introduction

Calixarenes are a family of cavity-shaped cyclic molecules
obtained from formaldehyde and para-substituted phenol
via ring-closing condensation under alkaline conditions [1].
In order to recognize guest molecule efficiently, it is usually
desirable to freeze the conformation of calixarene, espe-
cially in case of higher member of the calixarene family.
For example, capping the calix[6]arenes with trisfunctional
reagent [2] or doubly bridging it with bisfunctional reagents
[3] are efficient routes to reduce the mobility of the con-
formation of calix[6]arene, especially, doubly capping it
with trisfunctional reagent. Biali et al. synthesized bis-
phosphate-bridged calix[6]arene by pyrolysis of the product
of calix[6]arene and CIPO(OEt), [4]. Leeuwen et al.
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obtained diphosphite-bridged calix[6]arene from calix[6]-
arene and PClj; directly [5]. Gloede and coworkers reported
calix[8]arene containing three bridging phosphate units [6].
Lately, they reported to synthesize calix[9]arene with PCls
and then with water to give the p-fert-butylcalix[9]arene
triphosphate [7]. Just recently, we reported the synthesis of
p-tert-butyltetrahomodioxacalix[6]arene diphosphate [8].
Up to date, the chemistry of even-numbered calix[n]arenes
(n = 4,6,8) is approaching maturity. In contrast, the odd-
number calixarenes (n = 5,7, etc.) most often obtained as
by-products during the synthesis of even-numbered calix-
arene, remained much less studied. Improved approach for
the synthesis of p-fert-butylcalix[7]arene, obtainable in
25% yield, has been reported by Gutsche and coworkers to
open a door to investigate the calix[7]arene chemistry [9].
Thus, several calix[7]arene intramolecular bridged deriva-
tive have been reported by Neri and coworkers [10]. More
recently, we reported the synthesis of 1,3- and 1,4-diacet-
ylamido-bridged p-tert-butylcalix[7]arene [11]. Multiple
bridging of calixarenes is expected to be more effective to
limit the conformational mobility than double bridging [1c].
Furthermore, phosphorus-containing calixarenes are of
particular interest for the complexation of cations, espe-
cially the cations of the f-block elements [12]. Here, we
report the synthesis and conformation studies of the first
phosphorus multiple bridged p-tert-butylcalix[7]arene
employing multifunctional capped reagents.

Experimental
Material and methods

The 'H NMR and *'P NMR spectra were recorded at
400 MHz and 162 MHz, respectively, on Varian Mercury
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400 spectrometer. TMS was used as an internal standard
for NMR. ESI mass spectra was obtained from a Finnigan
LCQ Advantage mass spectrometry service. Elemental
analyses were performed with Yanaco MT-5. p-tert-butyl-
calix[7]arene was synthesized according to the literature
procedures [9]. All other chemicals were commercially
available and used without further purification.

Synthesis of p-tert-butylcalix[7]arene diphosphates
2a and 2b

A mixture of p-tert-butyl calix[7]arene 1 (0.227 g,
0.2 mmol) and phosphorus pentachloride (0.208 g,
1 mmol) was stirred in dry dichloromethane (15 mL) in
room temperature for 12 h, simultaneously adding trieth-
ylamine (4 mL) slowly. The residue was refluxed for 2 h in
the solution of concentrated HCl (15 mL) and dioxane
(4 mL). After filtrated and washed with hexane, the residue
was subjected to PTLC (CHCI;/CH;0OH = 500/1 v/v) to
give the yellow solid 2a (0.03 g, 12% yield) and 2b
(0.02 g, 8% yield).

p-tert-Butylcalix[7 Jarene Diphosphate 2a
Ry =0.3 (CHCI3/CH;OH = 100/1 v/v); 'H NMR(400

MHz, CDCly): 50.88 (s, 9H, C(CH3);), 1.04 (s,I18H,
C(CHs)3), 1.25 (s, 18H, C(CHs)3), 1.31(s,18H, C(CHs)3),

358 (d, 2H, J=144Hz, ArCH,Ar), 3.82 (d, 1H,
J=140Hz, ArCH,Ar), 393 (d, 2H, J= 14.6Hz,
ArCH,AY), 3.94 (s, 4H, ArCH,Ar), 433 (d, 1H,

J = 14.0Hz, ArCH,Ar), 4.46 (brs, 2H, ArCH,Ar), 4.60 (d,
2H J = 14.4Hz, ArCH,Ar), 6.32, 6.96, 7.00, 7.17, 7.18,
7.19, 7.25 (s each, 2H each, ArH), 7.24 (s, 1H, ArOH). *'P
NMR (CDCl3)d = -17.80 ppm;  Anal calc. for
C;7Hg,09P,: C, 75.59; H, 7.58; P, 5.06; found: C, 75.55; H,
7.55; P, 5.05; ESI-MS m/z = 1247.7 [M+Na]*

p-tert-Butylcalix[7 Jarene Diphosphate 2b

Ry = 0.35 (CHCIy/CH50H = 100/L v/v); 'H NMR (400
MHz, CDCls): 00.86(s, 9H, C(CHs)3), 1.09(s, 9H,
C(CHs)3), 1.23 (s, 9H, C(CHs)3), 1.25(s, 9H, C(CHs)3),
1.32 (s, 9H, C(CHs)53), 1.33 (s, 9H, C(CHs3)3), 1.39 (s, 9H,
C(CHs3)3), 3.53 (d, 1H, J = 12.8 Hz, ArCH,Ar), 3.58 (m,
2H, ArCH,Ar), 3.80 (m, 2H, ArCH,Ar), 4.23 (m 4H,
ArCH,Ar), 4.54 (d 1H J = 12.8 Hz, ArCH,Ar), 4.69 (m,
4H, ArCH,Ar), 6.38, 6.49, 6.97, 7.00, 7.11, 7.17, 7.25(s
each, 2H each, ArH), 7.24 (s, 1H, ArOH) *'P NMR
(CDCl3)0 = -19.76, -24.83 ppm; Anal calc. for
C77Hg,09P,: C,75.59; H, 7.58; P, 5.06; found: C, 75.55; H,
7.60; P, 5.04; ESI-MS m/z = 1223.7 [M+H]*
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Results and discussion

Treatment of p-tert-butyl-calix[7]arene 1 with 5 equiv. Of
phophorus pentachloride in dry dichloromethane and sub-
sequent hydrolysis afforded two compounds 2a and 2b
which were obtained in 12% and 8% yield respectively
after preparative thin layer chromatography (PTLC)
(Scheme 1) (see Fig. 1).

All new compounds are characterized by ESI-MS
spectra, elemental analysis, '"H NMR and *'P NMR spec-
troscopy. The elemental analysis data indicate that the two
compounds 2a and 2b have same composition with the
molecular formula C;7;Hg,O¢P,. The ESI-MS spectra show
expected molecular ion peaks 1247.7 [M+Na]* and 1223.7
[M+H]* for 2a and 2b, respectively. The multiple bridged
system 2 can be viewed as having two subunits, each
formed by three proximal phenolic oxygens bridged by a
phosphorus atom. Depending on the mutual orientation of
the two subunits, SYN and ANTI isomers are available.

The *'P NMR spectrum of 2a shows a broad peak at
6 = —17.80 which indicates the two P atoms are identical.

) @Bu{ (in)
= @»Buf (down)

Scheme 1
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The '"H NMR spectrum of 2a shows four singlets (ratio
1:2:2:2) for the tert-butyl groups, three pairs of doublets
and one singlet mixed with a doublet for the methylene
protons, and one singlet for the hydroxyl proton. This is
accordance with the SYN isomer structure. The *'P NMR
spectrum of 2b shows two sharp peaks at 6 = —-19.76, —
24.83 which indicates the two P atoms are different. The
"H NMR spectrum of 2b shows seven singlets in a ratio of
1:1:1:1:1:1:1 for the fert-butyl groups, obviously indicating
that the structure of 2b is asymmetrical. This is accordance
with the ANTI isomer structure, 2b.

The structure of multiple bridged calix[7]arene diphos-
phates 2a and 2b are illustrated in Fig. 2. For stereoisomers
2a and 2b, there are six proximal phenolic oxygens bridged
by two phosphorus atom and the last free rotation tert-
butylphenol. It suggests SYN isomer 2a has two conformers
2a’ and 2a’ (Fig. 3). It is not possible to assign the con-
| formation, although we believe 2a’ is more plausible
: because the HO-Ar gives probably a H-bridge bond to O-
! '77- atom of P-O-Ar [13].

! A real structure for 2a,b cannot be given, because single
I 2p crystals are not obtained for X-ray studies, unfortunately. In

order to investigate the structure of 2a, an insight was

Fig. 1 Conversion of the full formula of 2b to a short form obtained by conformational search using the Gaussian03
Program Package [14]. With this procedure an asymmetri-
cal lowest energy structure whose conformation was similar
to 2a’ was found (Fig. 3), which very likely corresponds to
the frozen conformation evidenced by NMR studies. The
result of the modeling is in accordance with the interpre-
' ' ' ' tation. By the terms of the energies of the optimized
2a' 2a" calculated conformations for 2a’ and 2a’’, 2a’ is more sta-
ble than 2a” and an energy barrier of 519.8 KJ/mol is

Fig. 2 Conformers of 2a

Fig. 3 Compound model of the
asymmetrical lowest
Gaussian03-energy
conformation (left) and of the
averaged symmetrical structure
(right) of compound 2a

Fig. 4 Dynamic behavior of 2b
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calculated between them. An independent modeling with
imposed symmetry equivalences, gave an idealized sym-
metrical structure (Fig. 3), which can be considered as
representative of the averaged conformation observed from
the NMR spectra.

It is known that cyclic calixarene phosphates are
dynamic systems [7, 15]. The aromatic rings can not only
exchange their positions from the ‘‘up’’ position to the
“in’” position but also from the ‘‘down’’ position to the
““in’” position and vice versa. For example this dynamic
behavior for the phosphate 2b should lead to an equilib-
rium between 2bq, 2b,, and 2bs, illustrated in Fig. 4 (see
Fig. 1). The broad signals of Ar—CH,—Ar in the '"H NMR
spectra originate from the dynamic behavior.
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