This article was downloaded by: [University of Edinburgh]

On: 07 June 2012, At: 22:50

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic Organic
Chemistry

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/Isyc20

Selective Etherification of

Calix[4]arenes
Wen-Guang Wang # , Qi-Yu Zheng # & Zhi-Tang Huang ®

% Institute of Chemistry, The Chinese Academy of Sciences,
Beijing, 100080, China

Available online: 17 Sep 2007

To cite this article: Wen-Guang Wang, Qi-Yu Zheng & Zhi-Tang Huang (1999): Selective
Etherification of Calix[4]arenes, Synthetic Communications: An International Journal for
Rapid Communication of Synthetic Organic Chemistry, 29:21, 3711-3718

To link to this article: http://dx.doi.org/10.1080/00397919908086010

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever



http://www.tandfonline.com/loi/lsyc20
http://dx.doi.org/10.1080/00397919908086010
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Edinburgh] at 22:50 07 June 2012

caused arising directly or indirectly in connection with or arising out of the use of
this material.




Downloaded by [University of Edinburgh] at 22:50 07 June 2012

SYNTHETIC COMMUNICATIONS, 29(21), 3711-3718 (1999)

SELECTIVE ETHERIFICATION OF CALIX[4]ARENES

Wen-Guang Wang, Qi-Yu Zheng and Zhi-Tang Huang*

Institute of Chemistry, The Chinese Academy of Sciences, Beijing, 100080, China

Abstract: Calix{4]arenes 1 or 2 react with alkyl halides and aqueous potassium
hydroxide in the presence of PEG as phase transfer catalyst at room temperature to
give the selectively distally dietherified product 3 or 4 in excellent yields. While at
the same reaction conditions, calix[8]arene S give the fully etherified product 6.

Calixarenes are cavity containing macrocyclic compounds, and they attract more
interests because of their potential for forming host-guest complexes and acting as
enzyme mimics,"? if appropriately functionalized. The hydroxy! groups of the lower
rim of calixarenes provide obvious sites for the attachment of other functional
groups via ether and ester formation. Etherification, as well as esterification, usually
engages all of the hydroxyl groups of a calixarene regardless of ring size if a
sufficiently reagent is used. However, the selectively functionalized calix[4]arenes,

especially the distally 1 3-dialkylated calix[4]arenes, are useful intermediates.

*To whom correspondence should be addressed.
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Some selective etherification of calix[4]arenes has been reported by reaction with
two equivalents of an alkylating agent in the presence of same equivalent of
potassium carbonate in refluxing acetonitrile or other solvents*'* Herein, we wish
to report a new synthetic method of diistally 1,3-dialkylated calix[4]arenes in a very
mild condition at room temperature in the presence of polyethylene glycol (PEG)
as phase transfer catalyst in excellent yields.

When calix[4]arene (1) and tetra-p-t-butylcalix[4]arene (2) react with methyl
iodide, ethyl iodide, allyl bromide or benzyl bromide and aqueous potassium
hydroxide in chloroform in the presence of PEG as phase transfer catalyst at room
temperature, the distally 1,3-dialkylated calix[4]arenes 3 or 4 are easily obtained in
excellent yields. The structure of 3 or 4 with distal substitution are confirmed by a
pair of doublet of the methylene protons between aromatic rings in the 'H NMR
spectra, and this also shows that the 3 or 4 are in cone conformation.

The advantages of this method for synthesis of distally dialkylated calix(4]arenes

are: unnecessary to control the reagent equivalent, even large excess of alkylated

R
KOH, PEG
+  R— — .
CH: room tcmp.
.
ILR=H 3 R=H
2. R=¢Bu 4 R=1-Bu
3.4 a b c d

R’ CH\ Csz CHzCH=CH2 CH2C6H5
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agent being used, only dialkylated product is formed; the reaction conditions are
very mild (room temperature); simple work-up procedure to obtain pure product;
and the excellent yields.

When calix[8]arene 5 react with alkyl halides at the same conditions mentioned
above, the octaethers of calix[8)larene 6 are obtained in excellent yields. The
structure of 6 are also confirmed by spectroscopic data. The alkylation of
calix[6]arenes at the same conditions result to give a hardly separated reaction
product mixture. This situation is very similar to the esterification of calixarenes
with acyl chlorides in the presence of triethylamine at room temperature.'®

U-{ u-1

KOH. PEG
+ R—X J R ——
CH, room temp. CH;
OH 8 OR' 3
5 6
6 a b ¢ d
R’ CH3 Csz CHzCH=CH2 CHzCsHs

Experimental

Melting point are uncorrected. 'H NMR spectra were recorded with a Varian
Unity 200 spectrometer using CDCl; as solvent. Mass spectra were measured on a
Biflex III instrument. Elemental analyses were performed by the Analytical
Laboratory of the Institute.

Synthesis of 3 and 4, General Procedure:

A mixture of 2.5 mmol of 1 or 2, 1.12 g (20 mmol) of potassium hydroxide in 20



Downloaded by [University of Edinburgh] at 22:50 07 June 2012

3714 WANG, ZHENG, AND HUANG

ml of water, 30 mmol of alky! halide and 5 g of PEG 400 in 30 ml of chloroform
was stirred at room temperature for 20 h. Then the mixture was neutralized with
hydrochioric acid, the chioroform layer was separated, and the water layer was
extracted with chloroform. Combine the chloroform solution and dried. After
removal of most of the solvent, methanol was added to the residue, the product 3
or 4 was obtained in white powder.

23,27-Dimethoxy-26, 28-dihydroxycalix[4]arene (3a); 441

Yield 89% M. p > 300 °C. 'H NMR: & = 7.67 (s, 2H. OH), 6.50-7.15 (m, 12H,
Ar-H), 431 (d, 4H), 3.39 (d, 4H) (ArCH,Ar), 3.97 (s, 6H, CH,).
25,27-Diethoxy-26,28-dihydroxycalix{4]arene (3b): *

Yield: 94%. M. p > 260 °C. '"H NMR; § = 7.69 (s, 2H, OH), 6.90-7.15 (m, 12H,
Ar-H), 4.31 (d, 4H), 3.38 (d, 4H) (ArCH,Ar), 4.14 (q, 4H, CH,CH,), 1.74 (t, 6H,
CH,CH,).

25,27-Diallyloxy-26,28-dihydroxycalix[4]arene (3c): *’

Yield: 91%. M. p. 145-147 °C. 'H NMR: & = 7.90 (s, 2H, OH), 6.60-7.05 (m,
12H, Ar-H), 4.30 (d, 4H), 3.37 (d, 4H) (ArCH,Ar), 6.15-6.35 (m, 2H, CH=CH,),
5.77 (dd, 2H), 5 39 (dd, 2H) (CH=CH,), 4.52 (d, 4H, CH;-CH=CHy,).
25,27-Dibenzyloxy-26, 28-dihydroxycalix{4 Jarene (3d): *™*

Yield: 87%. M p. 219-221 °C. '"H NMR: & = 7.74 (s, 2H, OH), 6.65-7.70 (m,
22H, Ar-H), 432 (d, 4H), 3.32 (d, 4H) (ArCH,Ar), 5.05 (s, 4H, CH,C.Hs).
3.11,17,23-Tetra-tert-butyl-25, 2 7-dimethoxy-26, 28-dihydroxycalix[ 4 Jarene

(da): 3704
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Yield: 92%. M. p. > 300 °C. '"HNMR: & = 7.16 (s, 2H, OH), 7.02 (s, 4H), 6.72 (s,
4H) (Ar-H), 4.27 (d, 4H), 3.30 (d, 4H) (ArCH,Ar), 1.30 (s, 18H), 0.92 (s, 18H),
(C(CHs)3), 3.90 (s, 6H, CH,).

5,11,17,23-Tetra-tert-butyl-235,27-diethoxy-26, 28-dihydroxycalix{4]arene

(4b): *7

Yield: 95%. M. p. 273-275 °C. 'H NMR: § = 7.56 (s, 2H, OH), 7.02 (s, 4H), 6.83
(s, 4H) (Ar-H), 4.33 (d, 4H), 3.30 (d, 4H) (ArCH>Ar), 1.32 (s, 18H), 0.97 (s,
18H), (C(CH:);). 4.08 (q. 4H, CH-CH;), 1.60 (1, 6H, CH,CH:).
5,11,17,23-Tetra-tert-butyl-25,27-diallyloxy-26, 28-dihydroxycalix{+4]arene

(4c):

Yield: 94%. M. p. 180-182 °C. '"H NMR: § = 7.47 (s, 2H, OH), 7.04 (s, 4H), 6.82
(s, 4H) (Ar-H), 4.28 (d. 4H), 3.30 (d, 4H) (ArCH,Ar), 1.28 (s, 18H), 0.96 (s,
18H), (C(CH:)3), 6.16-6.36 (m, 2H, CH=CH,), 5.72 (dd, 2H), 5.37 (dd, 2H)
(CH=CH,), 4.54 (d, 4H, CH,-CH=CH,). MS (MALDI-TOF): m/z = 750.37 ((M-
17+Na"). Anal. cacld. for CsoHg Oy C, 82.37; H, 8.85. Found: C, 82.35; H, 8.78.
5,11,17,23-Tetra-tert-butyl-25,27-diallyloxy-26, 28-dihydroxycalix{4 Jarene

(4d): 112

Yield: 90%. M. p. 214-216 °C. '"H NMR: § = 7.19 (s, 2H, OH), 7.03 (s, 4H), 6.77
(s, 4H) (Ar-H), 4.28 (d, 4H), 3.41 (d, 4H) (ArCH,Ar), 1.29 (s, 18H), 0.94 (s,
18H), (C(CHs)), 6.90-7.35 (m, 10H, CH,C4Hs), 5.05 (s, 4H, CH,CsHs).

Synthesis of 6, General Procedure:

A mixture of 1.30 g ( 1 mmol) of § in 20 ml of chloroform, 0.67 g (12 mmol) of

potassium hydroxide in 20 ml of water, 5 g of PEG 400 and 24 mmol of alkyl
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halide was stirred at room temperature for 20 h, and worked up as above-
mentioned procedure.
5,11,17,23,29,35,41,47-Octa-tert-butyl-49,50,51,52,33,54,55,56-octamethoxy-
calix[8)arene (6a); '*"

Yield: 92%. M p 274-276 °C. 'H NMR: & = 6.85 (s, 16H, Ar-H), 3.94 (s, 16H,
ArCH,Ar), 1.13 (s, 72H, C(CH,):), 3.40 (s, 24H, CH,).

5,11,17,23,29,35 41, 47-Octa-tert-butyl-49,50,51,52,53,54,55,56-octaethoxy-
calix(8]arene (6b): %!

Yield: 94%. M. p. > 260 °C. 'H NMR: & = 6.85 (s, 16H, Ar-H), 3.96 (s, 16H,
ArCH,Ar), 1.14 (s, 72H, C(CH,)), 3.48 (q, 16H, CH,CH;), 1.70 (1, 24H,
CH,CH;).
5,11,17,23,29,35,41,47-Octa-tert-butyl-49,50,51,52,53,54,55,56-octaallyloxy-
calix{8]arene (6¢):

Yield: 89%. M. p 215-217 °C. 'H NMR: § = 6.85 (s, 16H, Ar-H), 4.00 (s, 16H,
ArCH,Ar), 1.08 (s, 72H, C(CH-);), 5.65-5.85 (m, 8H, CH=CH,), 5.03 (dd, 8H),
4.85 (dd, 8H) (CH=CH,), 3.95 (d, 16H, CH,-CH=CH,). MS (MALDI-TOF): m/z
= 1656.9 (M"+K"). Anal. cacld. for C);2H,,,0s: C, 83.12; H, 8.97. Found: C,
8208, H, 8.95.

5,11,17,23,29,35 41,47-Octa-tert-butyl-49,50,51,52,53,54,35 5 6-octabenzyloxy-
calix[8 Jarene (6d): "*"°

Yield: 91%. M. p. 216-218 °C. 'H NMR: 8 = 6.80-7.20 (m, 56H, Ar-H), 4.06 (s,

16H, ArCH-Ar), 1.01 (s, 72H, C(CH:)s), 4.46 (s, 16H, CH,C¢Hs).
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