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Graphical Abstract

Synthesis and I nvestigation of Catalytic Affinities of Water-soluble Amphiphilic Calix[n]arene Surfactantsin
the Coupling Reaction of Some Heter oar omatic Compounds
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ABSTRACT

Six water-soluble calix[n]arene-based Brgnsted-agié catalysts with amphiphilic groups
were successfully synthesized by incorporatingosiutf acid moieties. Their structures were
characterized using FTIRM-NMR, *C-NMR, APT-NMR, and elemental analysis
techniques. Moreover, their catalytic capabilitiesre evaluated in the coupling reaction of 2-
methylfuran and/oN-methylindole with someec-alcohols in aqueous media. The association
of their surfactant abilities, and the effects @afte&r amount used and reaction durations on the
catalytic activities of these amphiphilic calix[rg@e derivatives were also investigated.
Observations indicated that these amphiphilic gajatene catalysts exhibited high catalytic
activities in the coupling reactions of 2-methydarandN-methyl indole with some alcohols

in water.
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1. Introduction

Reactions involving carbon-carbon bond formati@mr frenes and heteroarenes
represent a substantial approach for the efficfabtication of diversely functionalized
complex compounds such as dyestuffs, perfumes,orav agricultural aids, and
pharmaceuticals® In traditional methods, carbon-carbon bond foromatis carried out
through the reaction between an electrophile (C<Xtriflate, halide, mesylate, etc.) with a
reactive center of arenes or heteroarenes in #sepce of a metallic/organometallic readent.
However, owing to toxicity, a limited number of ftronal group tolerance, and the poor
water-solubility of most metallic/organometallicagents, developing a reaction for C-C bond
construction for arenes/heteroarenes using an @lcak an electrophile in water is a
challenge"® To perform this kind of reaction, a water-solubigjanic-based catalyst with
excellent reusability, which catalyzes the coupliegction by reducing activation energy, is a
requirement in terms of environmental toxicology.

Calixarenes, known as the third generation of amptecules, represent very useful
building blocks in that they possess tunable affiféréint cavity sizes and exhibit versatile
applications in supramolecular chemist’y. Because of their easy synthesis,
functionalization, and special properties such asgify different-sized cavities, including
hydrophilic -OH moieties at their lower rim and mggdhobic aromatic subunits along with
tert-butyl groups, attempts to design and synthesrsewf calix[n]arene derivatives have been
made!'™* It has been reported lately that some of the waikible calix[n]arene derivatives
acting as surfactant-type Brgnsted acid catalydtgaged substantial catalytic abilities for C-
C bond formatior®*°4

With the goal of translating in aqueous media sarganic reactions requiring the
usage of a catalyst, in our previous study we ltgigned-sulfonatocalix[n]arenes (n=4, 6
and 8) as a catalyst for the alkylation of 2-médtmgan andN-methylindole with some

alcohols®® We have preliminarily taken a strategy involvitg tintroduction of hydrophobic
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groups with different straight alkyl chains to Bsted acid-type calix[n]arene derivatives in
order to investigate the effects of amphiphilic gy® on the catalytic efficacies of water-
soluble calixarenes. Thus, six water-soluble podabdaring a calix[n]arene backbone with
various amphiphilic groups at the lower rim, weresessfully synthesized. Furthermore,
their catalytic activities were evaluated for thestftime in the coupling reaction of 4,4'-
dimethoxybenzhydrol and/or (E)-trans-1,3-diphemydf@pen-1-ol with 2-methyl furan and/or

N-methylindole in water without co-solvents.
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Scheme 1Synthesis oBrgnsted acid-type calix[4]arene derivatives. Reaatonditions; i)
HCHO, NaOH,; ii) AICEk, phenol; iii) 1,3-propanesultone, NaH; iv)$0y; v) propyliodide,

NaH; vi) propylbromide, NaOH.

2. Results and discussion



2.1. Synthesis and characterizations of water-soll# calix[n]arene derivatives

(11)

Scheme 2Synthesis oBrgnsted acid-type calix[6]arene derivatives. Reaatonditions; i)
HCHO, KOH; ii) AICls, phenol; iii) HSOy; iv) propylbromide, NaOH; v); dodecyliodide,

NaOH.

With the aim of developing new water-soluble oligdrased catalysts, a large number
of studies have been published in the last few @ex3**®In our previous study, catalytic

capabilities ofp-sulfonatocalix[n]arenes (n=4, 6 or 8) were evadah the coupling reactions
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of some electron-rich arenes wishc-alcohols in watef® Inspired by our result§,in this
study we investigated the effects of hydrophobiougs of amphiphilic calix[n]arene
derivatives. For this purpose, six water-solublelguls, including calix[n]arene backbones
bearing different lipophilic subunits, were syntaed and characterized in order to
investigate their catalytic efficiencies in the pbng reactions for 4,4'-dimethoxybenzhydrol
and/or (E)-trans-1,3-diphenyl-2-propen-1-ol withm2thyl furan and/omMN-methylindole in
water without co-solvents. Thusp-tert-Butylcalix[4]arene 1), calix[4]arene 2),
calix[4]aryloxy-25,26,27,28-tetrakis(propane-3-sulic acid) 8), calix[4]arenep-sulfonate
(4), 25,26,27,28-tetrakis(propoxy)calix[4]aren®),( 5,11,17,23-tetrasulfonato-25,26,27,28-
tetrakis(propoxy)calix[4]arene 6), p-tert-butylcalix[6]arene T), calix[6]arene &),
calix[6]arenep-sulfonate 9), 5,11,17,23,29,35-hexasulfonato-37,38,39,40,41,42
hexakis(dodecyloxy)calix[6]arenell), p-tert-butylcalix[8]arene 12), calix[8]arene 13),
calix[8]arenep-sulfonatel4), 5,11,17,23,29,35,41,47-octasulfonato-49,50,55%54,55,56-
octakis(dodecyloxy)calix[8]arene 16) were synthesized according to literature
procedureS*2® (Schemes 1-3). FTIR'H-NMR, *C-NMR spectroscopy and elemental
analysis techniques were performed to charactetiee structures of the synthesized
compounds. However, 5,11,17,23,29,35-hexasulfof@}88,39,40,41,42-
hexakis(propoxy)calix[6]arene 10 and 5,11,17,23,29,35,41,47-octasulfonato-
49,50,51,52,53,54,55,56-0ctakis(propoxy)calix[8fere(l5) were synthesized for the first
time (Schemes 2 and 3). Typically, an aqueous solutfaralix[6]arenep-hexasulfonate9)
was treated with propyl bromide and NaOH in DMSdfording amphiphilic p-
sulfonatocalix[6]arend 0, concurrently appended with the hydrophobic praghdins at the
lower rim of p-sulfonatocalix[6]arene with a yield of 58% (Sche&)eAn FT-IR spectrum of
10 confirmed the existence of sulfonate groups incwluharacteristic peaks for the stretching
vibrations of S-O, the symmetric and asymmetriaations of the S@bands of derivative

10, appeared at 861, 1050, 1163, and 1111, eespectively (see Supporting information).
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The 'H-NMR spectrum of amphiphilip-sulfonatocalix[6]arenél0 showed that the
hydrophobic subunits were successfully attachedht® p-sulfonatocalix[6]arene, which
resonances at 0.88-1.27 (18H), 1.62-2.01 (12H),4298-4.61 (12H) ppm for the protons of
the -CH, -CH,, and -OCH groups, respectively (see Supporting informatidie APT**C-
NMR spectrum of derivativéO clearly showed that the peaks at the positiveoregelonging

to the -CH and -CH groups appeared at 9.81 and 124.99-12®m7

SOMNa
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Figure 1. APT-NMR (D,O) spectrum of amphiphilic hexapropoxsulfonatocalix[6]arene
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Scheme 3.Synthesis of Brgnsted acid-type calix[8]arene\dgives. Reaction conditions; i)
paraformaldehyde, NaOH; ii) Algl phenol; iii) BSQy; iv) propylbromide, NaOH; v);

dodecyliodide, NaOH.

The substitution of calix[8]arengsulfonate {4) at the lower rim was conducted with
propyl bromide and NaOH in a mixture ob,®/ DMSO to afford 5,11,17,23,29,35,41,47-
octasulfonato-49,50,51,52,53,54,55,56-octakis(pxgpmalix[8]arene {5) with a yield of

48% (see Scheme 3). The structure of amphippialfonatocalix[8]arené4 was confirmed

v



not only by the appearance of notably characteriBipeaks at 1175, 1050, and 879 cfor
the asymmetric and symmetric vibrations of the $@nds, and the stretching vibrations of S-
O, respectively on the FT-IR spectrum (see Suppgrinformation), but also by the
appearance of the peaks at 0.42-0.87 (24Hz)@hd the peaks of -CHwhich belong to the
propyl moieties on thtH-NMR spectrum (see Supporting information).

APT-"*C-NMR experiment provided valuable information abthe type of C atoms
for amphiphilicp-sulfonatocalix[8]arené4 (see Fig. 2). On the APT spectrum, the peaks for
the -CH and -CH groups appeared at 9.89 and 126.26 pphegiositive region, while the

peaks for the -Chand quaternary C groups appeared at the negatijer.

SO.Na

ppm {t1)

Figure 2. APT-NMR (D.O) spectrum of amphiphilic octapropoxysulfonatocalix[8]arene

15.

2.2. Evaluation of catalytic efficiencies of amphibpilic calix[n]arene derivatives



In our previous studyp-sulfonatocalix[n]arenes (n= 4,6 and 8) were use8m@nsted
acid type catalysts in the coupling reaction far'-djmethoxybenzhydrol and/cE)-trans-1,3-
diphenyl-2-propen-1-ol with 2-methyl furan and/dNrmethylindole in water without co-
solvents™ It was observed that calix[n]arene sulfonic adikhibited substantial catalytic
activity for the substitution reactions. This studymed to provide an insight into how
hydrophobic groups affected the catalytic propsertté# water-soluble calixarenes in the
coupling reaction forsec-alcohols with some heteroaromatic compounds. Thues, are
interested, for the first time, in a study on tlagatytic capabilities of six different amphiphilic
water-soluble calix[n]arene derivatives in watehiethh have comprehensive prospects in
green synthesis. Considering that C-C bond formata heteroaromatic compounds has
important applications in the fabrication of dydfsuperfumes, flavors, agricultural aids,
pharmaceuticals, et?? the replacement aec-alcohol -OH by aromatic compounds in the
coupling reaction of 2-methylfuran d-methylindole at 5°C in water was chosen as a
substitution reaction system to determine the y#talefficacies of six amphiphilic
calix[n]arene derivatives. From the experimentaltes presented in Tables 1, 2 and 3, it can
be seen that the corresponding produd@a{b and 21a-b were not synthesized when
calixarene based catalyst was not added. HoweveenvBBrgnsted acid-type calix[n]arene
derivatives Calix-6, Calix-10, Calix-11, Calix-15, or Calix-16) were employed as catalysts,
the corresponding product$9a-b and21la-b) were isolated in good to excellent yields (see
Tables 1-3), whereas the lowest yields of the spwading productsl@a-b and21a-b) were
obtained when Brgnsted acid-type calix[n]arenevaginie Calix-3) was used as a catalyst.
To determine the effects on the reaction by chanpgme amount of water used and reaction

durations, various water amounts and differenttreaclurations were also performed.



Table 1. The coupling reaction df7a-bwith 18in H,O

/  © o~
Q Q > - (D
OH
17a 7
Cahx Cat. ~o o Calix-Cat. /N O

— H,0, 50°C, 150 rpm H,0, 50°C, 150 rpm
19a 19b

Entry Catalyst Catalyst loading Ar-H sec-Alcohol Time (h) HO (mL) Product Yield (96)

1 Calix-3 5 mol% 17a 18 15 2 19a 22
2 Calix-3 5 mol% 17a 18 30 1 19a 32
3 Calix-3 5 mol% 17a 18 30 1 19a 36
4 Calix-11  5mol% 17a 18 15 0.5 19a 46
5 Calix-11  5mol% 17a 18 15 1 19a 78
6 Calix-11  5mol% 17a 18 15 2 19a 54
7 Calix-11  5mol% 17a 18 30 1 19a 84
8 Calix-16 5 mol% 17a 18 15 0.5 19a 33
9 Calix-16 5 mol% 17a 18 15 1 19a 100
10 Calix-16 5 mol% 17a 18 15 2 19a 42
11 Calix-4° 5 mol% 17a 18 15 1 19a 50
12 Calix-9" 5 mol% 17a 18 15 1 19a 62
13 Calix-14° 5 mol% 17a 18 15 1 19a 97
14 Calix-3 5 mol% 17b 18 24 1 19b 71
15 Calix-3 5 mol% 17b 18 24 2 19b 74
16 Calix-6 5 mol% 17b 18 24 1 19b 88
17 Calix-6 5 mol% 17b 18 24 2 19b 100
18 Calix-10 5 mol% 17b 18 24 1 19b 88
19 Calix-10 5 mol% 17b 18 24 2 19b 66
20 Calix-11  5mol% 17b 18 24 1 19b 85
21 Calix-11  5mol% 17b 18 24 2 19b 77
22 Calix-15 5 mol% 17b 18 24 1 19b 89
23 Calix-15 5 mol% 17b 18 24 2 19b 87
24 Calix-16 5 mol% 17b 18 24 1 19b 85
25 Calix-16 5 mol% 17b 18 24 2 19b 77
26 Calix-4° 5 mol% 17b 18 24 1 19b 63
27 Calix-9" 5 mol% 17b 18 24 1 19b 63
28 Calix-14° 5 mol% 17b 18 24 1 19b 28
29 none - 17a 18 48 lor2 19a

30 none - 17b 18 48 lor2 19b 0
®Reaction conditionst 7a-b (0.18 mmol),18 (22 mg, 0.09 mmol); isolated yield.

"Referenc

10



The yields of product9ain the presence of catalystalix-11 andCalix-16 were as
high as 84% and 100% in entries 7 and 9, respégtiire addition, the maximum vyields of
product19b in the presence of catalystslix-3, Calix-6, Calix-10, Calix-11, Calix-15, and
Calix-16 were observed as 74, 100, 88, 85, 89 and 85%treeri5, 17, 18, 20, 22, and 24,

respectively (see Table 1).

Table. 2The coupling reaction df7awith 20 in H,O

or SO e
/ N @7 Calix-Cat.
/ 0

17a H,0, 50°C, 150 rpm _

20 2la
Entry Catalyst Catalyst loading Ar-H sec-Alcohol  Time/h HO/mL  Product Yield (%)
1 Calix-6 5 mol% 17a 20 61 1 2la 77
2 Calix-6 5 mol% 17a 20 61 2 2la 95
3 Calix-6 5 mol% 17a 20 86 1 2la 100
4 Calix-10 5 mol% 17a 20 61 1 2la 54
5 Calix-10 5 mol% 17a 20 61 2 2la 87
6 Calix-10 5 mol% 17a 20 86 1 2la 100
7 Calix-11 5 mol% 17a 20 61 1 2la 45
8 Calix-11 5 mol% 17a 20 61 2 2la 87
9 Calix-11 5 mol% 17a 20 86 1 2la 57
10 Calix-15 5 mol% 17a 20 61 1 2la 46
11 Calix-15 5 mol% 17a 20 86 1 2la 58
12 Calix-16 5 mol% 17a 20 61 1 2la 45
13 Calix-16 5 mol% 17a 20 61 2 2la 87
14 Calix-16 5 mol% 17a 20 86 1 2la 57
15 Calix-4° 5 mol% 17a 20 61 2 21a 81
16 Calix-9" 5 mol% 17a 20 61 2 21a 86
17 Calix-14° 5 mol% 17a 20 61 1 21a 42
18 None - 17a 20 86 lor2 2la 0
*Reaction conditionst7a (0.18 mmol),20 (19 mg, 0.09 mmol). Isolated yield.
"Referenc#

The experimental results, which were obtained fribba coupling reactions of 2-

methylfuran orN-methylindolewith (E)-trans-1,3-diphenyl-2-propen-1-ai the presence of
11



water-soluble calix[n]arene catalysts, are depiatedrables 2 and 3. AlthougRalix-15
catalyzed this coupling reaction to afford prod2ta with a yield of 58%, this percentage is
the lowest percentage yield when compared withyiblels achieved by the results of the rest
of the catalysts (see Table 2). Whealix-6, Calix-10, Calix-11, or Calix-16 were used as
catalysts, the maximum vyields for prodi&ta were as high as 100, 100, 87, and 87% in
entries 3, 6, 7, and 13, respectively. In addititve, maximum yields of produ@lb in the
presence of catalyst€alix-3, Calix-6, Calix-10, Calix-11, Calix-15, or Calix-16 were
observed as 87, 100, 100, 100, 100, and 100% mesI#, 6, 9, 12, 16, and 19, respectively
(see Table 3). It can be concluded that Brgnstad-tgoe amphiphilic calix[n]arene
derivatives exhibited excellent catalytic activsti|or coupling reactions of 2-methylfuran or
N-methylindole in water. Moreover, the results casoae summarized that the catalytic
abilities of calixarene-based catalysts were ireedawhen the long alkyl groups such as
dodecyl moieties attached to the lower rim of dalarenes. In addition, reaction durations

and amount of water also affected the yields ofptfeglucts.
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Table.3 The coupling reaction df7b with 20in Water

OH / O G ‘
7 N Calix-Cat.
+ / 7
H,0, 50°C, 150 rpm O

20 17b N
21b

Entry Catalyst Catalyst loading Ar-H sec-Alcohol  Time/h HO/mL  Product Yield (9%6)
1 Calix-3 5 mol% 17b 20 15 1 21b 82
2 Calix-3 5 mol% 17b 20 61 1 21b 87
3 Calix-3 5 mol% 17b 20 61 2 21b 43
4 Calix-6 5 mol% 17b 20 6 1 21b 89
5 Calix-6 5 mol% 17b 20 15 1 21b 99
6 Calix-6 5 mol% 17b 20 61 1 21b 100
7 Calix-6 5 mol% 17b 20 61 2 21b 100
8 Calix-10 5 mol% 17b 20 15 1 21b 85
9 Calix-10 5 mol% 17b 20 61 1 21b 100
10 Calix-10 5 mol% 17b 20 61 2 21b 100
11 Calix-11 5 mol% 17b 20 15 1 21b 49
12 Calix-11 5 mol% 17b 20 61 1 21b 100
13 Calix-11 5 mol% 17b 20 61 2 21b 100
14 Calix-15 5 mol% 17b 20 6 1 21b 90
15 Calix-15 5 mol% 17b 20 15 1 21b 95
16 Calix-15 5 mol% 17b 20 61 1 21b 100
17 Calix-15 5 mol% 17b 20 61 2 21b 100
18 Calix-16 5 mol% 17b 20 15 1 21b 49
19 Calix-16 5 mol% 17b 20 61 1 21b 100
20 Calix-16 5 mol% 17b 20 61 2 21b 100
21 Calix-4° 5 mol% 17b 20 15 1 21b 96
22 Calix-9" 5 mol% 17b 20 15 1 21b 23
23 Calix-14° 5 mol% 17b 20 15 1 21b 74
24 None - 17b 20 86 lor2 21b 0
*Reaction conditionstOa-b(0.18 mmol),13 (19 mg, 0.09 mmol). Isolated yield.
"Referenc#

3. Conclusion
In summary, six Brgnsted acid-type amphiphilic x{aljarene derivatives were
synthesized and characterized. Moreover, these ighipt calix[n]arene derivatives were

employed as catalysts in a coupling reaction ofeéhyifuran orN-methylindole with two
13



activatedsec-alcohols in water. The experiments of aromaticssitution catalysis in agueous
media reflected these amphiphilic calix[n]arenealysts possessed excellent catalytic
capabilities. Especially, long alkyl groups attathe the lower rim of calix[n]arenes the
catalytic efficacy of calixarene were dramaticatligreased. Worthy of note is the fact that
this effective catalysis system provided by six hipbilic calix[n]arene catalysts for C-C

bond formation reactions in water may open potéptiaspects in ‘green’ synthesis.

4. Experimental

4.1. General

Melting points of the synthesized compounds wasrdahed using an Ez-Melt apparatus in a
sealed capillary. FTIR and NMR spectra were reabrale a Perkin-Elmer 100 spectrometer
and a Varian 400 MHz spectrometer, respectivelentental analyses were performed at

Leco CHNS-932 analyzer.

4.2. Synthesis

p-tert-Butylcalix[4]arene {), calix[4]arene 2), calix[4]aryloxy-25,26,27,28-
tetrakis(propane-3-sulfonic  acid) 3)( calix[4]arenep-sulfonate (4), 25,26,27,28-
tetrakis(propoxy)calix[4]arene 5], 5,11,17,23-tetrasulfonato-25,26,27,28-
tetrakis(propoxy)calix[4]arene 6), p-tert-butylcalix[6]arene T), calix[6]arene &),
calix[6]arenep-sulfonate (9, 5,11,17,23,29,35-hexasulfonato-37,38,39,40,41,42
hexakis(dodecyloxy)calix[6]arenell), p-tert-butylcalix[8]arene 12), calix[8]arene 13),
calix[8]arenep-sulfonatel4), 5,11,17,23,29,35,41,47-octasulfonato-49,50,55%84,55,56-
octakis(dodecyloxy)calix[8]arene 1§) were synthesized according to the literature
procedurg>*9%3 5,11,17,23,29,35-Hexasulfonato-37,38,39,40,41,42-

hexakis(propoxy)calix[6]arene 10 and 5,11,17,23,29,35,41,47-octasulfonato-

14



49,50,51,52,53,54,55,56-0ctakis(propoxy)calix[Sfere(l5) were synthesized for the first

time.

42.1. Synthesis of 5,11,17,23-Tetrasulfonato-25,26,27,28-tetr akis(propoxy)calix| 4] arene
(6).21

Method 1; A mixture of 5 (0.2 g, 0.269 mmol) in,BO, (2.5 mL) was stirred at rt for
10 min. A precipitate was formed by addition ofasge amount of ED, filtered and dried.
White colored product was obtained in 69% vyield.

Method 2; Calix[4]arenep-sulfonate 4) (0.2 g, 0.269 mmol) O (1.5 mL) containing
NaOH (0.23 g, 5.802 mmol) and propyl bromide (0.8, 13.303 mmol) in DMSO (10 mL)
was mixed, and the reaction mixture was heated &€dor 30 h. After cooling, the solution
was precipitated by addition of acetone, filtered dried. White powder was synthesized in
99% yield. Melting points >356C. FTIR (ATR) cn: 1639 {/20), 1594, 1462 ve 1301
(Ve=0), 1175 Wso2 asymmetric), 1044\so2 symmetric) and 797MVe.0). *H-NMR (400 MHz,
D,0): 6 0.87 (t, 12H,J= 7.6 Hz, -CH), 1.81-1.86 (m, 8H, -CH), 3.25 (d, 4HJ= 13.2 Hz,
Ar-CH.-Ar), 3.73 (t, 8H,J= 7.2 Hz, O-CH+), 4.25 (d, 4HJ= 13.2 Hz, Ar-CH-Ar), 7.16 (s,
8H, ArH). **C-NMR (100 MHz, DO): 6 10.12, 23.05, 31.80, 76.99, 125.92, 133.76, 137.19,
155.61. Anal. Calcd. For 4H440165: Nay'4H,0 (%): C, 44.03; H, 4.99; S, 11.76. Found (%);

C,44.10; H, 4.88; S, 11.83.

4.2.2. Synthesis of 5,11,17,23,29,35-hexasul fonato-37,38,39,40,41,42-
hexakis(propoxy)calix[ 6] arene (10). Calix[6]arene-p-hexasulfonate (9) (0.2 g, 0.179 nmo
H,O (5 mL) containing NaOH (0.24 g, 5.907 mmol) waged a solution of propyl bromide
(0.3 mL, 3.043 mmol) in DMSO (20 mL), and the miewas stirred at 8%C for 30 min.

After cooling, a precipitate was formed by additmhacetone, and filtered. The residue was

15



recrystallized from MeOH, and dried. Yield: 58%,pm>350°C. FTIR (ATR) cm": 1630
(Vh20), 1407 We=c), 1163, 1111 \(so. asymmetric), 1050Mso, symmetric) and 861Vk.o).
H-NMR (400 MHz, BO): 5 0.88-1.27 (m, 18H, -C§), 1.62-2.01 (m, 12H, -CH), 3.77-3.97
(m, 12H, Ar-CH-Ar), 4.25-4.61 (m, 12H, O-CH), 7.69-8.04 (m, 12H, ArH)**C-NMR (100
MHz, D;O): ¢ 9.81, 21.90-22.70, 38.52, 75.53, 124.95-125.77,962830.15, 135.01-137.69,
156.38. Anal. Calcd. FordgHgsO245Nas'6H,0 (%): C, 44.77; H, 4.88; S, 11.95. Found (%);

C,44.71, H, 4.91; S, 12.07.

4.2.3. Synthesis of 5,11,17,23,29,35,41,47-octasulfonato-49,50,51,52,53,54,55,56-
octakis(propoxy)calix[ 8] arene (15). Calix[8]arenep-sulfonate {4) (0.2 g, 0.134 mmol) O

(5 mL) containing NaOH (0.24 g, 5.907 mmol) andgyl bromide (0.3 mL, 3.043 mmol) in
DMSO (20 mL) was mixed, and the reaction mixturesvineated at 88C for 30 h. After
cooling, the solution was precipitated by additmfnacetone, and filtered. The residue was
recrystallized from MeOH and dried. White powdersvegnthesized in 48% yield, m.p. >350
°C. FTIR (ATR) cm* 1413 ¥c=0), 1175 Wso2 asymmetric), 1050Mso, Symmetric) and 879
(Vs-0). H-NMR (400 MHz, BO): 5 0.42-0.87 (m, 24H, -C¥), 1.73 (brs, 16H, -CH), 3.65-
3.93 (m, 32H, Ar-CHAr ve O-CH-), 7.09-7.48 (m, 16H, ArH)*C-NMR (100 MHz, BO):

0 9.89, 22.76, 3855, 74.74, 126.26, 134.17, 137.167.37. Anal. Calcd. For
CgoHss03.SNag 8H,0 (%): C, 44.77; H, 4.88; S, 11.95. Found (%); €,64; H, 4.85; S,

12.07.

4.3. Typical procedure for nucleophilic substitutiois of two sec-alcohols in the presence
of Brgnsted acid-type calix[n]arene catalysts

A previously reported literature procedure wasfqered****?* Typically, to a
solution of catalyst in water (as listed in thel¢sl were addedec-alcohol (L8 or 20) and a

hetero-aromatic compound7ab). The reaction mixture was stirred vigorously at°6 for
16



the period of time indicated in the tables. It isrth noting that water soluble catalysts were
separaed by centrifugation of the mixture in otdeuse next reactions. Then, the mixture was
treated with NaHC@aq. and extracted by . The organic phase was washed wit®Ho
adjust pH to 7, and dried over anhydrous MgS&hd evaporated under reduced pressure to

obtain the crude product that was purified by calushromatography.
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Figure captions:

Figure 1. APT-"*C-NMR (D,O) spectrum of amphiphilic hexapropoxy-
sulfonatocalix[6]arenéO.

Figure 2. APT-C-NMR (D,O) spectrum of amphiphilic octapropoxy-
sulfonatocalix[8]arené5.

Scheme 1Synthesis oBrgnsted acid-type calix[4]arene derivatives. Reaatonditions; i)
HCHO, NaOH; ii) AICk, phenol; iii) 1,3-propanesultone, NaH; iv)}$0y; v) propyliodide,
NaH; vi) propylbromide, NaOH.

Scheme 2Synthesis oBrgnsted acid-type calix[6]arene derivatives. Reaatonditions; i)
HCHO, KOH; ii) AICl3, phenol; iii) HSOy; iv) propylbromide, NaOH; v); dodecyliodide,
NaOH.

Scheme 3.Synthesis of Brgnsted acid-type calix[8]arenevd¢ives. Reaction conditions; i)
paraformaldehyde, NaOH; ii) Algl phenol; iii) BSQy; iv) propylbromide, NaOH; v);

dodecyliodide, NaOH.
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Table 1. The coupling reaction df7a-bwith 18in H,O

/ O O
Q Q S - (D .
OH
17a 7
Cahx Cat. ~o o Calix-Cat. /N O

— H,0, 50°C, 150 rpm H,0, 50°C, 150 rpm
19a 19b

Entry Catalyst Catalyst loading Ar-H sec-Alcohol  Time (h) HO (mL) Product Yield (96)

1 Calix-3 5 mol% 17a 18 15 2 19a 22
2 Calix-3 5 mol% 17a 18 30 1 19a 32
3 Calix-3 5 mol% 17a 18 30 1 19a 36
4 Calix-11  5mol% 17a 18 15 0.5 19a 46
5 Calix-11  5mol% 17a 18 15 1 19a 78
6 Calix-11  5mol% 17a 18 15 2 19a 54
7 Calix-11  5mol% 17a 18 30 1 19a 84
8 Calix-16 5 mol% 17a 18 15 0.5 19a 33
9 Calix-16 5 mol% 17a 18 15 1 19a 100
10 Calix-16 5 mol% 17a 18 15 2 19a 42
11 Calix-4° 5 mol% 17a 18 15 1 19a 50
12 Calix-9" 5 mol% 17a 18 15 1 19a 62
13 Calix-14° 5 mol% 17a 18 15 1 19a 97
14 Calix-3 5 mol% 17b 18 24 1 19b 71
15 Calix-3 5 mol% 17b 18 24 2 19b 74
16 Calix-6 5 mol% 17b 18 24 1 19b 88
17 Calix-6 5 mol% 17b 18 24 2 19b 100
18 Calix-10 5 mol% 17b 18 24 1 19b 88
19 Calix-10 5 mol% 17b 18 24 2 19b 66
20 Calix-11  5mol% 17b 18 24 1 19b 85
21 Calix-11  5mol% 17b 18 24 2 19b 77
22 Calix-15 5 mol% 17b 18 24 1 19b 89
23 Calix-15 5 mol% 17b 18 24 2 19b 87
24 Calix-16 5 mol% 17b 18 24 1 19b 85
25 Calix-16 5 mol% 17b 18 24 2 19b 77
26 Calix-4° 5 mol% 17b 18 24 1 19b 63
27 Calix-9" 5 mol% 17b 18 24 1 19b 63
28 Calix-14° 5 mol% 17b 18 24 1 19b 28
29 none - 17a 18 48 lor2 19a 0
30 none - 17b 18 48 lor2 19b
®Reaction conditionst 7a-b (0.18 mmol),18 (22 mg, 0.09 mmol); isolated yield.

"Referencé
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Table. 2The coupling reaction df7awith 20 in H,O

or YOS
- N | Q Calix-Cat.
/ 70

17a H,0, 50°C, 150 rpm o

20 21a
Entry Catalyst Catalyst loading Ar-H sec-Alcohol  Time/h HO/mL  Product Yield (9%6)
1 Calix-6 5 mol% 17a 20 61 1 2la 77
2 Calix-6 5 mol% 17a 20 61 2 2la 95
3 Calix-6 5 mol% 17a 20 86 1 2la 100
4 Calix-10 5 mol% 17a 20 61 1 2la 54
5 Calix-10 5 mol% 17a 20 61 2 2la 87
6 Calix-10 5 mol% 17a 20 86 1 2la 100
7 Calix-11 5 mol% 17a 20 61 1 2la 45
8 Calix-11 5 mol% 17a 20 61 2 2la 87
9 Calix-11 5 mol% 17a 20 86 1 2la 57
10 Calix-15 5 mol% 17a 20 61 1 2la 46
11 Calix-15 5 mol% 17a 20 86 1 2la 58
12 Calix-16 5 mol% 17a 20 61 1 2la 45
13 Calix-16 5 mol% 17a 20 61 2 2la 87
14 Calix-16 5 mol% 17a 20 86 1 2la 57
15 Calix-4° 5 mol% 17a 20 61 2 21a 81
16 Calix-9" 5 mol% 17a 20 61 2 21a 86
17 Calix-14° 5 mol% 17a 20 61 1 21a 42
18 None - 17a 20 86 lor2 21a 0
*Reaction conditionst7a (0.18 mmol),20 (19 mg, 0.09 mmol). Isolated yield.
"Referenc#
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Table.3 The coupling reaction df7b with 20in Water

OH / O G ‘
7 N Calix-Cat.
+ ) 7
H,0, 50°C, 150 rpm O

20 17b N
21b

Entry Catalyst Catalyst loading Ar-H sec-Alcohol  Time/h HO/mL  Product Yield (9%6)
1 Calix-3 5 mol% 17b 20 15 1 21b 82
2 Calix-3 5 mol% 17b 20 61 1 21b 87
3 Calix-3 5 mol% 17b 20 61 2 21b 43
4 Calix-6 5 mol% 17b 20 6 1 21b 89
5 Calix-6 5 mol% 17b 20 15 1 21b 99
6 Calix-6 5 mol% 17b 20 61 1 21b 100
7 Calix-6 5 mol% 17b 20 61 2 21b 100
8 Calix-10 5 mol% 17b 20 15 1 21b 85
9 Calix-10 5 mol% 17b 20 61 1 21b 100
10 Calix-10 5 mol% 17b 20 61 2 21b 100
11 Calix-11 5 mol% 17b 20 15 1 21b 49
12 Calix-11 5 mol% 17b 20 61 1 21b 100
13 Calix-11 5 mol% 17b 20 61 2 21b 100
14 Calix-15 5 mol% 17b 20 6 1 21b 90
15 Calix-15 5 mol% 17b 20 15 1 21b 95
16 Calix-15 5 mol% 17b 20 61 1 21b 100
17 Calix-15 5 mol% 17b 20 61 2 21b 100
18 Calix-16 5 mol% 17b 20 15 1 21b 49
19 Calix-16 5 mol% 17b 20 61 1 21b 100
20 Calix-16 5 mol% 17b 20 61 2 21b 100
21 Calix-4° 5 mol% 17b 20 15 1 21b 96
22 Calix-9" 5 mol% 17b 20 15 1 21b 23
23 Calix-14° 5 mol% 17b 20 15 1 21b 74
24 None - 17b 20 86 lor2 21b 0
*Reaction conditionstOa-b(0.18 mmol),13 (19 mg, 0.09 mmol). Isolated yield.
"Referenc#
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