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Reaction of thiacalixarenes with propargyl bromide in the presence of potassium or cesium carbonates leads mainly
to mixture of the corresponding tetrasubstituted derivatives adopting 1,3-alternate and partial cone conformations.
Sodium salts like carbonate and hydride are not effective as the base for the etherification of lower rim of thiacalix[4]-
arenes by propargyl bromide. It was established that propargyl derivatives of thiacalix[4]arenes are in conformational
exchange between forms due rotation of one aryl ring.
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Thiacalix[4]arenes with Triple Bonds at the Lower Rim

Introduction

Atom economy is an important concept of green
chemistry philosophy. Last decade new synthetic approaches,
in particular, atom-economical reactions with a maximal
using of "molecular material," as well as highly selective
and thermodynamically-favored reactions are actively used
in organic and supramolecular chemistry. Term of “click
chemistry” introduced by K.B. Sharpless in 2001M is to
describe efficient and selective reactions that can be used to
join molecules together rapidly and in high yield. One of the
most promising reaction corresponding to “click reaction”
criteria is the copper-catalyzed 1,3-dipolar cycloaddition of
an triple bond with an azide to yield triazole fragment.

The functionalization of (thia)calix[4]arene derivatives
with closely located functional groups is often difficult due
to the sharp decrease of their reactivity and even change of
the chemical reaction direction.??! From this point of view
the modular approach of click chemistry seems to be a per-
spective to design more sophisticated receptor and nanosized
structures. Moreover, there is no need to protect the large
number of functional groups during transformation. So,
(thia)calix[4]arene 1-4 derivatives containing triple bonds
on upper and/or lower rims of macrocycles are interesting as
starting materials for further transformations.

However, the introduction of triple bonds at the upper
rim of calix[4]arenes requires prior a functionalization of
aromatic rings para-positions. The starting reagents for the
introduction of triple bonds on the upper rim using a transition
metal catalyzed cross-coupling reaction™! are corresponding
iodine and less reactive bromine calixarene derivatives.>?
In the case of thiacalix[4]arenes the synthesis of p-bromo-
derivatives was only described.[”? For this reason only one
example of the synthesis of thiacalix[4]arenes derivatives
containing triple bonds at the upper rim is known.?

On the contrary, the functionalization of the lower rim
can be easily achieved by direct alkylation of the phenolic
groups using reagents containing triple bonds. A number
of derivatives of classical calix[4]arenes with propargyl
fragments are known.'J However, an etherification of
free phenolic groups of thiacalix[4]arenes by propargyl
halogenides is not investigated.

Experimental

The solvents and reagents were purified before use according
to known procedures.!' The Acros chemicals were used.

The NMR experiments were carried out on a Bruker Avance
600 NMR spectrometer in CDCI, at 30 °C. Chemical shifts were
referred to residual signal of CDCI, (3, 7.26).

The IR spectra were recorded on Bruker Vector 22
spectrometer in KBr pellets at 4 cm™ resolution using 64 scans in
the wavenumber range of 400-4000 cm™.

The molecular mass spectra were measured on a MALDI-TOF
Ultraflex III mass spectrometer as solutions in the appropriate sol-
vents in the concentration range of 10°-10~ mol‘l"!. (E)-2-Cyano-3-
(4-hydroxyphenyl)acrylic acid, 1,8,9-trihydroxyanthracene, or p-ni-
troaniline were used as the matrix. The purity of the compounds was
monitored by TLC on Silufol UV 254 and Fluka 0.060-0.2 mm plate.
The melting points were determined on a Boetius PHMK 05 micro
melting point apparatus. All reactions were carried out under argon.

Calix[4]arenes 3 and 4 were synthesized according to the
known procedures,!'*!1* accordingly.
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25,26,27,28-Tetrakis(propinyloxy)-2,8,14,20-tetrathia-
calix[4]arene, 3b-d. A mixture of thiacalix[4]arene 3 (1 g, 2 mmol),
propargyl bromide (3.808 g, 0.032 mol), cesium/potassium carbon-
ate (0.04 mol) was kept at boiling in acetone (100 ml) with continu-
ous stirring for 50 hours. The reaction progress was monitored by
TLC using a 1:2 hexane-toluene mixture as the eluent. After com-
pletion of the reaction, the precipitate was filtered off and dissolved
in diethyl ether (6 ml). Then hexane (15 ml) was added, the pre-
cipitate (86/82 %, as a mixture of conformers /,3-alternate, partial
cone and cone) was formed and filtered. Individual /,3-alternate
conformer 3b was isolated (41/38 %) after column chromatography
(eluent: hexane:toluene = 1:2) and a mixture of stereoisomers par-
tial cone and the cone, which could not be separated.

3b. MALDI TOF(m/z): 648 [M], 671 [M+Nal*, 687 [M+K]",
781 [M+Cs]". IR (KBr) v cm™: 3296 (C=CH), 2120 (C=C). 'H
NMR (CDCl,, 303 K) &, ppm: 7.02 (8H, d S, =5.71 Hz, H_ ),
6.72 (4H, t F,=7.62 Hz, H_ ), 5.04 (8H, d J*;,=2.54 Hz, OCH,),
2.47 (4H,tJ*,=2.22 Hz, CH). M.p. 159-161 °C. R (toluene:hexane
=2:1) 0.30.

3¢, 3d. MALDI TOF (m/z): 648 [M]", 671 [M+Na]", 687
[M+K]", 781 [M+Cs]". IR (KBr) v, cm’: 3296 (C=CH), 2120
(C=C). R, (toluene:hexane =2:1) 0.80.

3c.'H NMR (CDCl,, 303 K) &, ppm: 7.82 (2H, d ./, =7.6
Hz, H,), 7.66 (2H, dd .#,=7.6 Hz, J' =1.6 Hz, H,), 7.4 (2H,
d /,=76 Hz, H), 7.07 (1H, t J/,,=7.92 Hz, H, ), 6.94 (1H, t
S=7192 Hz, H)), 6.89 (2H, dd .°,,=7.48 Hz, J* ,=1.28 Hz, H)),
6.66 (2H, t./, =7.92 Hz, H,), 4.90 (2H, d J*,=2.24 Hz, H ), 4.85
(4H, d J*, =2.52 Hz, H,), 4.27 (2H, d J*, =2.24 Hz, H,), 2.60 (1H,
t S, =2.24 Hz, H,)), 251 (2H, t J,,=2.52 Hz, H,), 2.18 (1H, t
J*y=2.24 Hz, H)) (atom numbering is given in Figure 1).

3d. 'HNMR (CDCl,, 303 K) 8, ppm: 7.60 (8H, d ./°,,=7.92
Hz,H, ), 6.87 (4H,tF =7.62Hz, H ), 4.74 (8H,dJ',=2.52 Hz,
OCH,), 4.48 (4H, t /', =2. 2 Hz, CH).

5,11,17,23-Tetra-tert-butyl-25,26,27,28-tetrakis-
(propinyloxy)-2,8, 14,20-tetrathiacalix[4]arene, 4b-c. A mixture of
p-tert-butyl-thiacalix[4]arene 4 (1 g, 1.4 mmol), propargyl bromide
(2.67 g, 0.0224 mol), cesium/potassium carbonate (0.028 mol)
was kept at boiling in acetone (80 ml) with continuous stirring for
50 hours. The reaction progress was monitored by TLC using 1:2
hexane-chloroform mixture as an eluent. After completion of the
reaction, the precipitate was filtered off and dissolved in chloroform
(8 ml). Then methanol (20 ml) was added, the precipitate (76/77
%) as a mixture of conformers /,3-alternate and partial cone) was
formed and filtered.

4b, 4c. MALDI TOF (m/z): 872 [M]", 895 [M+Na]", 911
[M+K]". IR (KBr)v_ cm':3290 (C=CH), 2122 (C=C). R (acetone:
hexane =1:20) 0.60 and 0.24, correspondingly.

4b. 'H NMR (CDCI,, 303 K) &, ppm: 7.58 (8H, s H,_ ), 4.68
(8H, d J*,, = 2.39 Hz, OCH,), 2.42 (4H, t, J* , = 2.39 Hz, CH),
1.27 (36H, s ‘Bu).

12 11 M

3c 4c

Figure 1. Atom numbering in compounds 3¢ and 4c.
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4c. 'H NMR (CDCl,, 303 K) 3, ppm: 7.90 (2H, s H.), 7.57
(2H, d J*,,=2.4 Hz, H, | 7.52 (2H, sH) 7.05 (2H, d J*,,;=2.36 Hz,
H,) 4.80 (2H dJ*,=2.76 Hz, H ), 4.79 (4H, d J*  =2. 72 Hz, H),
4.50 (2H, dJs, —2 76 Hz H)), 2. 52 (2H, tf‘HH:2.39 Hz, H,), 2.45
(TH, t J*,=2. 39 Hz, H,,), 2.18 (1H, t J/* =2.4 Hz, H,)), 1.43 (9H,
s ‘Bu,), 1.31 (9H, s Bu,) , 1.07 (s 18H, ‘Bu,) (atom numbering is
given in Figure 1).

Results and Discussion

The etherification of the lower rim (the phenol groups)
is a standard procedure to modify the (thia)calix[4]-
arene platform.>'™!  Accordingly, several groups have
investigated!'>'*1%1 the functionalization of (thia)calixarenes
1-4 by alkyl halides using the acetone(acetonitrile)/M,CO,
reaction system (M =Na, K, and Cs). As a part of our research
into the derivatization of lower rim of these macrocycles,?!*

11 a systematic study of the reaction of thiacalix[4]arene 3
and p-tert-butylthiacalix[4]arene 4 with propargyl bromide
in the presence of alkali metal carbonates (Scheme 1) was
carried out. Obtained data are summarized in the Table 1.

The etherification reaction of p-tert-butylthiacalix[4]-
arenc 4 and its de-tert-butylated analogue 3 in the presence of
sodium carbonate in refluxing acetone leads to the formation
of the complicated mixture of products with different degrees
of substitution. After 50 hours of refluxing, almost 90 % of
the starting material remained unchanged. This result, not
entirely unexpected, may be explained by the observation
that the same reactions with alkyl iodide/bromide gave less
than 2 % yields of alkylation products.l') At the same time
the more reactive allyl bromide (compared to alkyl bromides)
in acetonitrile offered the compound 5 in [,3-alternate
conformation with 44 % yield.’? Theoretically, propargyl

M ) BrCH,C=CH X/o | .
) P X "X >

O HQHH M,CO, 00

o M=Na, K, Cs
1: R=H, X=CH, 1b
2: R=Bu, X=CH, 2b
3: R=H, X=S 3b
4: R=Bu, X=S 4b
Scheme 1.
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bromide should be even more reactive than allyl bromide. So,
the low yields of etherification reaction by propargyl bromide
can be rationalized in term of its instability in the base media
and low nucleophilic ability of sodium phenolates.
Application of the stronger base NaH in DMF at room
temperature!>'® in the reactions with alkyl iodides usually
leads to formation of the desired tetraalkylated products. For

R
N N
oy
R oY YO R
oy
N N
R
5: X=S; R=H, Y=All 8: X=CH,; R="Bu, Y="Pr
6: X=S; R="Bu, Y="Pr 9: X=CH R=H, Y="Pr
7: X=S; R=H, Y="Pr

examples, classic calix[4]arenes 1 and 2 at these conditions
casily form tetrapropyl derivatives 8, 9 in cone conformation
in high yields (88 and 82 %, correspondingly).'” Thia-calix[4]
arenes 3 and 4 are less reactive in these reactions. Alkylation of
macrocycles 3 and 4 by propyl iodide gave tetra-derivatives in
low overall yields (30 %) as mixture of different stercoisomers:

\ R R \ R R
Q\X{@@ X \\Xo g{g
WR

1c 1d
2¢ 2d
3¢ 3d
4c 4d

Table 1. The stereoisomers yields of thiacalixarenes etherification by propargyl bromide according to NMR data of the reaction mixtures.

Cation of alkali metal carbonate

Thiacalix[4]arene 3

p-tert-Butyl-thiacalix[4]arene 4

Na* The mixture of products with different The mixture of products with different degrees of
degrees of substitution substitution
K 3c-partial cone—49% 4c- partial cone —29%

3b-1,3-alternate — 41%
3d- cone — 10%
Cs* 3c- partial cone — 54%
3b-1,3-alternate — 35.0%
3d- cone — 11%

4b-1,3-alternate — 71%

4c¢- partial cone —33%
4b-1,3-alternate — 67%

Maxkpozemepoyuravt / Macroheterocycles 2013 6(1) 47-52
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Thiacalix[4]arenes with Triple Bonds at the Lower Rim

cone, partial cone, 1,2- and 1,3-alternates.'® The interaction
with propargyl bromide in the presence of NaH as a base
did not offer the expected products of tetrasubstitution 3a-c,
4a-c. After two days, only the products with different degrees
of substitution (less than 30 %) were found in the reaction
mixture. Thus, we can conclude that sodium salts are not
effective as the base for the etherification of lower rim of
thiacalix[4]arenes by propargyl bromide.

Using potassium or cesium carbonates as the base for
the thiacalix[4]arenes O-alkylation in the refluxing acetone
or acetonitrile allows to synthesize desired tetraalkyl
derivatives in the high yields."® Despite the fact that the
preparative synthesis leads to /,3-alternate conformer,
most thermodynamically stable isomer is partial cone that
indicates on the kinetic control in the above reactions.

=== cone

1,3-alternate partial cone

—_—
—_~

1,2-alternate

Scheme 1. Interconversion pathway for calix[4]arenes.!

Indeed, at the heating (393 K) of 1,3-alternate tetra-
propyl derivative 7 in tetrachloroethane the equilibrium
(Scheme 1) between all possible conformers: cone, partial
cone, 1,2 - and 1,3-alternate, in a molar ratio of 31:58:4:7
was observed.l'”! The rate and the equilibrium constant of
interconversion process were evaluated by NMR spectros-
copy. The values of free energy conformers cone, 1,2 - and
1,3-alternate-7 relatively partial cone conformation were
0.48, 1.99 and 1.66 kcal/mol, respectively. In the case of

tetraallyl derivatives /,3-alternate conformation is not stable
in CDCI, where it is slowly converted to the partial cone
conformation already at room temperature.”?! A complete
transformation was achieved at 323 K, where the partial
cone stereoisomer seems to be dominant form.

Reaction of 3 with propargyl bromide in the presence
of potassium or cesium carbonates leads to mixture of
the corresponding /,3-alternate 3b and partial cone 3c
accompanied by small amounts of cone 3d. Similarly, 4
yields 1,3-alternate 4b and partial cone 4c¢. For p-tert-
butylthiacalix[4]arene 4 the dominant stereoisomeric form
is 1,3-alternate whereas for de-tert-butylated analogue 3 -
partial cone. This result can be rationalized in the terms of
the steric repulsion between tert-butyl groups on the upper
rim. So, three bulky tert-butyl groups located quiet closely
to each other in partial cone destabilize significantly this
conformer. Obviously, steric repulsion of tert-butyl groups
should be smaller in the corresponding /,3-alternate.

It was found that the nature of alkali metal ion of
carbonates (K, Cs) doesn’t influence on the products
ratio (Tablel). It seems likely that these reactions are
thermodynamically controlled. This suggestion will be
correct if there is conformational exchange at the reaction
temperature. A number of facts indicates it. First, the
mixture of stereoisomers 4b and 4¢ with different R, factors
(0.60 and 0.24) according to TLC was not separated by
column chromatography. Possible reason of such result
is rather fast transformation of conformers to each other
during purification. Second, broadening of practically all
'H resonances also indicates on additional conformational
exchange with a free energy barrier slightly lower than for
a single aryl ring inversion.?**! Besides 1D DPFGNOE
experiment also revealed chemical exchange between these
conformations.

8.0 7.5 7’.0 6.5 6‘.0 55 5.0 415 4.0 3‘.5 310 25 2.0 1‘. ppm
333K
c A pn
N
T T T — T T T T T T T T T T i
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 ppm
333K
. I JE L}t) :(
T T - T T T T T T T ; T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 ppm
N[ N S [ = QNS (3
~ o i erled] |+ ] Sl ol
298 K
a X
| Y A a AJ J
T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 ppm
] NN ©) O (O ) o e M
ol oo 1S NS S SIS S

Figure 2. "H NMR of the mixture of 4b and 4c after column chromatography in CDCL, at 298 K (a), 333 K (b) and 1D ROESY spectra
at 333 K (¢, d). Excited protons are marked by array (x denotes impurity).

50

Maxpozemepoyurnet / Macroheterocycles 2013 6(1) 47-52



'"H NMR spectra of the mixture of 4b and 4c after
column chromatography in CDCI, at room temperature
presumably correspond to the mixture of at least two major
conformations, /,3-alternate and partial cone first one being
approximately two times more populated (2.06:1 according
to -CH,- proton integrals, Figure 2a). These forms are in
exchange and temperature should affect their populations.
Indeed, at T=333 K, according to integral intensities (CH,
proton integrals) in '"H NMR spectra (Figure 2b), the gap in
populations is diminished notable (1.51:1).

NOE experiments (in rotation frame) at T=333 K allows
unequivocally prove that there is an exchange between
these forms, viz. there are negative NOE’s due to chemical
exchange (saturation transfer) and positive NOE’s due to
dipole-dipole interactions (close proximity). For example, if
to excite one of aromatic protons of partial cone conformer
(Figure 2¢ and 2d) there are negative echoes on other protons
of the partial cone and 1,3-alternate conformers as well.

The structure of all synthesized compounds was
established by '"H NMR, IR-spectroscopy and MALDI-TOF
mass-spectrometry. While the assignment of the partial cone
form is unambiguous, the choice between /,3-alternate and
cone conformers is not straightforward because due to high
symmetry of both forms the multiplicity and intensity of
proton signals are similar. To this end NOE measurements

S. E. Solovieva et al.

are particular useful to discriminate these structures.

For example, for compound 3b there are stereoselective
NOE’s between the protons of propargyl substituents and
aromatic rings. Namely, excitation of the m- and p-aromatic
proton H-1, 2 gave rise to an NOE enhancement at the
methine (H-3) and methylene (H-4) protons of the lower
rim substituents (Figure 3b, c). Similarly the enhancements
of the m- and p-aromatic proton H-1,2 were detected after
the selective excitation of the H-3 or H-4 protons (Figure
3d,e). These data unequivocally confirm 1,3-alternate
stereisomeric form of the macrocycle 3b.

Conclusions

The etherification of p-fert-butylthiacalix[4]arene
and its de-fert-butylated analogue with propargyl bromide
in the presence of alkali metal carbonates in refluxing
acetone was investigated. Sodium salts like carbonate and
hydride are not effective as the base in this reaction. In
the presence of potassium or cesium carbonates mixtures
of the corresponding tetrasubstituted derivatives adopting
1,3-alternate and partial cone conformations are formed. It
was established that propargyl derivatives of thiacalix[4]-
arenes are in conformational exchange between forms due to
rotation of one aryl ring.

7.0 6.5 6.0 5.5 5.0 4.5 4.0

3.5 3.0 ppm

2

70 65 6.0 55 5.0 45 40

35 30 "opm
HA  H-2 H-3 H-4
a
\ 1 1
L L L L L Trrrrrrrrrr-rr -1 -1 1"
0 6.5 6.0 5.5 45 40 35 3.0 ppm

W i

Figure 3. Identification of the /,3-alternate stereoisomer 3b: 'H NMR (600 MHz, CDCl,, T=303 K) spectrum (a), DPFGNOE spectrum
with H-1 irradiated (b), DPFGNOE spectrum with H-2 irradiated (c), DPFGNOE spectrum with H-3 irradiated (d), DPFGNOE spectrum

with H-4 irradiated (e). Excited protons are marked by array.
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