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Inherentl ral Calix[4]arenes with Asymmetrical Superposition
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Absiraci: Three types of inherently chiral calix{4]jarenes (saun , AHHH s AAHH ) with asymmetricai

superposition of ethyl, diethoxyphosphoryl groups at the lower rim of the macrocycle and bromine atoms at
the upper rim, have been synthesized. The key steps of the synthesis are O,O'-phosphorotropic
rearrangements of 1,3-distally disubstituted calix[4}arenes into 1,2-proximal isomers, regioselective
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Inherently chiral calixarenes' have attracted attention as host-molecules capable of enantioselective

recognition.” Compounds of this type have been mainly obtained by asymmetric placement of substituents on

tha mhanali
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been less used for this purpose.*

In 1990 V. Bohmer et al.’ proposed a synthesis of calix[4]arenes with chirality brought about by
asymmetrical superposition of substituents at the lower and the upper rims of macrocycle (agagtoCC type)
GSyRULGILIbal SupeiY ViDL euUst Ty S YV LY \AHAR WP

BBCC substitution type at the upper rim was reached by step-by-step condensation of 4-phenylphenol or p-
cresol with 4-tert-butylphenol into corresponding calix[4]arene tetrols. 1,3—Dialkylation of the tetrols then

led to the lower rim AHAH substitution type. Up to now this is the on

t no g calixarenes with

chirality caused by lower/upper rim substituent superposition.

In this communication we report the synthesis of inherently chiral calix[4]arenes with three new

BHBH
HH s

HBBH HHBH
H s AAHH .

asymmetrical combinations of substituents at the lower and the upper rims: 4,
This synthesis is based on recently developed O,0O'-phosphorotropic rearrangement of 1,3-distally
disubstituted calix[4]arenes into 1,2-proximal isomers,* regioselective bromination® of the upper rim and
hydrolytic removal of phosphoryl (benzoy!) groups from the lower rim.
Calix[4]arene 3 of aann" BH type with two diethoxyphosphoryl groups at the proximal positions of the

fower rim (AAHH) and two bromine atoms at the distal positions of the upper rim (BHBH), has been
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obtained in two steps from commercially available 1,3-diphosphoryloxycalix[4]arene 17 in a cone
conformation (Scheme 1). The first step is the bromination of para-positions of phenolic moieties. The
second one is the migration of the phosphoryl group of dibromide 2 from the distal position to the proximal
one under reaction with sodium hydride.

Scheme 1.
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Calix[4]arene 8 with spun substitution type was synthesized as outlined on the Scheme 2. Firstly,

4° with diethylchlorophosphate in the presence of triethylamine. Then, phosphate 6 (ABHH) with proximal
y

position of unsubstituted phenolic moieties, was obtained b

phosphoryl group in 5. The following bromination of the phenolic rings in 6 and hydrolytic cleavage of the
diethoxyphosphoryl group in dibromo derivative 7, led to monoethylcalix[4]arene 8.
Scheme 2.
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i (Et0),P(0)CI 1.23 eq., Et;N 1.23 eq., CHCI;, 60 °C, 6 h; ii n-BuLi (hexane solution, 1.3 ), 1.2 eq., THF,
20°C, 72 h; iii 10% HCL, S eg., CHCl;, 20 °C; iv NBS, 2.1 ¢q., acetone, 20 °C, 12 h; v Li0

[
Taigy &V o INID Ty ek Vi GWRIULIV, LU Ly 141, V¥

reflux, 12 h; vi 10% HCI, 16 eq., CHCl;, 20 °C.
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Calix[4]arene 11 of sann  type was readily obtained by bromination of the para-position of the
phenolic moiety of 1,2-diphosphoryl-3-benzoylcalix[4]arene 9 and successive hydrolytic cleavage of
benzoyl group in monobromo calixarene 10 (Scheme 3).

Scheme 3.

/8.

i Bry, 1.1 eq. CHCI,, 0 °C, 2 h; ii K,CO;, 2 eq., CH;0H/H,0, reflux, 2h; iii 10% HCI, 10 eq., CH,Cl,, 20 °c.

Four pairs of doublets of AX systems of methylene bridge protons Ar,CHj; in 'H NMR spectra of 3, 6-
8, 10, 11° confirm C; symmetry of these compounds. The racemic nature of final products 3, 8, 11 is proved
by doubling of signals of hydrogen and phosphorus atoms in 'H, *'P{'"H} NMR spectra (CDCls) after
addition of chiral soivating Pirkie's reagent (S(+)-2,2,2-trifluoro-1-(9'-anthryl)-ethanol).

The differences of chemical shifts® in each pair of doublets of AX systems of methylene bridge
protons Ar,CH; in 'H NMR spectra correlated by COSY 'H-'H NMR, are within A8 0.80-1.50 ppm and
shifts of carbon atom signals of these groups in *C{'H} NMR spectra’® are in a range of 30.95-32.19 ppm
that point out the cone conformation of the compounds obtained.
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. Kalchenko, V.L; Lipkowski, I.; Simonov, Yu.A.; Vysotsky, M.A.; Suwinska, K.; Dvorkin, A.A.; Pirozhenko, V.V.; Tsymbal,

LF.; Markovsky, L.N. Zh. Obshch. Khim. 1995, 65, 1311-1320 / Russian J. of General Chemistry 1995, 65, 1199-1200. Now

this calixarene is commercially available from Acros Organics.

. Groenen, L.C.; Ruel, B.H.M.; Casnati, A.; Verboom, W.; Pochini, A.; Ungaro, R.; Reinhoudt, D.N. Tetrahedron 1991, 47,
8379-8384.
. All compounds obtained have satisfactory elemental analyses. NMR determinations were carried out on a Varian XL-300

instrument (CDCls, 25 °C). Selected analytical data of new compounds are:

2: m. p. 250-251 °C (ethanol). 'H NMR & 1.36 (t, J = 6.3 Hz, CH,CHs, 12H), 3.43, 4.40 (AXq, J = 14.4 Hz, Ar,CH,, 8H),
4.24 (m, CH,CH;, 8H), 5.3 (5, OH, 2H), 6.80 (m, C¢Hy, 6H), 7.29 (s, CH, 4H).

3: m. p. 90-92 °C (heptane). ‘H NMR 8 1.32, 1.34, 1.37, 1.39 (td, J = 7.2, 1.2 Hz, CH,CH, 3H each), 3.36, 4.20 (AXq,
I—I"}Ql-l7 Ar..(‘H.. ’)N\ 'ZA{\ A(A(AYn I—lddl—l—y Ar,.l"l—L ')H\ ‘%A(\ d('llAYn I—IAII-I'; Ar.{‘u IHY 240 4 00

H,, 2H), 3.40, 4.90
(AXq,J = 13.3 Hz, ArZCL{_z, 2H), 430 (m, CI_J_ZCH,, 8H), 6.68 (: =175 Hz, C6H3, m), 6.91 (ABde, I= 7.2, 0.9 Hz, CgH,,
3H), 6.95 (d, J = 7.8 Hz, C¢Hj, 2H,), 7.06, 7.10 (ABq, J = 2.1 Hz, C¢H,, 2H), 7.06, 7.08 (ABq, J = 2.0 Hz, C¢H,, 2H), 7.40 (br
s, OH, 2H). *C{'H} NMR 5 30.95, 31.14, 32.05, 32.08 (four s, Ar,CH,).

5 m. p. 173-174 °C (CHCly/CH;OH). '"H NMR § 1.39 (t, ] = 7.2 Hz, CH,CH;, 6H), 1.63 (t, J = 7.0 Hz, ArOCH,CH,, 3H),
3.41, 4.12 (AXq, J = 13.0 Hz, Ar,CH,, 4H), 3.50, 4.58 (AXq, J = 13.0 Hz, Ar,CH,, 4H), 4.20 (q, Jux = Jpu = 7.0 Hz, CH,OP,

4H), 4.32 (q, ] = 7.0 Hz, ArOCH, 2H), 6.60-7.20 (m, Ar-H, 12 H).
6: m. p. 203-204 °C (methanol). 'H NMR & 1.25, 1.36 (1d, J = 7.2, 1.2 Hz, CH,CHs, 3H each), 1.77 (t, ] = 7.0 Hz,
ArOCH,CHs, 3H), 3.30, 4.65, (AXq, J = 13.0 Hz, Ar,CH,, 2H), 3.30, 4.18, (AXg, J = 13.0 Hz, Ar,CH,, 2H), 3.47, 3.98,

(AXq, ] = 13.0 Hz, Ar,CH,, 2H), 3. 47 4.75 (AXq, J = 13.0 Hz, Ar,CH,, 2H), 4. 24 4.42(q, Jun =Jeu = 7.0 Hz, CH,OP, 2H
each) 4.43 (q, J = 7.0 Hz, ArOCH; 2H), 6.63, 6.68 (t, ] = 7.8 Hz, C¢Hs, 1H each), 6.74 (t, ] = 6.9 Hz, C¢H;, 1H), 6.80-7.20

QN 220 INNR(c NH 1 aarh)
\ul, \45113, 7 1), 0.07, 1V. U0 3, Iy 111 Laliij.

7:m. p. 222-223 C (methanol). "H NMR & 1.25, 1.36 (1d, ] = 7.2, 1.2 Hz, CH,CHs, 3H each), 1.75 (t, J=7.0 Hz,
ArOCH,CH;, 3H), 3.27, 4.18, (AXq, J = 13.0 Hz, Ar,CH;, 2H), 3.30, 4.18, (AXq, J = 13.0 Hz, Ar,CH,, 2H), 3.41, 4.65,
(AXgq, J = 13.0 Hz, Ar,CH,, 2H), 3.47, 3.98, (AXq, J = 13.0 Hz, Ar,CH,, 2H), 4.24, 4.42 (q, Juu = Jpu = 7.0 Hz, CH,OP, 2H
pnrh\ dd‘lln l—-'lﬂl-h ArOCH, 2H) 680t 1=84Hz C.H. 1HN 890-715(m CH. 7TH) 7.05 720(ARa I=18Hz

vvvvv ANz 200 ), 0.3V L ¢ v ¥idy opaa3y can), O, PAT \EARy WBURTy T KRSy UMy §ukV SRy, 1.0 13,

C6H2, 2H), 8 89 9.88 (s, OH 1H, each).

8: m. p. >250 °C (dec.). '"H NMR & 1.76 (t, ] = 6.9 Hz, CH,CHs, 3H), 3.35, 4.21, (AXq, ] = 14.4 Hz, Ar,CH., 2H), 3.39,

4.41, (AXq, ] = 12.8 Hz, Ar,CH,, 2H), 3.43, 4.21, (AXq, J = 14.0 Hz, Ar,CH,, 2H), 3.52, 4.25, (AXq, J = 13.2 Hz, Ar,CH,,
2H), 4.30 (m, CH,CHs, 2H), 6.73 (t, J = 7.5 Hz, C¢Ha, 1H), 6.93 (t, ] = 7.2 Hz, C¢Hj, 1H), 7.03 (d, J = 7.2 Hz, C4Hs, 1H),
7.00-7.14 (m Ar-H, 5H), 7.10, 7. ]9(ABq,J 2.0 Hz, C¢H,, 2H), 9 21,9.57,9.78 (s, OH 1H, each) ”C{ H} NMR (CDCl;)
8 31.59,31.70, 31. 83 31.88 (fours, Ar,CH,).

i0: m. p. 220-221 °C {ethanol). '"HNMR § 0. 94, 1.29, 1.34, 1.40 (1d, ] = 6.9, 1.0 Hz, CH,CH;, 3H each), 3.30, 4.57

(AXq, J = 14.1 Hz, Ar,CH,, 2H), 3.30, 4.06 (AXq, ] = 14.7 Hz, Ar,CH,, 2H), 3.36, 5.01 (AXq, J = 14.4 Hz, Ar,CH,, 2H),
3.39,4.35 (AXq, J = 13.8 Hz, Ar,CH,, 2H), 3.90 (m, CH,CH3, 2H), 4.22 (m, CH,CH3, 4H), 4.43 (m, CH,CH;, 2H), 6.04 (s
OH, 1H), 6.22, 6.30, 6.34, 6.44 (d, J = 7.5 Hz, C¢H;, 1H each), 6.44, 6.57, 694(t J=7.5 Hz, C{H;, IHeach) 722(d, J=175
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J =72 Hz, CHs, 2H).

11: m. p. 70-72 °C (heptane). '"H NMR & 1.35 (m, CH,CHs, 12 H), 3.35, 4.60 (AXq, J = 13.8 Hz, Ar,CH,, 2H), 3.35,

4.19 (AXq, J = 14.1 Hz, Ar,CH,, 2H), 3.44, 4.94 (AXq, J = 13.5 Hz, Ar,CH,, 2H), 3.48,4.55 (AXq, J = 14.7 Hz, Ar,CH,,
2H), 4.20-4.30 (m, CH-CH;, 8H), 6.67 (t, ] = 6.9 Hz, CHs, 1H), 6.75-7.00 (m, C¢H;, 8H), 7.02, 7.05 (ABg, J = 2.1 Hz, C¢H,

2H), 7.24, 7.47 (br s, OH, 1H, each). ”C{ H} NMR & 31.05, 31.13, 32.11, 32.19 (four s, Ar;QHz)
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