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Photophysical properties of new anthracene-ended calix[4]resorcinols
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New calix[4]resorcinolswith four anthracene-ended triazole-
containing fragmentsasrctt- and rccc-diaster eoisomer swere
obtained in two synthetic pathways, namely, by acid-
catalyzed condensation of resorcinolswith 4-{[1-(anthracen-
9-yImethyl)-1H-[1,2,3]triazol-4-ylimethoxy} benzaldehyde or
by the click reaction of 9-(azidomethyl)anthracene with
calix[4]resorcinols bearing four terminal acetylene moieties.
The compounds obtained demonstrate dual emission in solid
statewith intensity of low ener gy band depending on calix[4]-
resorcinol conformation. The emission in solutions is
dominated by anthracene bands, with rccc-isomer showing
additional low energy band.
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Calix[4]resorcinols are macrocyclic products of acid-catalyzed
condensation of resorcinols with aldehydes or acetals. The
scientific interest towards them is caused by their unique
reactivity features, in particular, the possibility of their easy
modification by introducing various functionalized substituents
affording more complex macromolecules capable of creating
new supramolecular and coordination systems with unique
properties.-3

Calixarenes containing anthracene units have been found to
serve as effective receptor systems for recognizing various ions
and neutral molecules. For example, those with two anthracene
moieties coupled with the calixarene matrix through azo- or
imine bonds are selective chemosensors toward divalent metal
ions such as Cd2*, Cu2*, Fe?* (refs. 4, 5) and Ca?*.6 Antracenyl-
containing azacrown calix[4]arene conjugate can act as an
‘off-on’ fluorescent indicator for detection of potassium ions.”
Calix[4]arenes bearing two anthryl subunits linked to the lower
rim by triazole(-ium) bridges (synthesized via the click reaction)
are sensitive fluorescence sensors for selective recognition of
picric acid® and nucleoside triphosphates.® The calixarene
platform would determine the relative position of fluorophore
moieties that can affect the emission properties of the latter
similar to published conformation-controlled emission for
tetraphenylethene-embedded pillar[5]arene.’® The specific
packing of anthracene-containing compounds can also lead to
formation of excimers and appearance of additional emission
that can be affected by aggregation'12 or pressure, 314

Our investigations are focused at developing the one-step
synthesis of new functionalized calix[4]resorcinols by acid-
catalyzed condensation of various aldehydes or acetals, as well
as vinyl phosphonates, with resorcinol and its derivatives.1>-18
In this work for the obtaining of novel calix[4]resorcinols with
four anthracene-ended triazole-containing fragments, a new
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functionalized benzaldehyde, namely, 4-{[1-(anthracen-9-
ylmethyl)-1H-[1,2,3]triazol-4-yl]methoxy}benzaldehyde, was
introduced into the acid-catalyzed condensation with resorcinols.
We also showed that the same macrocyclic products could be
obtained by the click reaction of 9-(azidomethyl)anthracene with
previously obtained calix[4]resorcinol derivatives equipped with
four terminal alkyne groups. Both synthetic pathways are
based on the efficient click approach with the use of the
CuS0O,-5H,0/sodium ascorbate catalytic system and lead to the
different calixarene diastereoisomers. It has been revealed that
the obtained diastereomers demonstrate different photophysical
properties.

Initially, the Cu-catalyzed click reaction between 4-propargyl-
oxybenzaldehyde®® 1 and 9-(azidomethyl)anthracene? afforded
new 4-{[1-(anthracen-9-ylmethyl)-1H-[1,2,3]triazol-4-ylI]-
methoxy}benzaldehyde 2 (Scheme 1). The subsequent acid-
catalyzed condensation of aldehyde 2 with resorcinol and
2-methylresorcinol in CHCI; in the presence of trifluoroacetic
acid gave the corresponding calix[4]resorcinols 3a,b.

Importantly, in the case of resorcinol, the rccc-3a
diastereoisomer in the cone conformation was obtained in a yield
of 72% (see Scheme 1). When 2-methylresorcinol was used, the
rcce-3b in the cone conformation was predominantly formed in
67% vyield along with 12% of the minor rctt-3b isomer in the
chair conformation. Due to their different solubilities, both
products were separated by sequential recrystallization from
acetone and ethanol.

Products with the similar compositions were alternatively
obtained by the click reaction of previously synthesized
rctt-diastereoisomers of calix[4]resorcinols 4a,b'® (chair
conformation) having four propargyl groups with 9-(azido-
methyl)anthracene (Scheme 2). The reactions proceed with the
retention of the conformational features of the initial macrocycles,
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Scheme 2 Reagents and conditions: i, CuSO,-5H,0, Na-ascorbate, THF,
H,0, 60-65 °C, 18 h.

and as a result, only rctt-diastereoisomers of the corresponding
calix[4]resorcinins 3a,b are formed. It should be noted that
macrocyclic products obtained according to Scheme 1 are not
available by protocol from Scheme 2, and vice versa, excluding
calixresorcinol rctt-3b.

The structures of all synthesized compounds were confirmed
by NMR (*H, 13C, HSQC, HMBC) and IR spectroscopy, mass
spectrometry (MALDI-MS) and elemental analysis. Calix[4]-
resorcinols are known to exist as four diastereoisomers with
rcce-, rect-, rett- and rtet-configurations of substituents and in
1,2-alternate, 1,3-alternate, cone and chair conformations?
depending on reaction conditions, nature of substituents and
functional groups present in the molecule. In our case, each
group of signals in the NMR spectra of compounds rccc-3a and
rccc-3b appears as a single peak, which indicates the existence

R
HO\©/OH

a R =H, rccc (72%)
b R =Me, rccc (67%) + rctt (12%)

Scheme 1 Reagents and conditions: i, CuSO,-5H,0 (cat.), Na-ascorbate, THF, H,O, argon, 60-65 °C, 24 h; ii, CF;CO,H, CHClIj, argon, 45-50 °C, 24 h.

of a highly symmetrical cone conformation with rccc-
configurations of substituents in the solutions. The 'H and
13C NMR spectra of compounds rctt-3a and rctt-3b in the chair
conformation with rctt-configurations of substituents display
doubling of their proton and carbon signals for the resorcinol
fragments; this attests to the different, vertical (v) and horizontal
(h), arrangements of opposite resorcinol rings with respect to the
macrocyclic plane as was the case for analogous calix[4]-
resorcinol derivatives in our previous publications (for details,
see refs. 16-18, 22, 23).

We have found that the calix[4]resorcinols rccc-3b and
rctt-3b with different conformations demonstrate different
photophysical properties. Figure 1(a) represents the absorption
spectra of the mentioned compounds measured in DMSO with
the initial aldehyde 2.

The absorption spectra of 2, rcce-3b and rctt-3b in solution
have a well-structured vibrational band of typical anthracene
derivatives with peaks located at A, of 336, 352, 370 and
390 nm. The spectrum of rcce-3b contains additional band at
546 nm, which is absent in the spectra of 2 and rctt-3b. It should
be mentioned that the UV spectra of another pair of rccc and rctt-
isomers (rccc-3a and rctt-3a) also differ by the presence of
additional low-energy band in the spectrum of the former (see
Online Supplementary Materials, Figure S1). These low-energy
bands are most probably associated with the close location of
anthracene-ended triazole fragments in rccc-isomers (videinfra).

Emission spectra of the compounds have been recorded in
solid state as well as in THF solution [Figures 1(b) and 2,
respectively]. All compounds in the solid state demonstrate
emission band with maximum at 425-450 nm related to
anthracene. The initial aldehyde 2 demonstrates additional band
at 530 nm which is much less intensive in the case of rctt-3b
isomer (chair conformation). In contrast, the spectrum of
rccc-3b isomer (cone conformation) contains a strong band at
580 nm. One of the possible explanation of these low energy
bands is anthracene-anthracene or anthracene-triazole C-H---n
interactions leading to an excimer emission due to close location
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Figure 1 (a) Absorption spectra (C = 10-° mol dm=3) and (b) solid-state
emission spectra of (1) aldehyde 2, calix[4]resorcinols (2) rccc-3b and
(3) rctt-3b.

of these moieties in cone conformation which is avoided in chair
conformation.324-28 The molecules of aldehyde 2 most probably
are arranged randomly in the solid state, although formation of
similar pairs is not impossible but less likely, which leads to a
decrease in the intensity of the corresponding band.

The abovementioned hypothesis is confirmed by analysis of
emission in solution. Whereas excitation at 380 nm leads to the
ordinary anthracene emission in the spectra of 2, rccc-3b and
rctt-3b [Figure 2(a)], excitation at 500 nm leads to the appearance
of an additional band at ~560 nm in the spectrum of rccc-3b
exclusively [Figure 2(b)]. Being dissolved in THF, aldehyde 2
molecules are separated and do not form excimers, and
anthracene fragments in rctt-3b isomer (chair conformation) are
able to deviate from each other, whereas rccc-3b isomer (cone
conformation) does not enable such separation. It should be
mentioned that the emission spectra of rccc-3a and rctt-3a
demonstrate the similar trend: being excited at 500 nm, rccc-
isomer emits at ~530-540 nm (see Online Supplementary
Materials, Figure S2). The integral quantum yields of emission ¢
for compounds 3a,b when excited at 366 nm are 1-4%, for
aldehyde 2 it is 22%. The bands near 550 nm appearing in the
spectra of compounds rccc-3a and rccc-3b are very weak,
namely, the ¢ value measured at A4, = 488 nm is lower than
0.01%.

Further evidence in favor of aggregation-induced origin of the
low-energy emission is suggested by the analysis of spectra
recorded in THF/H,O mixtures of various compositions
(Figure 3). All three compounds are insoluble in water, and an
addition of the latter to THF presumably initiates self-aggregation
of the solutes. The admixture of water in THF leads to rather
moderate changes in the emission of the solutions of 2 (see
Online Supplementary Materials, Figure S1). For rcce-3b and
rctt-3b, the addition of one part of water to 4 parts of THF leads
to an intensification of the emission band at ~560 nm, whereas a
further increase in water content leads to quenching of emission.
It should be mentioned that in rctt-3b the band appears as a weak
shoulder.

In conclusion, new calix[4]resorcinols with four anthracene-
ended triazole-containing fragments predominantly as rccc-
diastereoisomers have been synthesized by the one-step acid-
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Figure 2 Emission spectra of (1) 2, (2) rcce-3b and (3) rctt-3b in THF
solution (C = 10 mol dm3), excitation wavelengths: (a) 380 and
(b) 500 nm.
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Figure 3 Emission spectra of (a) rccc-3b and (b) rctt-3b solutions in
(1) THF, (2) THF:H,0 (4:1), (3) THF:H,0 (3:2), (4) THF:H,0 (2:3),
(5) THF:H,O (1:4); C =10 mol dm3,

catalyzed  condensation  of  resorcinols  with  new
4-{[1-(anthracen-9-yImethyl)-1H-[1,2,3]triazol-4-ylJmethoxy}-
benzaldehyde obtained, in turn, by the Cu-catalyzed alkyne—
azide cycloaddition (click reaction). The similar products were
directly synthesized via the click reaction of 9-(azidomethyl)
anthracene with calix[4]resorcinols equipped with four propargyl
groups. In this case, only rctt-diastereomers of the corresponding
calixarenes are formed, which is determined by the
conformational features of the initial macrocycles.

Compounds 2, rcce-3a,b and rett-3a,b demonstrate emission
both in solid state and in solutions. In the solid state dual emission
has been observed with wavelength and intensity of low energy
band depending on calix[4]resorcinol conformation. The low
energy band most probably results from formation of anthracene—
anthracene or anthracene-triazole C-H---wt interactions leading
to an excimer emission due to close location of latter in cone
conformation.
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Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2020.09.033.

References

1 1. S. Antipin, E. Kh. Kazakova, W. D. Habicher and A. I. Konovalov,
Russ. Chem. Rev., 1998, 67, 905 (Usp. Khim,, 1998, 67, 995).
2 V. K. Jain and P. H. Kanaiya, Russ. Chem. Rev, 2011, 80, 75
(Usp. Khim,, 2011, 80, 77).
3 I.R. Knyazeva, A. R. Burilov, M. A. Pudovik and W. D. Habicher, Russ.
Chem. Rev., 2013, 82, 150.
4 M. A. Qazi, |. Qureshi and S. Memon, J. Mol. Struct., 2010, 975, 69.
5 A. Kumar, A. Ali and C. P. Rao, J. Photochem. Photobiol., A, 2006, 177,
164.
6 H. Liu, Y. Xu, B. Li, G. Yin and Z. Xu, Chem. Phys. Lett., 2001, 345,
395.
7 J. S. Benco, H. A. Nienaber, K. Dennen and W. G. McGimpsey,
J. Photochem. Photobiol., A, 2002, 152, 33.
8 F. Zhang, L. Luo, Y. Sun, F. Miao, J. Bi, S. Tan, D. Tian and H. Li,
Tetrahedron, 2013, 69, 9886.
9 V.V.S. Mummidivarapu, V. K. Hinge, K. Samanta, D. S. Yarramala and
C. P. Rao, Chem. —Eur. J., 2014, 20, 14378.
10 B. Han, L. Zhu, X. Wang, M. Bai and J. Jiang, Chem. Commun., 2018,
54, 837.
11 K. Duraimurugan, J. Sivamani, M. Sathiyaraj, V. Thiagarajan and
A. Siva, J. Fluoresc., 2016, 26, 1211.
12 G. Zhang, G. Yang, S. Wang, Q. Chen and J. S. Ma, Chem. — Eur. J.,
2007, 13, 3630.
13 A. Li, Z. Ma, J. Wu, P. Li, H. L. Wang, Y. Geng, S. Xu, B. Yang,
H. Zhang, H. Cui and W. Xu, Adv. Opt. Mater., 2018, 6, 1700647.
14 G. Gogoi, D. Kashyap and R. J. Sarma, Cryst. Growth Des., 2018, 18, 4963.

- 652 -



15

16

17

18

19
20

21
22

Mendeleev Commun., 2020, 30, 650-653

I. R. Knyazeva, A. R. Burilov, M. A. Pudovik and O. G. Sinyashin,
Phosphorus, Sulfur Slicon Relat. Elem., 2016, 191, 391.

I. R. Knyazeva, D. K. Abdrafikova, K. M. Mukhamedyanova,
V. V. Syakaev, B. M. Gabidullin, A. T. Gubaidullin, W. D. Habicher,
A. R. Burilov and M. A. Pudovik, Mendeleev Commun., 2017, 27, 556.
I. R. Knyazeva, K. M. Mukhamedyanova, V. V. Syakaev,
A. T. Gubaidullin, W. D. Habicher and A. R. Burilov, Tetrahedron Lett.,
2018, 59, 1683.

I. R. Knyazeva, V. V. Syakaev, O. A. Lodochnikova and A. R. Burilov,
Mendeleev Commun., 2019, 29, 700.

M. Pal, K. Parasuraman and K. R. Yeleswarapu, Org. Lett., 2003, 5, 349.
S. Ast, T. Fischer, H. Mdller, W. Mickler, M. Schwichtenberg, K. Rurack
and H.-J. Holdt, Chem. — Eur. J., 2013, 19, 2990.

A. G. S. Hoegberg, J. Org. Chem., 1980, 45, 4498.

I.R. Knyazeva, V. I. Sokolova, M. Gruner, W. D. Habicher, V. V. Syakaev,
V. V. Khrizanforova, B. M. Gabidullin, A. T. Gubaidullin,
Y. H. Budnikova, A. R. Burilov and M. A. Pudovik, Tetrahedron Lett.,
2013, 54, 3538.

23 I. R. Knyazeva, V. |. Matveeva, V. V. Syakaev, B. M. Gabidullin,
A. T. Gubaidullin, M. Gruner, W. D. Habicher, A. R. Burilov and
M. A. Pudovik, Tetrahedron Lett., 2014, 55, 7209.

24 T. Steiner, Angew. Chem,, Int. Ed., 2002, 41, 48.

25 H. Saigusa and E. C. Lim, J. Phys. Chem,, 1995, 99, 15738.

26 H. Saigusa, M. Morohoshi and S. Tsuchiya, J. Phys. Chem., A, 2001,
105, 7334.

27 T. Chakraborty and E. C. Lim, J. Phys. Chem., 1993, 97, 11151.

Received: 30th January 2020; Com. 20/6124

- 653 -



