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ABSTRACT

A facile synthesis of hisformylated calix[4]arenes via
trifluoroacetic acid is described. Under identical conditions,
derivative 4a in a pinched cone conformation.

jpso substitution of  p-tert-butylcalix[4]arenes through treatment with hexamethylenetetramine/
p-tert-butylcalix[4]arene tetramethyl ether 4 gives proximally substituted bisformylated

[1n] Metacyclophanes represented by calix[nJarenes aregroups byipso substitution ofp-tert-butyl groups in parent

accessible through acid- or base-catalyzed condensation op-tert-butylcalix[4]arenes in the hope that the method will
p-tert-butylphenols with formaldehydeThe spectacular  enrich the chemical repertoire of these calix[4]arenes because
development of calix[4]arenes as molecular receptors isthe method provides easy access to novel bis- and trisformyl
related to many possible structural and functional modifica- calixarenes to allow synthesis of complex molecular receptors
tions of their core molecular architectérehich constitutes  for ionic and molecular recognitioh.

a hollow cavity flanked by a hydrophobic upper rim and a  In our experiments, we have employed hexamethylene-
hydrophilic lower rim. Regioselective functionalization of tetramine (HMTA) and trifluoroacetic acid (TFA) as reagents
the upper rim can be achieved through partial or total de- for ipso formylation. The reaction allowed the isolation of

tert-butylation ofp-tert-butylcalix[4]arenes followed by the
appropriate derivatizatiohThere is a need for direct upper
rim functionalization inp-tert-butylcalix[4]arenes to intro-
duce suitable signaling functiod8 We report herein a very
efficient direct method for the introduction of two formyl

four bisformylated bigért-butyl)calix[4]arene®¥ which were
characterized by IR antH NMR spectral analyses, as shown
in Table 1.

Thus, whenp-tert-butylcalix[4]aren€l was reacted with
hexamethylenetetramine (HMTA) in trifluoroacetic acid, it
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s product, 1,3-diformyl derivativ@a, could be isolated in 85%

Table 1. IR andH NMR (300 MHz, CDC}, 25 °C) yield even without_column purification.t.o indicate that the
Assignment of Characteristic Signals lpko-Formylated formyl group gets introduced at a position para to the free
Products phenolic group. A prolonged reaction time or excess of
H NMR reagents did not lead to further formylation. On the other
hand, when the reaction was tried with dipropyl ether of
reaction % IR calix[4]arene3® under reflux conditions for 72 h, it gave
reactant product time(h) yield voo ArCHAr C(CHg) the expected produ@a in 66% yield as well as additional
1 1a 18 78 1683 4.26(bs), 1.23(s) compounds identified a3b and3cin 12% and 18% yield.
3.66(bs) (Scheme 2). Upon restricting the reaction time to 24 h in
2 2a 24 85 1685 4.44(d), 1.02(s) this case, bisformylated derivatida was obtained in 80%
3.45(d) yield. A further decrease in the reaction time resulted in an
3 3a 24 80 1686 4.19(d), 0.95(s) incomplete reaction.
3.38(d)
3 3a 72 66 1686 4.19(d), 0.95(s)
3.38(d) |
3 3b 72 12 1685 4.24(d), 1.04(s) Scheme 2. Different Products Obtained dpso Formylation
4.35(d), of Calix[4]arene Dipropyl EtheB
3.57(d), '
3.47(d)
3 3¢ 72 18 1685 4.27(d),
4.33(d),
3.57(d),
3.50(d)
4 4a 24 62 1690 4.23-4.46(4d) 0.75(s),

3.22—3.48(4d) 1.38(s)

afforded bisformyl bigert-butyl)calix[4]arenela in 78%
yield (Scheme 1). ThéH NMR spectrum ofla in CDCl
displayed a very simple profile with resonance signals
integrating for 18H for thdert-butyl substituent ad 1.23
ppm and characteristic broad singlets for methylene bridge
protons (6= 3.66 and 4.26). The broadness of singlets in
this case is probably due to conformational flexibility of the
isolated bisformylated calix[4]arene. Detailed NMR inves-
tigations revealed that out of two possible bisformylated
products, the reaction favors the formation of a distally
substituted bisformyl derivative. Though the exact mecha-
nism is uncertain at this stage, the reaction probably takes
place through the initially formed iminium ion to yield

calixarene imines which get hydrolyzed to provide formyl-  The products obtained froBwere separated by silica gel
ated products. chromatography and were identified as cone conformers by
'H NMR analysis.3a was identified as a bisformylated

I ccrivative, and3b and 3c were found to be trisformyl

Scheme 1. Regioselectivdpso Formylation of Calix[4]arene derivatives of calix[4]arene dipropyl eth& One of these
trisformyl calix[4]arenes contained tipetert-butyl group 8b)

at the fourth aromatic ring, whereas the other trisformyl
derivative did not have the-tert-butyl group (3c). These
trisformyl calix[4]arene derivatives exhibit characteristic pairs
of doublets for methylene bridge protons and two overlapping
signals for OPr group protons. The distinguishing feature in
X=Y=H 1a the spectra of these two derivatives is the appearance of a

X=Y=H 1
X=H,Y = CH,000CsH5 2 X7 1Y = CR000CaMs 22 doublet atd 6.91 and a triplet av 6.77 indicating the
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Thus, wher?® was subjected tigpso formylation, only one 4342
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presence of a debutylated phenyl ether rin3m On the || NG

other hand, théH NMR spectrum of3b displayed three
singlets av) 7.68 (2H), 7.49(1H), and 6.91 (1H) for aromatic

protons and a singlet @t 1.04 (9H) forp-tert-butyl group - |
protons (Figure 1). OMe \
ArH /
CHO
~
0
J L,‘ Figure 2. H NMR spectrum (300 MHz, CDGJ 25 °C) and
Jd J ORTEP diagram (hydrogens and the disordered oxygen of the
o g & 4 2 formyl group are omitted for clarity) ofa.

Figure 1. *H NMR spectrum (300 MHz, CDGJ 25 °C) of 3b tert-butyl groups and three signals for the methoxy group

and3c. S . . . .
indicated thattais a highly unsymmetrical compound with
proximal substitution of the formyl group. Notably, a signal

It was interesting to observe that when completely alkyl- for one of the methoxy protons resonated at a relatively
ated calix[4]arenes such 4& were treated with HMTA in  higher field (63.84) as compared to the other two methoxy
TFA, they also underwent partial demethylation to give 9roups ¢ 3.88 and 3.90). This is probably because the
bisformyl bis(p-tert-butyl)calix[4]arene trimethyl etheta ~ Methoxy group is located within the shielding region of the

(Scheme 3), which exhibited four pairs of doublets for the neighboring aryl groups. The presence of a molecular ion
peak atm/z634 in its FAB-MS spectrum is in accordance

_ with the bisformyl derivativel in which one methoxy group
Scheme 3. Ipso Formylation of Calix[4]arene Tetramethyl was demethylated. The presence of one OH group was also
Ether supported by a broad band in its IR spectrum at 3505'cm

To rule out the possibilities of other possible products,
the structure oflawas unequivocally confirmed by its single-

methylene protons in the range &f3.23—3.48 and 4.23—
4.46 (Figure 2) in its NMR spectrum. Two singlets for the

(10) Gutshe, C. D.; Balram, D.; Levine, J. A.; No, K. H.; Bauer, L. J.
Tetrahedron1983,39, 409—426.
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(1—4)a: p-tert-Butylcalix[4]arene (0.15 mol) and hexamethylenetetramine
(6.17 mmol) were taken in trifluoroacetic acid (50 mL). The reaction mixture
was refluxed until the starting materials had disappeared (TLC). On
completion, the mixture was quenched with ice cold water and extracted
with chloroform. The organic layer was washed with water and dried
(N&SQy). The solvent was evaporated under reduced pressure, and the . . . . . .
residue was purified as mentioned to yield the desired bisformyl calix[4]- Figure 3. CH—u interactions inda. Distances are given in A.
arene product.
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crystal X-ray analysi&: Diffraction-grade crystals ofawere || NN

obtained by slow crystallization from chloroforrmethanol.

It was determined thata adopts a pinched cone conforma-

tion. The dihedral angles between the mean plane defined

by the four methylene bridges and aromatic rings B and D h

are 87.96°and 82.62°, respectively, and the planes of the mﬂmA;’

other two rings A and C are pinched to form an angle of ]

33.62°and 33.70°, respectively. The oxygen (O6) of the

formyl group at the anisole ring is disordered at two

crystallographically independent positions with 50% oc- ! 164.95(41)"

cupancy.4a is characterized by four intermolecular GH/ ,‘IzasamA

interactions between one of the methylene bridge hydrogens

and the aromatic ring (Figure 3). The presence of one

intramolecular (OH-0O) and two intermolecular (CH®H)

hydrogen bond interactions could be easily discerned (Figurerigure 4. H-bonded network found in the X-ray crystal structure

4). of 4a among the CH®-OMe group. CH-xr interactions in4a.
The formation of a proximally substituted product with ~DiStances are given in A.

partial dealkylation instead of a distally substituted formyl

derivative is under investigation in our lab. ) _
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