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Abstract Three series of heterocycle substituted calixa-
renes, derivatized at lower and upper rim, were synthesized
and successfully evaluated for metal extraction towards
alkali, alkaline, transition and heavy metal ions. The
presence and placement of sulfur, heterocycle functionality
at upper/lower rim played a crucial role toward the
extractability and selectivity of metal ions. The lower rim
substituted calixarenes have shown high extractability and
poor selectivity. In contrast to this, upper rim substituted
calixarenes exhibited good selectivity. Moreover, sulfur
functionalized calixarenes have shown better selectivity for
heavy metal ions than alkali and alkaline metal ions.
Among upper rim substituted calixarenes, 17 and 18 were
found to be suitable for Na*, K* and Ag™, 19,13 for heavy
metal ions i.e., Pb>", Hg™, Hg®" and Ag™, and 11,12 for
Pb>" and Ag™ only.

Keywords Calixarenes - Heterocycles -
Solvent extraction - Metal extraction

Introduction

Calix[n]arenes play an increasingly important role in host—
guest chemistry largely because they provide a well orga-
nized platform for the attachment of pendant groups [1, 2].
Numerous ionophores have been synthesized by using this
approach i.e., attachment of various ligating functionalities
to calixarenes skeleton. These ionophores have unique
complexation properties and selectivity [3]. Lower rim
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substituted calixarene derivative e.g. ester, amide and car-
bonyl in their cone conformation are selective ligands for
Na™ cations [4], and are used in various sensors. Similarly,
1,3-calix crown ethers in 1,3-alternate conformation are
highly selective for K* ions [5], while calixcrown-6 shows
exceptionally high Cs™ ion selectivity [6] and used for the
extraction of cesium ion from high-salinity nuclear waste
[7]. The literature clearly revealed that binding at lower rim
via oxygen or nitrogen provides selective extraction of
group I and II metal ions. On the other hand, little has been
published on the extractive ability of upper rim substituted
calixarenes, which comparatively possesses large cavity
size and could be effective extractant towards transition and
heavy metal ions. Moreover, the type of substituent on
calixarene moiety also plays a crucial role towards the metal
extraction, in particular, N and S containing heterocycles are
well known for metal ligation in coordination chemistry.
Bonnamour et al. have reported the extraction properties of
derivatized azocalix[4]arenes bearing ester [8], amide [9],
bipyridyl [10], and bithiazoyl [11] functionalities. They
have shown that the amide derivatives of calixarene are able
to complex alkali metal cations, whereas bipyridyl analogue
are able to complex soft cations such as zinc. In this per-
spective, pyridine and triazole heterocycles are quiet known
for their basicity and ligation [12-18] with metal ions.
Hence, it is possible that when sulfur, ester/amide, hetero-
cyclic functionalities are suitably placed on calixarene
skeleton, they would provide a well preorganized coordi-
nation sphere for metal binding and hence, enhanced
extractability may be attained. Keeping this in mind and in
continuation of our research devoted to heterocycles [19,
20] and calixarenes [21-23], we have synthesized upper and
lower rim substituted calixarenes by incorporating hetero-
cycles/sulfur/amide functionalities, and explored their
potential as metal extractant.
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Synthesis

Synthesis of desired calixarenes was accomplished as
depicted in Schemes 1, 2 and 3. The calixarene 1 was syn-
thesized by established literature procedure reported by
Gutsche et al. [24]. Synthesis of lower rim substituted
calixarenes 4,5,6 was initiated by the acylation of 1 with
chloroacetyl chloride and sodium carbonate (Scheme 1).
The conformation of product 2 was confirmed by charac-
teristic pair of doublet at 4.88 and 3.94 ppm for bridged
methylene. Reaction of 2 with 2-aminopyridine and 1,2,4-
triazole (10) in presence of sodium ethoxide yielded 5 and 6,
respectively. Synthesis of 4 was achieved by reaction of 2
with 1,2,4-triazole-3-thiol (3), in presence of NaOH, to
maximize the yield of 4 and to limit the synthesis of other
products. The accomplishment of these reactions was
ascertained by preparative TLC by taking out the reaction
mixture time to time. The conformation of 4,5,6 was
ascertained cone, as the reactant 2 has cone conformation
and the alkyl subsituent i.e., chloroacetyl group at lower rim
is large enough to restrict conformation inversion through
lower rim. The substitution of chloride at lower rim by
heterocycle was ascertained by complete disappearance of
peak at 3.67 ppm for CH,Cl in 'H NMR spectra.

Rest of the calixarene derivatives (11,12,13,17,18,19)
are upper rim derivatized and their syntheses were initiated

Scheme 1 An overview of
synthetic strategy for lower rim
substituted calix[4]arenes 4,5,6

CHj3
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by dealkylating 1 with phenol and AICl; to afford 7 as
starting material (Scheme 2). Complete debutylation was
confirmed by the absence of peak at 0.98 ppm in its 'H
NMR spectrum. The compound 7 was chloromethylated at
para position by HCHO and HCI in presence of glacial
acetic acid and H;PO, to yield 8. In IR spectrum of 8, a
strong band at 684 cm™' for C—Cl stretching, while in 'H
NMR spectrum a singlet at 3.67 ppm with area correspond
to 8H has confirmed the tetra substitution. Calixarene 8 was
subjected to tetra alkylation at lower rim by K,CO5; and
propyl iodide to afford 9. From this, calixarenes 11, 12
were synthesized by nucleophilic substitution of chloride
with 2-aminopyridine and 1,2,4-triazole (10) using sodium
ethoxide as base, while 13 was synthesized by 1,2,4-tria-
zole-3-thiol (3) and NaOH (Scheme 2).

Synthesis of upper rim substituted calixarenes 17,18,
and 19 was initiated by lower rim alkylation of 7 with
propyl iodide and sodium hydride to obtain 14 (Scheme 3).
It was subjected to Friedel Craft acylation at para position
by acetylchloride and aluminum chloride in dichloro-
methane. The acetyl group of 15 was oxidized to carbox-
ylic group by bromine and sodium hydroxide in DMF.
Resultant 16 was treated with equivalent amount of thionyl
chloride followed by 2-aminopyridine, 1,2,4-triazole (10)
and 1,2,4-triazole-3-thiol (3) to yield 17, 18, and 19,
respectively. To maximize the yield and to force the
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reaction in forward direction, the reaction was performed in
the presence of sodium hydroxide. Tetra substitution was
confirmed by molecular ion peak in FAB mass spectra. The
conformation of 17,18, and 19 was assigned cone by
characteristic peak for methylene bridge.

Solvent extraction

A chloroform solution (10 mL) of ligand (1 x 107> M) and
an aqueous solution (10 mL) containing 2x 10> M picric
acid and 1x 1072 M metal salts (chloride, nitrate, hydrox-
ide, carbonate) were stirred at 298 K for 10 min contact
time. An aliquot of the aqueous solution was withdrawn,
and the UV spectrum was recorded. A similar extraction
was performed in the absence of ligand. The extractability
of the metal cations was calculated by taking into account
the valency of metal ion, using following equation:

Extractability (%) = 100(Ap — A) /Ao

where Ay and A are the absorbance in the absence and
presence of ligand.

Results and discussion

The heterocyclic compounds are very well known for
complexation of metal ions, especially, pyridine/triazole
are quite good ligand for the metal complexation. Hence,
with a view to observe the effects of heterocycles, sulfur,
ester, and carbonyl functionality on metal extraction
behavior, various lower and upper rim substituted calixa-
rene derivatives 4-19 (Schemes 1, 2 and 3) were synthe-
sized. In this perspective, a range of metal ions; alkali,
alkaline, transition and heavy metal ions were taken into
consideration and their extractability towards all the
calixarenes have been evaluated by mean of solvent
extraction of their metal picrates from aqueous to organic
phase. Calix 4, 5, 6 are lower rim heterocyclic substituted
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Scheme 3 An overview of
synthetic strategy for upper rim
substituted calix[4]arenes
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derivatives, whereas rest are upper rim substituted. All the
synthesized calixarenes have multiple interacting sites viz.,
sulfur, ester, amide, carbonyl, and heterocycles, with dif-
ferent cavity size at their interacting sites. Among syn-
thesized calixarenes, calix 4 has shown extractability
towards all metal ions (Table 1), except Mg2+, As3+, Pb2+,
and Hg™". These metal ions are either too small or too large
to fit into the calixarene cavity and hence not extracted by
calix 4. In accordance, calix 4 has shown low extraction for
K" ions owing to big size of latter to fit lower rim of
former. Surprisingly, though the Hg" and Ag™* metal ions
have similar size but they differ a lot in extractability
(Hg* = 0, Agt = 60%). It can be explained by the fact
that at lower rim, as we move from rim to ester, sulfur and
towards the end of substituent, the cavity size become
smaller, successively and at sulfur functionality, where
Hg* ion interact, cavity size is small to fit Hg* ions. On the
other hand, Ag" ions interact with ester functionality
where the cavity size of calixarene is large enough to fit it.

@ Springer

The extractive ability of 5 is similar as 4, but it shows zero
extractability for heavy metal ions due to the absence of
sulfur functionality, which could have responsible for
interaction of calix 5 with heavy metal ions. The extract-
ability of 5 for Na™ and Ca®" is slightly higher than 4, due to
the presence of suitably placed NH group, which provide
well preorganized cavity through hydrogen bonding for
interaction of metal ions with carbonyl group of ester
functionality. The extractability of 5 for transition metal
ions is lower than 4 and 6, which suggests that triazole is
better complexing functionality than pyridine. The extract-
ability trend of 6 is similar to 5, but it shows low extract-
ability for Na™ and Ca®T, attributable to the absence of
hydrogen bonding to provide well preorganized cavity for
proper fit at lower rim. The calixarene 17 and 18 are quite
selective towards the extraction of Nat, K, Ca®>" and Ag™
metal ions. The low extractability for these metal ions in
comparison to 4, 5, and 6 is a result of expansion of cavity
size at upper rim. On the other hand, 17 and 18 have shown
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Table 1 Percentage extraction of alkali, alkaline earth, transition and
heavy metal picrates into CHCl; at 25 °C

Metal  Calixarenes

4 5 6 17 18 19 11 12 13
Na* 98.0 999 9211 432 162 13 22 16 22
K" 5.1 0.5 1.1 865 653 2.1 29 14 23

Mgt 03 03 06 11 04 16 31 19 18
Cat™ 799 892 792 378 121 33 15 1.1 14
Asttt 11 06 07 12 12 25 26 1.7 29

Fett 121 04 01 09 04 12 15 13 24
Co™ 733 614 598 31 16 16 19 14 21
Nitt 642 519 552 15 1.8 34 22 25 3.1
Cutt 810 721 748 05 21 29 1.7 16 22
Zn*t 868 810 842 21 25 12 19 21 28
Pbtt 02 03 1.1 14 12 808 521 575 780
Hg** 672 01 1.8 08 31 541 14 17 689
cdtt 692 15 06 35 12 06 12 13 17
Pd** 753 11 21 25 18 03 18 1.6 10
Hg* 01 02 16 14 09 9.1 14 19 8638
Ag* 60.1 0.8 21 510 372 749 36.1 403 52.1

no extractability for heavy metal ions due to the absence of
sulfur functionality in their structure. These derivatives have
shown good extractability for K™, Na™, Ag" and Ca®", in
comparison to transition metal ions. The quite promising
reason for this, K*, Ca”, Na* and AgL interact at carbonyl
functionality of amide (Fig. 4), where the cavity size is
appropriate for complexation. On the other hand, transition
metal ions interact primarily with heterocyclic functionality,
at the end of pendant group, where cavity expansion is
maximum (Fig. 4) and hence, calixarene could not provide a
proper fit for metal complexation. Due to the presence of
sulfur and large cavity size at upper rim, calixarenes 19 and
13 have shown extractability for heavy metal ions (Pb*",
Hg?", Hg", Ag™). In contrast to this, they have exhibited no
extractability for alkali/alkaline metal ions, attributable to

the absence of ester/amide functionality on calixarene
skeleton. A different trend of extractability has been
observed for compound 11 and 12. These derivatives are
quite selective toward Pb>" and Ag™ ions. Large cavity size
and absence of sulfur, ester and amide functionality in 11
and 12 allows selective extraction of Pb®" and Ag™ ions
only. A comparative view of metal extractive ability and
interaction of various substituted calixarenes towards metal
ions is depicted in Figs. 1, 2, 3 and 4.

Conclusion

In summary, we have synthesized new heterocycle substi-
tuted calixarene derivatives and performed solvent extrac-
tion studies with alkali, alkaline earth, transition, and heavy
metal ions. The effect of S, N, ester, and heterocyclic
functionality in calixarene has been carefully envisaged for
extraction purpose. Lower rim substituted calixarenes found
to be effective extractant towards alkali, alkaline and tran-
sition metal ions, but have lack of selectivity. In contrast to
this, upper rim substituted calixarenes exhibited good
selectivity. Among these, 17 and 18 were found to be suit-
able for Na*, K™ and Ag*, 19,13 for heavy metal ions i.e.,
Pb>", Hg", Hg*" and Ag™, and 11,12 for Pb*" and Ag™
ions, only. This study would be useful for multiple appli-
cations in laboratory, environmental, pharmaceutical, and
industrial processes for the determination and extraction of
various metal ions using two-phase solvent extraction.

Experimental
Reagents and apparatus
All the chemicals used were of AR grade purity. IR spectra

were recorded on Perkin Elmer model 377 spectrophotom-
eter in KBr pellets. "HNMR spectra were recorded on a
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Bruker DRX300 MHz instrument. The FAB mass spectra
were recorded on a JEOLSX102/DA-6000 Mass Spec-
trometer using Argon/Xenon (6 kV, 10 mA) as the FAB
gas. Analytical thin layer chromatography was performed
using E. Merck silica gel G, 0.50 mm plates (Merck No.
5700). The melting points were determined on an electric
melting point apparatus in open capillaries.

25,26,27,28-Tetrahydroxy-p-tert-butylcalix[4]arene (1)

It was synthesized by literature procedure [24]. m.p. 338 °C.

IR [vKBr(cm™1)]: 3172 (-OH); "HNMR [CDCl; (6 ppm)] :
0.98(s, 36H, —-C(CHaj);), 3.86 (d, 4H, Ar—CH,-Ar,
J = 12.4 Hz), 4.49 (d, 4H, Ar—CH,-Ar, J = 12.4 Hz), 7.12
(m, 8H, Ar-H), 10.25 (s, 4H, ArOH); FAB MS, m/z: 648
(M™); Anal calc.(%) for C4qHscO4: C, 81.44; H, 8.70;
Found C, 81.12; H, 8.62.

25,26,27,28-Tetra[(chloroacetyl)oxy]-p-tert-
butylcalix[4]arene (2)

1 (14.8 g, 20 mmol) was dispersed in 200 mL dry tetra-
hydrofuran and treated with sodium carbonate (6.35 g,

@ Springer
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60 mmol) followed by 4.8 mL (60 mmol) of chloroacetyl
chloride. The reaction was carried out at room temperature
for 1 h. After the completion of reaction, the mixture was
distributed between chloroform and 1 N HCI (100/50 mL).
The chloroform extract was washed with water (about
100 mL) and dried over MgSO,. The chloroform evapo-
ration afforded a crude product, which was recrystallized
by ethanol to yield a pure product 2. Yield 15.0 g (79%),
m.p. 222 °C.

IR [vKBr(cm™1)]: 1750 (C=0); "HNMR [CDCl; (6 ppm)] :
0.94 (s, 36H, —C(CHs)3), 3.67 (s, 8H, CO-CH,—Cl), 3.94
(d, 4H, Ar-CH,-Ar, J = 12.6 Hz), 4.88 (d, 4H, Ar—-CH,-
Ar, J = 12.6 Hz), 7.19 (m, 8H, Ar-H); FAB MS, m/z: 954
(M™1); Anal calc.(%) for C5;HgpOsCly: C, 65.41; H, 6.33;
Found C, 65.01; H, 6.27

1H-1,2,4-Triazole-3-thiol (3)

It was synthesized as per the literature procedure [25].
Yield 2.8 g (70%), m.p. 220 °C.
IR [vKBr(cm~!)]: 2700-2900 (N-H); '"HNMR [CDCl; (6

ppm)]: 7.1 (S, H, SH), 8.32 (s, H, -NH-CH=N), 13.5 (s, H,
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Fig. 4 Interaction of various
calixarene derivatives with best
fit metal ion

Interaction of 17 with K*

N-NH-CH); FAB MS, m/z: 101 (M™); Anal calc.(%) for
C,H,NsS: C, 23.75; H, 5.65; S, 31.71; Found C, 23.66; H,
5.61; S, 31.61.

25,26,27,28-Tetra{[(1H-1,2,4-triazol-3-
ylsulfanyl)acetyl]oxy }-p-tert-butylcalix[4]arene (4)

Thiol 3 (2.02 g, 20 mmol) was dispersed in 100 mL of dry
tetrahydrofuran and treated with NaOH (0.8 g, 20 mmol)
followed by 0.95 g (1 mmol) of 2 was added. The reaction
was carried out at reflux temperature for 12 h. Reaction
was monitored by preparative TLC (ethylacetate/xylene,
1:20). After the completion of reaction, the reaction mix-
ture was distributed to the chloroform/diluted aqueous HCl

Interaction of 18 with Ag* Interaction of 19 with Hg"

(25/50 mL) mixture. The chloroform extract was washed
with water (about 50 mL) and dried over MgSO,. The
solvent evaporation afforded a crude mass, which was
purified by column chromatography (Alumina column;
neutral); gradient of chloroform/acetone (20/1 to 3/1).
Yield 0.97 g (68%), m.p. 214 °C.

IR [vKBr(cm™")]: 2700-2900 (N-H), 1746 (CO-O-Ar);
"HNMR [CDCl; (6 ppm)]: 1.05 (s, 36H, —C(CHj)3), 2.50
(s, 8H, CO-CH,-S), 3.88 (d, 4H, Ar-CH,-Ar, J =
12.4 Hz), 4.36 (d, 4H, Ar—-CH,-Ar, J = 12.4 Hz), 7.25 (m,
8H, Ar-H), 8.29 (s, 4H, -NH-CH=N), 13.02 (s, 4H, N-
NH-CH); FAB MS, m/z: 1213 (M™); Anal calc.(%) for
CeoHgsN1208S4: C, 59.38; H, 5.65; N, 13.85; S, 10.57;
Found C, 59.15; H, 5.61; N, 13.78; S, 10.51.
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25,26,27,28-Tetra{[(pyridin-2-ylamino)acetyl]oxy }-p-
tert-butylcalix[4]arene (5)

2-amino pyridine (1.86 g, 20 mmol) was dissolved in
100 mL of dry tetrahydrofuran and treated with freshly
prepared sodium ethoxide (1.36 g, 20 mmol) followed by
0.95 g (1 mmol) of 2 was added. The reaction was carried
out at reflux temperature for 16 h. Reaction was monitored
by preparative TLC (ethylacetate/xylene, 1:20). After the
completion of reaction, excess of sodium ethoxide was
quenched with water (about 20 mL) and reaction mixture
distributed to the chloroform/diluted aqueous 1 N HCI (50/
25 mL). The chloroform extract was washed with water
(about 50 mL) and dried over MgSO,. The solvent evap-
oration afforded a crude mass, which was purified by col-
umn chromatography (Alumina column; neutral); gradient
of chloroform/acetone (20/1 to 3/1). Yield 0.64 g (55%),
m.p. 189 °C.

IR [vrlfg;(cm‘l)]: 1742 (CO-O-Ar), 3254 (N-H);
"HNMR [CDCl; (6 ppm)]: 0.96 (s, 36H, —C(CHs;)3), 2.89
(s, 8H, CO-CH,-NH), 391 (d, 4H, Ar—CH,-Ar,
J = 12.4 Hz), 4.14 (s, 4H, Ar-NH-CH,), 4.36 (d, 4H, Ar-
CH,-Ar, J = 12.4 Hz), 6.59 (m, 4H, N=CH-CH), 6.75
(dd, 4H, N-C(NH)=CH), 7.06 (m, 8H, Ar-H), 7.36 (m, 4H,
N-C(NH)=CH-CH), 8.11 (m, 4H, N=CH-CH); FAB MS,
m/z: 1185 (M™); Anal calc.(%) for C;,HgoNgOs: C, 72.95;
H, 6.80; N, 9.45; Found C, 72.55; H, 6.71; N, 9.39.

25,26,27,28-Tetra[(1H-1,2,4-triazol-1-ylacetyl)oxy]-p-
tert-butylcalix[4]arene (6)

It was synthesized by treating 1,2,4-triazole and 2, as per
the procedure for 5. Yield 0.66 g (61%), m.p. 206 °C.

IR[vKEr(cm~!)]: 1741 (CO-O-Ar); "HNMR [CDCl; (8
ppm)]: 0.88 (s, 36H, —C(CH3)3), 2.89 (s, 8H, CO-CH,-N),
3.67 (d, 4H, Ar—CH,-Ar, J = 12.4 Hz), 4.36 (d, 4H, Ar—
CHy-Ar, J = 12.4 Hz), 7.25 (m, 8H, Ar-H), 8.15 (s, 8H,
N-CH=N); FAB MS, m/z: 1085 (M"); Anal calc.(%) for
CeoHesN120sg: C, 66.40; H, 6.32; N, 15.49; Found C, 66.13;
H, 6.26; N, 15.39.

25,26,27,28-Tetrahydroxycalix[4]arene (7)

It was synthesized as per the literature procedure [26].
Yield 68%, m.p. 298 °C.

IR[vKEr(cm~!)]: 3168 (~OH); 'HNMR [CDCl; (5 ppm)] :
3.86 (d, 4H, Ar-CH,-Ar, J = 12.7 Hz), 4.58 (d, 4H, Ar-
CH,-Ar, J = 12.7 Hz), 7.22 (m, 8H, Ar—H), 10.39 (s, 4 H,
ArOH); FAB MS, m/z: 424 (M"); Anal calc.(%) for
Co3H»404: C, 79.22; H, 5.70; Found C, 78.88; H, 5.65.
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25,26,27,28-Tetrahydroxy-p-chloromethylcalix[4]arene
®

A solution of calix[4]arene 7 (3.54 g, 8.35 mmol), para-
formaldehyde (5.30 g, 175 mmol), glacial acetic acid
(56 mL), conc. H;PO, (60 mL), and conc. HCI (63 mL) in
dioxane (200 mL) was stirred at 80 °C for 12 h. The
mixture was concentrated to 100 mL, poured into an ice/
water mixture (200 mL) and extracted with CHCl;
(3 x 40 mL). The combined organic layer was washed
with H,0, dried over Na,SO,4 and the solvent was evapo-
rated under reduced pressure to give 8. Yield 4.38 g (85%),
m.p. 215 °C.

IR[VKBr(cm~1)]: 3172 (-OH), 684 (C-Cl); 'HNMR
[CDCl; (6 ppm)] : 3.67 (s, 8H, Ar—CH,—Cl), 3.86 (d, 4H,
Ar-CH,-Ar, J =124 Hz), 449 (d, 4H, Ar-CH,-Ar,
J =124 Hz), 7.1 (m, 8H, Ar-H), 10.25 (s, 4H, ArOH);
FAB MS, m/z: 618 (M™); Anal calc.(%) for C3,H,5C1,0;:
C, 62.15; H, 4.56; Found C, 61.89; H, 4.51.

25,26,27,28-Tetrapropoxy -p-chloromethylcalix[4]
arene (9)

A total of 6.18 g (10.0 mmol) of 8 was dissolved in
anhydrous acetone followed by 21 g (200 mmol) of K,CO3
and 34 g (200 mmol) of l-iodopropane were added. The
reaction mixture was heated for 24 h at reflux temperature
followed by cooled at room temperature and filtered. The
filtrate was diluted with water and extracted with chloro-
form. The organic layer was dried over MgSO, and con-
centrated to dryness. The residual solid was subjected to
column chromatography [silica gel, CHCls/acetone (15/1
to 2/1)]. Yield 6.7 g (85%), mp 189-190 °C.

IR[vKEr (cm~!)]: 675 (C-C1); "HNMR [CDCl; (6 ppm)]
: 0.81(t, 8H, CH,—CH,—CHj3), 1.18 (m, 8H, CH,—CH,-
CHs), 3.52 (t, 8H, O-CH,—CH,), 3.71 (s, 8H, Ar—CH,—Cl),
3.81 (d, 4H, Ar—CH,-Ar, J = 12.4 Hz), 4.44 (d, 4H, Ar—
CH,-Ar, J = 12.4 Hz), 7.09 (m, 8H, Ar—H); FAB MS, m/z:
786 (M™); Anal calc.(%) for C44H5,Cl404: C, 67.18; H,
666, Found C44H52C1404: C, 6687, H, 6.59.

1H-1,2,4-Triazole (10)

It was synthesized as per the literature procedure [25].
Yield 2.76 g (55%), m.p. 120 °C.

IR [vKBr(cm~1)]: 2700-2900 (N-H); "HNMR [CDCl; (6
ppm)] : 8.32 (s, 2H, -NH-CH=N), 13.42 (s, H, N-NH-
CH); FAB MS, m/z: 69 (M™); Anal calc.(%) for C,H;Nj5:
C, 34.78; H, 4.38; N, 60.84; Found C, 29.63; H, 4.34; N,
60.62.
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25,26,27,28-Tetrapropoxy-p-(pyridn-2-
ylamino)methylcalix[4]arene (11)

It was synthesized by reacting 9 with 2-amino pyridine, as
per the procedure for 5. Yield (60%), m.p. 222 °C.

IR[vKBr(cm~1)]: 3280 (N-H); "HNMR [CDCl; (6 ppm)]
: 0.85 (t, 12H, CH,-CH,—CH3;), 1.25 (m, 8H, CH,—CH,—
CH3), 3.15 (s, 8H, Ar-CH,-NH), 3.67 (t, 8H, O-CH,-
CH,), 3.91 (d, 4H, Ar—CH,-Ar, J = 12.4 Hz), 4.14 (s, 4H,
Ar-NH-CH,), 4.35 (d, 4H, Ar-CH,-Ar, J = 12.4 Hz),
6.59 (m, 4H, N = CH-CH), 6.75 (dd, 4H, N-C(NH)=CH),
7.06 (m, 8H, Ar-H), 7.36 (m, 4H, N-C(NH)=CH-CH),
8.02 (m, 4H, N=CH-CH); FAB MS, m/z: 1017 (M™); Anal
calc.(%) for CesH7oNgOy4: C, 75.56; H, 7.13; N, 11.01;
Found C, 75.24; H, 7.01; N, 10.92.

25,26,27,28-Tetrapropoxy-p-(1H-1,2,4-triazol-1-
yl)methylcalix[4]arene (12)

It was synthesized by reacting 9 with 1,2,4-triazole, as per
the procedure for 5. Yield (58%), m.p. 219 °C.

"HNMR [CDCl; (6 ppm)] : 0.88 (t, 12H, CH,—~CH,—
CHs), 1.21 (m, 8H, CH,—CH,—CH3), 2.89 (s, 8H, Ar-CH,—
N), 3.57 (t, 8H, O-CH,—CH,), 3.83 (d, 4H, Ar—-CH,-Ar,
J = 12.4 Hz), 4.36 (d, 4H, Ar—CH,-Ar, J = 12.4 Hz), 7.17
(m, 8H, Ar-H), 8.14 (s, 8H, N-CH=N); FAB MS, m/z: 917
(M+); Anal calc.(%) for C52H60N1204Z C, 6810, H, 659,
N, 18.33; Found C, 67.81; H, 6.51; N, 18.22.

25,26,27,28-Tetrapropoxy-p-(1H-1,2,4-triazol-1-
ylsulfanyl)methylcalix[4] arene (13)

It was synthesized by reacting 9 with 1,2,4-triazole-3-thiol,
as per the procedure for 4. Yield 54% m.p. 235 °C.

'"HNMR [CDCl; (6 ppm)] : 0.84 (t, 12H, CH,—~CH,—
CHj3), 1.15 (m, 8H, CH,—-CH,—CH3), 2.38 (s, 8H, Ar—CH,—
S), 3.60 (t, 8H, O-CH,—CH,), 3.91 (d, 4H, Ar—CH,-Ar,
J = 12.4 Hz), 4.33 (d, 4H, Ar—CH,-Ar, J = 12.4 Hz), 7.11
(m, 8H, Ar—H), 8.38 (s, 4H, -NH-CH=N), 13.02 (s, 4H, N-
NH-CH); FAB MS, m/z: 1045 (M™); Anal calc.(%) for
CsoHeoN1204S4: C, 59.74; H, 5.79; N, 16.08; S, 12.27;
Found C, 59.49; H, 5.72; N, 15.89; S, 12.16.

25,26,27,28-Tetrapropoxycalix[4]arene (14)

To a suspension of 4 g of NaH (100 mmol; washed with
3 x 90 mL of hexane) in 250 mL of anhydrous THEF,
4.24 g of 7 (10 mmol) was added. The reaction mixture
was stirred for 10 min at reflux temperature, followed by 1-
iodopropane (17 g, 100 mmol) was added. The reaction
mixture was stirred for an additional 1 h at reflux tem-
perature, cooled to room temperature, and then quenched
by the dropwise addition of 7 mL of methanol. After the

removal of solvent under reduced pressure, 300 mL of
water was added followed by stirred additional 5 min. The
solid organic product was separated, washed with methanol
(3 x 100 mL) and recrystallized from acetone. Yield
4.68 g (79%), m.p. 165 °C.

"HNMR [CDCl; (6 ppm)]: 0.86 (t, 12H, CH,—CH,—
CHs), 1.18 (m, 8H, CH,~CH,~CHj3), 3.52 (t, 8H, O-CH,—
CH,), 3.79 (d, 4H, Ar-CH,-Ar, J = 12.7 Hz), 4.52 (d, 4H,
Ar-CH,-Ar, J = 12.7 Hz), 6.92 (m, 12H, Ar-H); FAB
MS, m/z: 592 (M™); Anal calc.(%) for C4oHus04: C, 81.04;
H, 8.16; Found C, 80.64; H, 8.11.

25,26,27,28-Tetrapropoxy-p-acetylcalix[4]arene (15)

In a 250 mL round bottomed flask, aluminum chloride
(5.13 g, 38.4 mmol) was added to 100 mL of CH,C1,, fol-
lowed by acetyl chloride (24.95 g, 108 mmol). To this,4.15 g
(7 mmol) of 14, dissolved in 70 mL CH,Cl1,, was added
dropwise with stirring and then the reaction mixture stirred for
5 h atroom temperature. After that, 30 mL of water followed
by 34.65 mL of 1 N HC1 was added and product was
extracted with 150 mL of CH,Cl1,. The CH,Cl, layer was
separated, evaporated and obtained solid was purified with
column chromatography (300 g silica gel, gradient of CHCl,/
acetone (20/1 to 3/1). Yield 2.4 g (45%), m.p.195 °C.

IR[vKB'(cm™)]: 1710 (C=0); 'HNMR [CDCl; (8
ppm)]: 0.79 (t, 12H, CH,—CH,—CH3), 1.16 (m, 8H, CH—
CH,—CH3;), 2.22 (m, 12H, CO-CH3;), 3.57 (t, 8H, O-CH,—
CH,), 3.86 (d, 4H, Ar-CH,-Ar, J = 13.5 Hz), 4.49 (d, 4H,
Ar-CH,-Ar, J = 13.5 Hz), 7.14 (m, 8H, Ar-H); FAB MS,
m/z: 760 (M™T); Anal calc.(%) for C4gHs60g: C, 75.76; H,
7.42; Found C, 75.51; H, 7.35.

25,26,27,28-Tetrapropoxy-p-carboxycalix[4]arene (16)

A fresh sodium hypobromite solution, prepared by adding
30.46 mg (191 mmol) of Br, to 77 mL of aqueous NaOH
solution (23%), was cooled to 0 °C. To this, 2.28 g (3 mmol)
of 15 (dissolved in 350 mL of DMF) was added slowly
within 30 min. By adding subsequent 200 mL of DMF, it
was heated for 18 h at 80 °C. It was then cooled to room
temperature and quenched with 517 mL of 1 M HCI1. A
solvent extraction was performed with 3 x 500 mL of
CHCIl3. The chloroform layer was collected and evaporated
under reduced pressure by heating. The obtained residue was
washed by 3 x 200 mL of water and purified by column
chromatography; (300 g silica gel, CHC1;/MeOH/H,0 (65/
25/4). Colorless solid of 16 was obtained. Yield 1.3 g (33%),
m.p. 205 °C.

IR[VKBr(cm~1)]: 2700 (COOH); 'HNMR [CDCl; (9
ppm)]: 0.80 (t, 12H, CH,—CH,—CHj3), 1.18 (m, 8H, CH,—
CH,-CH3;), 3.53 (t, 8H, O-CH,—CH,), 3.86 (d, 4H, Ar-
CH,-Ar, J =129 Hz), 457 (d, 4H, Ar-CH,-Ar,
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J =129 Hz), 7.48 (m, 8H, Ar-H), 12.05 (m, 4H, COOH);
FAB MS, m/z: 842 (M™); Anal calc.(%) for C44H44Cl1,Oq:
C, 62.72; H, 5.26; Found C, 62.32; H, 5.22.

25,26,27,28-Tetrapropoxy-p-(pyridn-2-
yl)carbonylcalix[4]arene (17)

Ina250 ccround bottomed flask, 0.84 g (1 mmol) of 16 was
taken followed by 0.6 mL (5 mmol) of SOCI, was added.
The reaction mixture was stirred for 15 min at room tem-
perature. Now, the reaction mixture was suspended into
100 mL THF followed by 0.8 g (20 mmol) of NaOH and
1.88 g (20 mmol) of 2-aminopyridine was added. The
reaction mixture was refluxed for 20 h and reaction was
monitored by TLC (ethylacetate/xylene, 1:10). After the
completion of reaction, the remaining THF was removed
under reduced pressure by heating. The residue was dis-
tributed between chloroform/diluted aqueous 1 N HCI (100/
50 mL). The chloroform layer was separated and evaporated
to dryness. Obtained residue was purified by column chro-
matography (Alumina column; neutral); gradient of CHCl5/
acetone (20/1 to 3/1). Yield 0.73 g (58%), m.p. 192 °C.

IR[vKBr(cm~1)]: 3280 (N-H), 1738 (CONH); 'HNMR
[CDCl; (6 ppm)]: 0.87 (t, 12H, CH,—~CH,—CH3), 1.19 (m,
8H, CH,-CH,—CH3;), 3.67 (t, 8H, O-CH,—CH,), 3.94 (d,
4H, Ar—CH,-Ar, J = 12.4 Hz), 4.16 (s, 4H, Ar-NH-CO),
4.36 (d, 4H, Ar-CH,-Ar, J = 12.4 Hz), 6.59 (m, 4H,
N=CH-CH), 6.75 (dd, 4H, N-C(NH)=CH), 7.14 (m, 8H,
Ar-H), 7.44 (m, 4H, N-C(NH)=CH-CH), 8.08 (m, 4H,
N=CH-CH); FAB MS, m/z: 1331 (M™); Anal calc.(%) for
C78H78N10011: C, 7036, H, 590, N, 1052, Found C,
70.11; H, 5.86; N, 10.47.

25,26,27,28-Tetrapropoxy-p-(1 H-1,2,4-triazol-1-
yl)carbonylcalix[4]arene (18)

It was synthesized by reacting 16 with thionyl chloride
followed by 1,2,4-triazole, as per the procedure for 17.
Yield (65%), m.p. 232 °C.

IR[vg;(cm‘l)]: 1738 (CONH); 'HNMR [CDCl; (&
ppm)]: 0.84 (t, 12H, CH,—CH,—CH3;), 1.21 (m, 8H, CH,—
CH,-CH3;), 3.35 (t, 8H, O-CH,—CH,), 3.67 (d, 4H, Ar—-CH,—
Ar, J = 12.4 Hz), 4.33 (d, 4H, Ar-CH,-Ar, J = 12.4 Hz),
7.22 (m, 8H, Ar-H), 8.20 (s, 8H, N-CH=N); FAB MS, m/z:
973 (M+), Anal CalC.(%) for C52H52N1203: C, 6419, H,
5.39; N, 17.27; Found C, 63.85; H, 5.52; N, 17.18.

25,26,27,28-Tetrapropoxy-p-(1H-1,2,4-triazol-3-
ylsulfanyl)carbonylcalix [4]arene (19)

It was synthesized by reacting 16 with thionyl chloride

followed by 1,2,4-triazole-3-thiol, as per the procedure for
17. Yield (60%), m.p. 212 °C.

@ Springer

IR [vKB'(cm~1)]: 1738 (COS); 'HNMR [CDCl; (5
ppm)]: 0.88 (t, 12H, CH,—CH,—CHs), 1.25 (m, 8H, CH,—
CH,—CH3), 3.34 (t, 8H, O-CH, CH,), 3.91 (d, 4H, Ar—
CHy-Ar, J=124Hz), 434 (d, 4H, Ar—CHa,-Ar,
J = 124 Hz), 7.06 (m, 8H, Ar—H), 8.38 (s, 4H, —NH-
CH=N), 13.02 (s, 4H, N-NH-CH); FAB MS, m/z: 1101
(M™); Anal calc.(%) for CspHs,N;,0sS4: C, 56.71; H,
4.76; N, 15.26; S, 11.65; Found C, 56.42; H, 4.72; N,
15.16; S, 11.57.
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