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Abstract—Nitration of p-tert-butylcalix[n]arene methyl ethers under a variety of reaction conditions has been examined. It has been
determined that amongst different nitration procedures adopted (AlCl3/KNO3, HNO3/CH3COOH, HNO3/(CH3CO)2O, cerium(IV)
ammonium nitrate/CH3COOH), ipso-nitration with CH3COOH/HNO3 gives best yields of p-nitrocalixarenes and work up conditions.
ipso-Nitration of tetramethoxytetra-p-tert-butylcalix[4]arene gives tetramethoxytetra-p-nitrocalix[4]arene as triclinic crystals with space
group M, with fl=9.102(3) A, £=11.623(3) A, c=18.368(3) A and a=77.99(2)8, j8=81.10(2)°, -y=73.37(2)°. Its conformation is partial cone
and it forms an exocylic 1:1 complex with DMF.

1. Introduction

Nitration of calix[4]arenes has been attempted by a number
of workers using direct and indirect methods.1"5 Very little
work has been reported on nitration of higher calix[n]arenes
(n.4) . There seems to be no reported general methodology
to obtainp-nitrocalix[n]arenes. Some methods are limited to
calix[n]arene ethers1 while others are suitable only for
calix[n]arenes.2,3 The reported methods are limited by low
yields, multiplicity of steps or over oxidation of starting
calixarenes by the nitrating mixture.4 For example, though
tetranitrocalix[n]arene can be obtained in moderate to good
yields by nitration in chloroform medium,5 it involved an
additional step of debutylation of readily available p-tert-
butyl calix[n]arene (Fig. 1).

In view of the importance of calixarenes for diverse
applications, we intended to achieve the best workable
method for obtaining reasonable yields of p-nitrocalix[n]
arenes at the pilot plant level (for n=4, 6, 8). In pursuance of
this objective, we have carried out a comparative study of

nitration of calixarene methyl ethers by (i) HNO3/CH3
COOH, (ii) HNO3/Ac2O, (iii) KNO3/AlCl3 in CH2Cl2 and
(iv) cerium(IV) ammonium nitrate as against the reported
method of using fuming nitric acid.1,6 Comparative analysis
of nitro products obtained under a variety of conditions
(Table 1) reveals that pure nitric acid in acetic acid is the
best reagent for obtaining nitrocalixarenes in 70-79% yield.
ipso-Nitration with acetic anhydride/nitric acid leads to
good yield of p-nitrocalix[n]arene methyl ether but the
reaction leads to low yields withp-tert-butylcalix[n]arenes
due to acetylation leading to a mixture from which p-
nitrocalix[n]arenes could be separated in lower yields, while
cerium(IV)ammonium nitrate/acetic acid gave lower yields,
due to oxidation of substrates. KNO3/AlCl3 has been found
to work better for debutylated calix[n]arene methyl ether.
Our present study also enabled us to obtain good crystals of
tetramethoxytetra-p-nitrocalix[4]arene. When recrystallized
from chloroform/DMF, triclinic crystals in space group P1
are obtained. Our results are reported in this paper.

f-Bu NO,
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Figure 1.
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Table 1. ipso-Nitration ofp-tert-butylcalix[n]arene using different nitrating reagents

Calix[n]arene Nitrating mixture Temperature (°C) Time (h) Product Yield (%)

CH3COOH/HNO3
CH3COOH/HNO3
CH3COOH/HNO3
Ac2O/HNO3

Ac2O/HNO3

Ac2O/HNO3

CAN/acetone/AcOH
CAN/acetone/AcOH
CAN/acetone/AcOH

0-5
0-5
0-5
0
0
0
Reflux
Reflux
Reflux

4
4
4
5
5
5
8
8
8

2[4]
2[6]
2[8]
2[4]
2[4]
2[8]
2[4]
2[4]
2[8]

76
79
70
75
78
76
50
55
55

AcOH, acetic acid, Ac2O, acetic anhydride, CAN, cerium(IV) ammonium nitrate.

2. Results and discussion

It has been observed that nitration of methoxycalix[n]arenes
with 100% nitric acid in dichloromethane-acetic acid
(0.5:1) gives a good yield of nitro calixarenes (87%) as
compared to acetic anhydride-nitric acid methodology.7

When nitration was carried out with cerium(IV) ammonium
nitrate in the presence and absence of acetic acid, it gave
moderate yields of nitrocalix[n]arenes. Nitration of calix
[n]arene methyl ethers with KNO3/AlCl3 in CH2Cl2

provides p-nitrocalix[n]arene methyl ethers in good yield
but ipso-nitration of p-tert-butylcalix[n]arenes mainly
gave a mixture, which was difficult to separate by usual
chromatographic/solvent extraction methods. All the major
p-nitrocalix[n]arene methyl ethers (w=4, 6, 8) could be
obtained by the method reported in this paper in contrast
to other attempted methods reported for the preparation of
p-nitrocalix[4]arenes.

The synthesized p-nitrocalix[n]arene methyl ethers showed
strong absorption at 1340-1345 and 1518 cm21. These
absorptions can be assigned to NO2 groups in the products.
In 1H NMR spectra, the tetramethoxytetra-p-nitrocalix[4]-
arene showed methylene bridge protons at d 4.45-3.05 and
aromatic protons at d 8.23, 8.13, 7.86, 7.70 indicating that
the p-nitrocalix[4]arene methyl ether exists in the partial
cone conformation. This conclusion was based on compari-
son of the NMR data with that available in the literature.6

For parent p-nitrocalix[4]arene, variable temperature NMR
spectral analysis revealed that the resonance reported7 for
the methylene protons of a tetra-p-nitrocalix[4]arene
showed a pair of doublets at 23 8C and a broad singlet at
50 8C (Fig. 2) in DMSO-d6. The pair of double doublets
appeared to coalesce at temperatures above 23 8C and
completely merge at ca. 42 8C (coalescence temperature).
This variable temperature 1H NMR study therefore
indicated that tetra-p-nitrocalix[4]arene probably existed
in the cone conformation below 23 8C. When the free energy
of activation had just been enough to cross the rotational
barrier (around 42 8C), the tetra-p-nitrocalix[4]arene becomes
conformationally mobile in DMSO-d6. However, in the case
of tetramethoxytetra-p-nitrocalix[4]arene, the compound
existed in the partial cone conformation in CDCl3 and
DMSO-d6 at room temperature (25 8C) and also in the solid
state (Fig. 4). Temperature dependent NMR (Fig. 3) indicated
that the peaks which appeared at d 8.23 and 8.13, broadened
with the rise in temperature and ultimately appeared as broad
singlets at 80 8C. No coalescence temperature could be
observed below 80 8C.

3. Results obtained for X-ray crystallography of
tetramethoxytetranitrocalix[4]arene

The structure of the compound in its solid state is shown in
Figure 4. The torsion angles w and x around ArCH2Ar bonds
about C7, C14, C21, C28 are 2118.8(5)8, 2116.5(4)8,
112.9(5)8, 271.3(5)8, 112.0(4)8, 114.8(4)8 and 71.5(5)8,
respectively, t h e 2 2 , þ þ , 2 þ, 2 þ sequence is charac-
teristic of the partial cone8 conformation with a deviation
from 908 indicating the deformation from the cone
conformation (cf. 88.9(4)8, 289.4(5)8 found in p-tert-
butylcalix[4]arene and its 1:1 complex with toluene).9 All
four aromatic rings A(C1-C6), B(C8-C13), C(C15-C20)
and D (C22-C27) were found to be almost planar
(maximum deviation being 0.03 A from a least squares
plane). The connecting methylene C atoms (C7, C14, C21,
C28) formed an approximate plane where alternate C atoms
were between ±0.07 and ±0.05 A above and below this
plane. The interplanar angles found between this plane and
rings A-D are 98.0(1), 92.1(1), 79.3(1), and 149.6(1)8. The
interplanar angle with ring D is much less than 908
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Figure 2. Temperature dependent 1H NMR spectra of tetra-p-nitrocalix[4]-
arene in DMSO-d6 showing bridge protons.
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Figure 3. Temperature dependent 1H NMR spectra of tetramethoxytetra-p-
nitrocalix[4]arene in DMSO-d6 showing aromatic protons.

indicating that this aromatic ring was tilted in such a way
that its NO2 group was directed away from the calixarene
ring cavity. The corresponding methyl substituted O10 is
then directed inward to the cavity of calix[4]arene to give an
inward flattened partial cone conformation. The inter planar
angles between the pairs AC and BD are 18.7(1) and
57.6(1)8, respectively. Thus ring A and C are parallel to each
other but ring B and D are not possibly due to flattening of
ring D. Both A and C rings are perpendicular to rings B and
D (interplanar angles between AB, AD, BC and CD being
90.4(1), 82.0(1), 90.0(1) and 97.6(1)8, respectively). The
exocyclic DMF molecule shows a strong OCH- • -IT
interaction between the H attached to the amide carbon of
DMF C1S and phenyl ring D with OCH-• p distance as
2.79(2) A. There is a CH3 • -TT interaction with H- • -TT
distances being 3.51(1) A which brings the methoxy oxygen
O10 much closer to other two adjacent counterparts. The
nonbonding Ol- • O10 and O7- • O10 distances are 2.99(1)
and 2.98(1) A, respectively, which are significantly shorter
than a normal O- • -O nonbonding distances 3.250(1) A.
These nonbonding contacts are 0.3 A longer than the

intramolecular H-bonds observed in other calix[4]arenes10

but they are similar to nonbonding O- • -O distances
(2.944(15)-3.128(18) A) found in crowned p-tert-butyl-
calix[4]arene.11

There are seven intermolecular C-H- • O H-bond inter-
actions12 between alkyl and aryl hydrogens and oxygens of
the nitro groups some of which have been shown in Figure
4. The C- • O, H- • O and (C-H- • O lie within the range
found for such interactions. These H-bond interactions form
intermolecular cavities suitable for accommodation of
solvent molecule that otherwise is difficult to enter into
the intramolecular cavity of calix[4]arene being inaccess-
ible due to methoxy groups. At least one nitro group oxygen
from each of the four-nitro groups seems to be involved in
H-bond interactions. A weak intermolecular C-H- • O is
also found between the amide oxygen O1S of the solvent
molecule and methoxy carbon C29 of a symmetry related
molecule.

4. Experimental

NMR spectra were recorded on a 300 MHz Bruker DPX 300
instrument. IR spectra were recorded on a Nicolet Protege
460 spectrometer in KBr disks while CHN analysis were
obtained by using a Perkin-Elmer 240C elemental
analyzer. Mass spectra were recorded on a Jeol SX-102
spectrometer. X-ray data was recorded using CAD4 Enraf-
Nonius 4-circle automatic diffractometer.

4.1. General procedure for nitration of calixarene ethers
with HNO3/CH3COOH

Acetic acid (20 mL) was taken in a round bottom flask and
HNO3 (100%, 5.4 mL) was slowly added to it. p-tert-
Butylcalix[n]arene methyl ether (0.5 g) was separately
taken in dichloromethane (10 mL) and cooled to 0 8C.
This solution was slowly added to the round bottom flask

C29

Figure 4. ORTEP diagram showing the labeling of atoms. Hydrogens have been omitted for clarity.
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containing nitric acid solution while keeping the mixing
temperature below 0 8C. The mixture was stirred at this
temperature for 4 h and then added to cold water (300 mL).
The product was extracted into dichloromethane and
washed with water and concentrated over a water bath.
The product was precipitated by adding hexane and
recrystallized from chloroform/acetone to give pure p-
nitrocalix[n] arene methyl ether as a pale yellow solid
(Table 1).

4.2. General procedure for nitration of calixarene ethers
with HNO3/(CH3CO)2O

Acetic anhydride (15 mL) was taken in a round bottom
flask, it was cooled to 0-5 8C and HNO3 (100%, 6 mL) was
slowly added to it with constant stirring, keeping the
temperature below 5 8C. p-tert-Butylcalix[n]arene methyl
ether (0.5 g) was taken in dichloromethane (15 mL) a
separate round bottom flask and cooled to 0 8C. The
nitrating mixture prepared separately as described above
was added slowly to the solution of p-tert-butylcalix[n]ar-
ene methyl ether (highly exothermic reaction, it should be
added slowly) and the reaction mixture was stirred at this
temperature for 5 h. It was added to 200 mL cold water and
worked up as described in the general procedure in reaction
with CH3COOH/HNO3 to give pale yellow crystalline solid.
(Table 1).

4.3. Reaction ofp-tert-butylcalixarene methyl ether with
cerium(IV) ammonium nitrate

p-tert-Butylcalix[n]arene methyl ether (1 g) was taken in a
round bottom flask and acetic acid (20 mL), THF (50 mL),
cerium(IV) ammonium nitrate (20 g) was added to it. The
reaction mixture was refluxed for 8 h, concentrated and
added to 200 mL water. The reaction mixture was extracted
into dichloromethane and washed with water. The organic
layer was concentrated and precipitated by adding hexane
and the precipitated product was separated by filtration. The
product was recrystallized three times from chloroform/
hexane to give pure p-nitrocalix[n] arene as a pale yellow
solid (Table 1).

4.4. Reaction of calix[n]arene methyl ether with
KNO3/AlCl3

Calix[n]arene methyl ether (0.5 g) was taken in 20 mL
dichloromethane in a round bottom flask, cooled to 5-10 8C
in ice bath and anhydrous AlCl3 (1.00 g) was added to it. To
this reaction mixture, potassium nitrate (0.7 g) was added.
The reaction mixture was slowly brought to room tem-
perature over a period of 3 h and stirred at this temperature
for a period of 24 h. The reaction was quenched by adding it
to 200 mL ice cold water and the product was extracted into
dichloromethane. The dichloromethane layer was concen-
trated and product was precipitated by adding hexane and
filtered.

4.4.1. Synthesis of tetramethoxytetra-p-nitrocalix[4]ar-
ene: 2[4]. Yield 88%, mp .3008C. IR (KBr, n/cm21):
1596, 1518, 1452 and 1340. 1H NMR (CDCl3, d): 8.23,
8.13, 7.86, 7.70 (8H, s, ArH), 4.45-3.05 (20H, m, ArCH2Ar
and OCH3).

 13C NMR (DMSO-d6, d): 29.10,30.8 (ArCH2Ar),

60.09, 61.9 (OCH3), 123.1, 124.3, 125.1, 125.7, 134.6,
137.2, 141.8, 162.7 (Ar). MS-FAB: (m/z)=661. Anal. Calcd
for C32H28O12N4DMF: C, 57.29; H, 4.77; N, 9.55. Found
C, 57.16; H, 4.79; N, 9.54.

4.4.2. Synthesis of hexamethoxyhexa-p-nitrocalix[6]
arene: 2[6]. Yield 85%, mp .3008C. IR (KBr, n/cm21):
1592, 1518, 1448 and 1345. 1H NMR (CDCl3, d): 7.6 (s,
12H, ArH), 4.04 (s, 12H, ArCH2Ar), 3.74 (s, 18H, OCH3).
13C NMR (CDCl3, d): 30.9,61.3,124.3, 134.4,144.0,161.7.
MS-FAB (m/z): 990. Anal. Calcd for C48H42O18N6: C,
58.18; H, 4.24; N, 8.48. Found C, 58.37; H, 4.15; N, 8.35.

4.4.3. Synthesis of octamethoxyocta-p-nitrocalix[8]ar-
ene: 2[8]. Yield: 89%, mp .3008C. IR (KBr, n/cm21):
1592, 1518, 1448 and 1345. 1H NMR (CDCl3, d): 7.82 (s,
16H, ArH), 4.20 (s, 16H, ArCH2Ar), 3.80 (s, 24H, OCH3).
13C NMR (DMSO-d6, d): 30.5, 60.6, 125.2, 133.8, 143.6,
161.5. MS-FAB: (m/z): 1321. Anal. Calcd for C64H56O24N8:
C, 58.18; H, 4.24; N, 8.48. Found: C, 57.87; H, 4.01; N,
8.81.

4.5. Crystallography

The crystals were obtained by warming a solution of 2 [4] in
chloroform and DMF (9:1) up to 60 8C and cooled to room
temperature. Yellow crystals of 2[4]. DMF complex were
obtained which were found to be of a 1:1 exclusion complex
of calix[4]arene and solvent (DMF), with molecular formula
C35H35N5O13, M=733.68, triclinic, ,3=9.102(3) A, b=
11.623(3) A, c=18.368(3)A, a=77.99(2)°, /3=81.10(2)°,
y=73.37(2)VK=1811.75(8) A3, Z=2, Dc= 1.345 gcm2 3 ,
space group P1 : Intensity diffraction data were calculated up
to 9=12.95° by using 2v step scanning mode with Ni
filtered CuKa radiation (A= 1.5418 A) on a 0.2£0. 1£
0.1 mm3 crystal at 293 K. A total of 7548 reflections were
calculated, 7079 were independent and of which 6748 were
considered observed [I.2s(I)] and used in the structure
analysis and refinement. All the nonhydrogen atoms were
refined anisotropically. The solvent was highly disordered
and the disorder could be resolved only for the amide
nitrogen and amide oxygen of DMF. Solvent could be
refined anisotropically using restraints on the bond lengths
and thermal parameters. All hydrogen atoms were placed in
their geometrical positions and were not refined. The final R
index using observed data, refining 497 parameters with 29
restraints was /?=0.1285. Relatively higher values of R is
due to high degree of disorder in the solvent molecule but
low e.s.d.'s for all other atoms suggest that the overall
geometry and accuracy of the structure is not compromised
to any significant extent. All the calculations involving
structure solution, refinement and graphics were performed
using SHELXTL-PC.13 Least square planes and H-bonding
was calculated using PARST.14
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