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Abstract 

The nuclear industry and the rare earth elements 

mining need methods in order to separate lantha- 

nides and actinides. Large organic macrocycles have 

demonstrated their contribution to this domain. Due 

to the lack of an efficient and reproducible method of 

synthesis, the chemistry of large p-tert-butylcalix[n] 

arenes (with 6 < n < 10) has been much less explored 

than the one of their inferior homologs. Excepted for 

the p-tert-butylcalix[8]arene which is obtained in 

good yields, the procedures described in the litera- 

ture for the preparation of p-tert-butylcalix[7] and 

[9]arenes involve many steps of purification and lead 

to, in the very best case, a couple of grams of product, 

after one month of labor. In this work, a set of 

experiments with varying parameters has demon- 

strateed the crucial role of the solvent and of the 

amount of catalyst in the macrocyclization reaction. 

Then, a scale-up study was done, the procedure being 

adapted and realized on a semi industrial scale 

reactor. Finally, an original purification pathway 

avoiding the numerous silica-gel chromatographies 

and recrystallizations was set up and optimized. This 

simplified procedure opens gateways for the 

preparation of a few dozen grams of pure p-tert- 

butylcalix[7] and [9]arenes and should lead to the 

preparation of new selective complexants. 

 

 

Keywords: p-tert-butylcalix[7]arene; p-tert-butylcalix[9] 

arene; scale-up; synthesis. 

 

1. Introduction 

The fast development of new technologies and electro- 

nics in particular, has drastically increased the needs of 

rare earth elements as lanthanides, scandium and yttrium. 

As a consequence, mining of rare earth containing ores, 

such as monazite, has exploded over the last three years. 

Those ores not only include the valuable lanthanides but 

also radioactive actinides such as uranium and thorium. 

Unfortunately, the actual extraction processes fail to 

separate the lanthanides from actinides and produce a 

large amount of radioelement containing wastes 
[1]

.  

In the nuclear industry, separation of actinides from 

lanthanides is also an important challenge. Spent nuclear 

fuel contains moderate amounts of longlived minor 

actinides (Np, Am, Cm) together with other fission pro- 

ducts, amongst which lanthanides represent one of the 

major components
[2]

. To reduce long-term radiological 

risks to the environment, the transmutation of actinides 

into short-lived radionuclides has been proposed for 

conditioning, which requires their separation from 

lanthanides
[2,3]

.  

A relevant method for their separation consists in 

using organic macrocycles, acting as selective ligands 

toward those elements and possessing a tunable size
[4]

. 

The p-tert-butylcalix[n]arenes macrocycles, cyclic 
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oligomers composed of n p-tert-butylphenol units linked 

together by methylene bridges (with n varying from 4 to 

20, see Fig. 1), are good candidates for this purpose
[5]

. 

Although they are more famous in the field of macro- 

cyclic and supramolecular chemistry
[6,7,8]

 few groups 

around the world dedicate their efforts to involve p-tert- 

butylcalixarenes in separation of lanthanides and 

actinides
[9]

. The best efficiency was usually observed 

with CMOP functionnalized p-tert-butylcalix[4]arene, 

which display the best ability to extract and also good 

selectivity
[10]

. Concerning the superior homologs, 

CMPO- and amide-substituted calix[6] and [8]arenes 

revealed to be efficient for the separation of An
3+

/Ln
3+

 

from radioactive wastes
[10]

.  

Contrarily to their inferior homologs, native large 

p-tert-butylcalixarenes (i.e non-functionalized p-tert- 

butylcalix[n]arenes with n≥6) can act as polyaryloxy 

ligands toward rare earth elements. For example, the 

native p-tert-butylcalix[6], [7], [8] and [9]arenes have 

shown the ability to form stable complexes with 

europium and uranyl
[11]

. Also, in presence of uranyl salts, 

the p-tert-butylcalix
[12]

arene drove to crystals revealing 

an original tetranuclear complex
[12]

. Despite the great 

potential they represent for radioactive wastes treatment, 

very few groups have explored the large p-tert- 

butylcalix[n]arenes (n>6) in general, as this requires a 

lot of synthetic effort in organic chemistry. The 

Gutsche’s synthesis of p-tert-butylcalix[n]arenes (with 7 

< n < 20) has allowed to isolate and characterize the 

entire family of p-tert-butylcalix[n]arenes
[13]

. However, 

this procedure is not selective and involves fastidious 

isolation of each calixarene and also their separation 

from the linear oligomers. After at least one month of 

separation labor (dozen of columns and crystallizations), 

from several hundreds of milligrams to gram scale of 

each macrocycle can be obtained 0F

i
.  

Another procedure was reported for the synthesis of 

p-tert-butylcalix[9]arene by using a “6 + 3” cyclization 

reaction between linear phenolic hexamers and a 

triphenolic unit (2,6-bis(5-tert-butylsalicyl)-4-tert-butyl- 

phenol) under basic conditions
[14]

. However, this method 

is not selective and produces all the possible sizes of the 

macrocycles. More recently, Bew and Sharma have 

reported a straightforward and selective synthesis of 

p-tert-butylcalix[9]arene displaying an approximate 

30-35% conversion rate
[15]

. However, our attempts to 

reproduce this synthesis have shown that after the 

reported purification treatment, the yield in pure product 

                                                        
 
i excepted for the p-tert-butylcalix[8]arene which is obtained through 

a reproducible procedure in good yields (ca. 65 %) 
 

drastically fell1F

ii
. All these routes of synthesis don’t allow 

the preparation of a significant amount of product. This 

is clearly a hindrance for the elaboration of selective 

chelatants based on large p-tert-butylcalix[n]arenes, 

such synthesis studies necessitating generally several 

grams of starting compounds. Consequently, working 

with large macrocycles is still considered as a challenge 

and up to now very few organic and physical chemistry 

have been reported for this class of molecules. A 

simplified large scale method of preparation of 

p-tert-butylcalix[7] and [9]arenes would certainly open 

perspectives for the conception of new host 

molecules
[ 16 , 17 ]

, new metallic ligands design
[ 18 , 19 , 20 ]

, 

development of original supramolecular assembly
[ 21]

, 

and also for the conception of new selective actinide/ 

lanthanide chelatants
[22,23]

. 

Here we describe an optimized and particularly 

simplified procedure for the synthesis of p-tert-butyl- 

calix [7] and [9]arenes. The procedure was scaled-up, 

allowing the preparation of about 96 g p-tert-butyl- 

calix[7]arene and 25 g of p-tert-butylcalix [9]arene after 

ten days of work. Due to the very low price of the 

starting materials, the cost of about those two macro- 

cycles are respectively of 15 $/g and 60 $/g, mak- ing 

this approach attractive. For this, a scale-up study was 

done and in the second part, an original purification 

procedure was set up and optimized. 

 

 

Fig. 1. Reaction of Macrocyclization involved in the 

p-tert-butylcalix[n]arenes synthesis. 

 

2. Materials and Methods 

2.1 General methods. The composition of the crude 

mixture was systematically determined by using an 

inverse phase HPLC. HPLC analyses were performed 

using a KONTRON instrument consisting of a series 2 

pumps, an HPLC DETECTOR 430 UV/VIS detector set 

at 281 nm, and a 4.6 mm id (Internal Diameter), 25 cm, 

EC 250/4.6 NUCLEOSIL 100-5 C18 HPLC column 

packed with 5 µm, non-end-crapped, silica-based 

particles. The separation of p-tert-butylcalix[n]arenes 

                                                        

 
ii Despite several attempts, the best yields that we have obtained were 
around 5%. 
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was accomplished with a mixture of two eluants A and B. 

Eluant A consisted of 99 % CH3CN with 1 % AcOH 

(acetic acid). Eluant B consisted of 57 % CH2Cl2 and 43 

% MTBE (methyltert-butylether) in a 12:9 ratio and 1 % 

AcOH. A and B set at a flow route of 0.8 mL/min and a 

pressure of 45 Bars. A 80/20 mixture of A and B was run 

isocratically. 

The reaction was realized in a semi-industrial scale 

unit
[24]

. A dual envelop reactor of 30 litres capacity was 

used. The temperature was set up by using an automatic 

regulation controlled from a monitor using Delta-V 

software. On the reactor is attached a column with 

Rachig rings to control the reflux. On top of the column, 

a pipe allows to introduce solvent under vacuum. The 

reactor was heated through dual envelope with circulated 

warm oil. (see Supporting Information File for general 

protocols). 

Concerning the X-Ray Diffraction Analysis, suitable 

crystals were mounted on a Nonius KappaCCD diffracto- 

meter using Mo K radiation ( = 0.71069 Å). Intensities 

were collected at 150(1) K by means of the COLLECT 

software
[ 25 ]

. Reflection indexing, Lorentz-polarization 

correction, peak integration, and background determina- 

tion were carried out with DENZO. Frame scaling and 

unit-cell parameters refinement were made with 

SCALEPACK
[26]

. A semi-empirical absorption correc- 

tion was applied using the program DIFABS
[ 26]

. The 

structures were solved by direct methods with SIR97
[27]

. 

The remaining non-hydrogen atoms were located by 

successive difference Fourier map analyses. H-atoms 

were placed geometrically and included in the refinement 

using soft restraints on the bond lengths and angles to 

regularize their geometry (C-H in the range 0.93-0.98 Å 

and O-H = 0.82 Å) and isotropic atomic displacement 

parameters (U(H) in the range 1.2-1.5 times Ueq. of the 

adjacent atom). In the last cycles of the refinement, the 

hydrogen atoms were refined using a riding mode. The 

structure refinement was carried out with CRYSTALS
[28] 

(see Supporting Information for full crystallographic 

data). 

 

2.2 Procedure for the synthesis of p-tert-butylcalix[7] 

and [9]arenes. Twenty-five liters of 1,2-dichloroethane 

were first introduced into the reactor. Then, 1000 g (1 

éq.) of p-tert-butylphenol, 1300 g (1.13 éq.) of PTSA and 

finally 660 g (1.1 éq.) of s-trioxane
29

 were introduced 

through the top of the reactor. The system was closed and 

after 10 min of vigorous stirring, heating was started. 

After 2h the reaction mixture changed from a colourless 

clear solution to a colourless cloudy mixture. Every hour, 

an aliquot of reaction mixture was collected through the 

bottom of reactor and analyzed by HPLC. After 4 hours 

the reaction mixture became dark green and the HPLC 

analysis has shown that the reaction was complete (20 % 

in p-tert-butylcalix[7]arene and 10 % in p-tert-butylcalix 

[9]arene). Heating was stopped and the reactor was 

cooled to room temperature. When the temperature return 

at 30°C, the bottom valve was opened and all the mixture 

was collected in a 50 litres can. The crude was then 

transferred in a mixing decanter. Then, in order to quench 

the reaction, 5 litres of HCl (1M) were added. The two 

liquid layers were mixed together during 1 hour and were 

then separated. The organic layer was reloaded, and then 

washed again with 5 litres of HCl (1M). The two layers 

were separated and the aqueous layers were recombined 

and reloaded, then were washed with 5L of 1,2-dichloro- 

ethane in order to recover a maximum of organic layer. 

After separation, the organic layers were recombined, 

and finally washed twice with 5 litres of distilled water. 

Organic layer was separated, collected, and introduced 

into a vacuum evaporator. Heating was set up at 45°C, 

under a 20 mm Hg vacuum, allowing the 1,2-dichloro- 

ethane to be evaporated. After removal of all the solvent, 

the resulting dark solid was dried under vacuum in order 

to remove the traces of solvents. 900 g of crude dark solid 

were obtained. By portions of 50 g, the crude mixture 

was treated by following the procedure displayed on the 

Fig. 2. First, the crude was refluxed during four hours in 

hexane (60 g/L). Once the solution cold, a precipitate 

(P1) was separate by filtration from the mother liquors 

which were concentrated (Mixture B, 729 g). Starting 

from the evaporated mother liquors mixture B, a sequen- 

ce of treatment/filtration in hot acetone (68 g/L), drive to 

5 precipitates (P2a to P2e) and a final mother liquor 

mixture C (600 g). This mixture C was filtrated through 

silica gel (eluant 5/5 CH2Cl2/heptane) leading to a white 

solid.  

A final recrystallization of this solid in acetone/ethanol 

drove to 5.33 x 18 = 96 g of the pure p-tert-butylcalix 

[7]arene E (purity > 98 %). Once they have been mixed 

together, the collected precipitates P2b-2c became the 

mixture D (37.6 g). A recrystallization of mixture D in 

chloroform/acetonitrile led to 1.39 x 18 = 25 g of the pure 

p-tert-butylcalix[9]arene F as a white crystalline solid 

(purity > 98 %). 
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Fig. 2. Procedure’s Synoptic of purification of pure p-tert-butylcalix[7] and [9]arenes. 

 

p-tert-butylcalix[7]arene E (96 g) as white solid. mp  

238 °C dec; IR  (cm
-1

) 3132, 2956, 2868, 1484, 1203; 
1
H NMR (300 MHz, CDCl3) : (ppm) = 1.33 (s, 63H, 

C(CH3)3), 3.95 (br s, 14H, Ar-CH2-Ar), 7.24 (s, 14H, 

Ar-H), 10.38 (br s, 7H, OH); 
13

C NMR (400 MHz, 

CDCl3) : (ppm) = 31.7 (C(CH3)3), 33.1 (Ar-CH2-Ar), 

34.2 (C(CH3)3), 126.3 (Ar-H), 127.6 - 144.5 - 147.4 (Ar); 

LRMS (ES
+
) m/z 1135.7 ([M+H]

+
) and 1157.7 

([M+Na]
+
), HRMS (ES

+
) for (C77H99O7 ([M+H]

+
)), 

calculated 1135.7385, found 1135.7404. Crystal data for 

p-tert-butylcalix[7]arene, C81H104N2O7, Mr = 1217.72, 

T 150(2) K, triclinic, space group P-1, a = 14.417(2), b =  

14.542(2), c = 18.350(3)A ° ,  = 74.96(1)°,  = 

84.96(1)°,  = 82.424(9)°, V = 3677.1(10)Å
3
, density = 

1.100 Mg/m
3
, m = 0.07 mm

-1
, Z = 2, F(000) = 1320, 

Crystal size 0.38 x 0.37 x 0.30 mm
3
,
 
Theta range for data 

collection 1.4 to 27.9 °, Index ranges -18 ≤ h ≤ 18, -19 ≤ k 

≤ 19, -24 ≤ l ≤ 24, reflections 8678 with I > 2.0σ(I), 

wR(F
2
) = 0.189. CCDC deposit number: 801715. 

p-tert-butylcalix[9]arene F (25 g) as white solid. mp  

293 °C dec; IR  (cm
-1

) 3255, 2954, 2869, 1485, 1202; 
1
H NMR (300 MHz, CDCl3) : (ppm) = 1.30 (s, 81H, 

C(CH3)3), 3.96 (br s, 18H, Ar-CH2- Ar), 7.22 (s, 18H, 

Ar-H), 9.82 (br s, 9H, OH);
 13

C NMR (400 MHz, CDCl3) 

: (ppm) = 29.9 (Ar-CH2-Ar), 31.7 (C(CH3)3), 34.2 

(C(CH3)3), 126.3(Ar-H), 127.6, 144.5, 147.4 (Ar); LRMS 

(ES
+
) m/z 1481.8 ([M+Na]

+
), HRMS (ES

+
) for 

(C99H126O9Na
+
(

 
([M+Na]

+
)), calculated 1481.9300, found 

1481.9296. Crystal data for p-tert-butylcalix[9]arene, 

C99H126O9.6(C3H6O), Mr = 1808.56, T 150(2) K, 

triclinic, space group P-1, a = 16.502(3), b = 18.406(3), c 

= 20.983(5)A ° ,  = 107.34(1)°,  = 109.77(2)°,  = 

98.95(2)°, V = 5487(2)Å
3
, density = 1.095 Mg/m

3
, m = 

0.07 mm
-1

, Z = 2, F(000) = 1968, Crystal size 0.42 x 0.37 

x 0.36 mm
3
,
 
Theta range for data collection 0.7 to 27.9 °, 

Index ranges -21 ≤ h ≤ 21, -23 ≤ k ≤ 24, -27 ≤ l ≤ 27, 

reflections 11234 with I > 2.0σ(I), wR(F
2
) = 0.235. 

CCDC deposit number: 801716. (see Supporting 

Information File for full characterization data) 

 

3. Results and Discussion 

After checking the Standard Gutsche’s experiment could 

be reproduced in our laboratory, a set of experiments 

with varying parameters was undertaken. Indeed, it was 

necessary to determine the respective influence of 

parameters such as temperature, solvent and amount of 

PTSA on the conversion rate in p-tert-butylcalix[7] and 

[9]arenes. Each reaction was realized on 0.15 g of 
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p-tert-butylphenol starting materials (entries 1 to 6, Table 

1), the conversion rates were measured by HPLC. 

3.1 Effect of the amount of PTSA.The amount of 

PTSA was varied from 0.03 (entry 1, Table 1) to 1 

equivalent (entries 2, Table 1). These experiments have 

demonstrated that a stoichiometric presence of PTSA 

(versus 0.03 equivalent) allowed to reach four time 

faster the optimum conversion rate in p-tert-butylcalix[7] 

and [9]arenes without changing the distribution of the 

different calixarenes. Regarding the low price of the 

PTSA, these conditions (1 equiv.) were selected for a 

large scale synthesis.  

 

3.2 Effect of solvent and temperature on the 

macrocyclic reaction. Since the experiments were 

realized under atmospheric pressure and under reflux, 

the reaction mixture temperature was directly dependent 

of the solvent boiling point. Moreover, in order to see 

the influence of solvent on conversion rates in p-tert- 

butylcalix[7] and [9]arenes, usual solvents with different 

polarity and organic nature were chosen. After checking 

that all the reactant were soluble under reflux conditions, 

toluene (u = 0.36 debye, Bp = 111 °C (1 Atm)), 

dichloromethane (u = 1.54 debye, Bp = 39 °C (1 Atm)), 

and acetonitrile (u = 3.84 debye, Bp = 82 °C (1 Atm)) 

were selected.  

As previously observed in the literature
 [17]

, it rapidly 

appeared that the reaction of macrocyclization didn’t 

work at all in acetonitrile and occurred slowly in toluene 

(entries 4 and 5, Table 1). Then, comparing the dichloro- 

methane to the chloroform (entry 3 and 2 respectively, 

Table 1) the distribution of different calix-arenes was 

almost superimposable, presenting a conversion rate of 

about 20 % and 15 % in p-tert- butylcalix[7] and 

[9]arenes respectively. However, due to its lower boiling 

point under 1 Atm, 24 hours reaction duration in 

dichloromethane were necessary to obtain such a 

chromatogram compared to the 8 hours in chloroform. 

This demonstrates the crucial role of the temperature on 

the reaction kinetic. In the dichloromethane, when the 

reaction was heated longer in the time, the HPLC’s 

display a significant increase of the conversion rate in 

p-tert-butylcalix[8]arene, which is more favorable 

macrocycle of this reaction, as it was demonstrated in 

previous studies
8
.  

With the observation that the reaction occurs in halo- 

genated solvent, experiments were realized in 1,2-di- 

chloroethane which present a near polarity and a higher 

boiling point than dichloromethane and chloroform (u = 

1.19 debye, Bp = 83.5°C (1 Atm)). The results are 

presented in the entry 6. Similar pattern of distribution in 

different calixarenes with conversion rates of ca 20 % in 

p-tert-butylcalix[7]arene and 10 % in p-tert-butyl- 

calix[9]arene were obtained in only 4 hours. Here, the 

higher temperature of the experiment has drastically 

increased the Kinetic’s reaction without almost affecting 

the distribution of the different produced calixarenes. 

However, a slightly decrease in conversion rate in 

p-tert-butylcalix[7] and [9]arenes has been observed. 

Finally, regarding the constrains we had to observe by 

using the semi industrial process (i.e. for security 

reasons, not more than eight hours of heating were 

allowed), 1,2-dichloroethane appears to be the most 

efficient solvent to realize the large scale synthesis. 

 

3.3 Simplification of the procedure. With the idea to 

transfer the experiments on a half industrial scale, it was 

important to simplify the procedure. Indeed the addition 

of PTSA once the p-tert-butylphenol/formaldehyde 

chloroform solution is under reflux, was technically 

awkward to be realized in our half-industrial scale 

equipment. Trials were realized and have shown that the 

mixing of the three solids together, following by the 

solvent addition, before refluxing hasn’t any influence on 

the composition of the crude mixture of calixarenes. 

Moreover, usually the water formed during the reaction is 

gradually extracted by a Dean-Stark condenser. Since our 

plant was not set up for such a water removal, we had to 

see what consequences to let the water in the reaction 

mixture had. Our experiments have demonstrated that the 

absence of a Dean-Stark condenser didn’t change the 

results obtained before. We expect that result is probably 

due to the extremely poor solubility of water in 

1,2-dichloroethane. Finally, the real scale up study had to 

show that the results observed at the milligram scale 

could be reproduced on a kilogram scale. 

For this, trials with increasing amounts of starting 

p-tert-butylphenol (0.15, 10, 20, 40 and finally 1000 g) 

were realized (Fig. 3). As shown in the Table 1 (entries 6 

to 10), conversion rates in p-tert-butylcalix[7] and 

[9]arenes are preserved: respectively 19 % and 10 % 

(0.15 g), 26 % and 10 % (10 g), 21 % and 9 % (20 g), 14 

%
30 

and 9 % (40 g), and 20 % and 10 % (1000 g). All 

these results allow us to propose the final procedure 

described in the materiel and method part. 
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Table 1. Conversion rates in p-tert-butylcalix[7] and [9]arenes in the tested conditions experiments. All the 

experiments were realized under reflux of the corresponding solvent. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Conversion Rates in p-tert-butylcalix[7] and 

[9]arenes depending of the amount of the starting p-tert- 

butylphenol. 

 

3.4 Improvement of the purification procedure. As 

mentioned in the introduction, the separation and 

purification sequences in Gutsche’s procedure are 

laborious, necessitating numerous steps of crystalliza- 

tion and silica chromatographies to obtain pure p-tert- 

butylcalix[7] and [9]arenes. Moreover, this procedure is 

described on a scale leading to small amount of com- 

pounds. In order to prepare a very large quantity of these 

compounds, a simple and efficient purification proce- 

dure was necessary. 

After allowing the reaction mixture to go back at room 

temperature, a classic workup of liquid-liquid extraction 

with an aqueous solution of HCl (1M) was realized in 

order to quench the reaction. Once the organic layers 

settled and recombined the solvent was removed under 

reduced pressure, leading to a 900 g crude mixture A 

containing 20 % and 10 % respectively in p-tert- 

butylcalix[7] and [9]arenes (Spectrum A, Fig. 4). 

For laboratory convenience, the crude mixture A was 

treated by 50 g portions. We undertook to separate the 

two calixarenes by using recrystallization and simple 

filtration through silica gel only, avoiding the fine 

chromatography separation steps. For this, we first 

checked the solubility table given in the literature
15

. Due 

to the relative insolubility of the p-tert-butylcalix[6] and 

[8]arenes in hexane, it seemed judicious to us to treat the 

crude mixture in boiling hexane. Several tests allow us to 

optimize the mass concentration of crude (60 g/L) as well 

as the duration of the treatment (4 hours reflux). Once the 

solution cold, a precipitate (P1) was separated by filtra- 

tion from the mother liquors which was concentrated, 

leading to mixture B. The HPLC analysis of the 

precipitate and the mother liquors revealed that p-tert- 

butylcalix[6] and [8]arenes were removed from the crude 

mixture (Spectrum B, Fig. 4). 

Starting from the evaporated mother liquor mixture B, 

a sequence of treatment in hot acetone (68 g/L), drive to 5 

precipitates (P2a to P2e) and a mother liquor mixture C 

(spectrum C, Fig. 4). The final mother liquor (mixture C) 

displays about 30 % of the p-tert-butylcalix[7]arene. We 

have found that a straightforward filtration through silica 

gel (eluant 5/5 CH2Cl2/heptane) was the most efficient 

way to remove the linear oligomers of the mixture C. A 

85 % purity in p-tert-butylcalix[7]arene fraction was 

collected. A final recrystallization of this solid acetone/ 

ethanol led to 96 g of the pure p-tert-butylcalix[7]arene 

(purity > 98 %, spectrum E, Fig. 4). The HPLC analyses 

of each solids coming from acetone treatment, have  

Entries Solvent 

Amount of 

PTSA 

Amount of  

p-tBuPhOH Duration 

Conv. Rate of 

[7] 

Conv. Rate 

of [9] 

1 CHCl3 0.033 eq. 0.15 g 8 h 15 7 

2 CHCl3 1 eq. 0.15 g 8 h 20 12 

3 CH2Cl2 1 eq. 0.15 g 24 h 22 15 

4 CH3CN 1 eq. 0.15 g 48 h  0 0 

5 Toluene 1 eq. 0.15 g 48 h 14 3 

6 1,2-DCE 1 eq. 0.15 g 4 h  19 10 

7 1,2-DCE 1 eq. 10 g 4 h  26 10 

8 1,2-DCE 1 eq. 20 g 4 h  21 9 

9 1,2-DCE 1 eq. 40 g 4 h  14 9 

10 1,2-DCE 1 eq. 1000 g 4 h  20 10 
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shown that most of the p-tert-butylcalix[9]arene was 

in the P2b and P2c fractions. Once mixed, the 

collected precipitates P2b-2c became the mixture D, 

containing about 85 % in p-tert-butylcalix[9]arene 

(spectrum D, Fig. 3). A final recrystallization of 

mixture D in chloroform/ acetonitrile led to 25 g of 

the pure p-tert-butylcalix[9] arene (purity > 98 %, 

spectrum F, Fig. 4). It should be noted that, for the 

first time, our large scale synthesis led, in a relatively 

simple procedure, to 96 g of p-tert-butylcalix[7] arene 

and 25 g of p-tert-butylcalix[9]arene of isolated pure 

compounds.  

The purity of the obtained products was confirmed by 

HPLC, 
1
H and 

13
C NMR. Moreover, single crystals of 

each calixarene were grown and analyzed by XRD. Two 

original structures were obtained, confirming the struc- 

ture of the obtained p-tert-butylcalix[7] and [9]arenes. 

The two X-ray structures are shown in the Fig. 5. 

 

Fig. 4. HPLC chromatograms of the fractions A-F. p-tert-butylcalix[n]arenes are noted “[n]” on the spectra. M 

is a mixture of linear oligomers and p-tert-butylcalix[4]arene. Procedure’s Synoptic of purification to obtain 

pure p-tert-butylcalix[7] and [9]arenes. 

 

Fig. 5. Crystal structures of 

p-tert-butylcalix[7]arene (left) 

and p-tert-butylcalix[9]arene 

(right). Solvent molecules are 

omitted for clarity. 
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5. Conclusion 

In this paper, we have presented a straightforward 

procedure allowing for, the first time, the preparation of 

few dozen of grams of highly pure p-tert-butylcalix[7] 

and [9]arenes (purity > 98 %). After controlling the 

influence of the amount of catalyst, solvent nature and 

introduction procedure, we obtained a new protocol 

which is the simplest one compared to all the syntheses 

described in the literature. Indeed, we manage to reduce 

the steps necessary to obtain the both large calixarenes. 

For each calixarene, firstly, two treatments in hot 

solvent, following by an ultimate recristallization for the 

p-tert-butylcalix[9]arene and a silicagel filtration, 

completed by a recrystallization for the 

p-tert-butylcalix[7]arene is sufficient to produce both 

the pure calixarenes in significant amounts. Finally, the 

low cost of the starting materials makes this approach 

definitely attractive. This simplified procedure will open 

new gates for the development of the p-tert-butylcalix[7] 

and [9]arenes in supramolecular chemistry in general, 

but also for the conception of a new range of selective 

lanthanides/actinides ligands.  
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