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The reversible acid-base isomerization of fullerene Cg, hybrid
compounds with spiropyrans has been performed for the first
time. It has been found that irradiation induces isomeriza-
tion only for hybrid bearing NO, group in the photochromic
spiropyran part, while the treatment with trifluoroacetic
acid induces isomerization for compounds containing NO,,
Cl or F, i.e. irrespective of the nature of substituent in the
spiropyran moiety.

X =NO,, CI, F

The ability of organic molecules to undergo reversible structural
changes as a result of external factors is of great importance for
the design of field effect transistors, sensors and optical memory
elements, as well as photochemically and electrochemically
switchable catalytic, enzymatic, bio- and chemosensing systems.
Among organic compounds of this reversible structure type,
spiropyrans deserve special attention due to the large amount of
possible ways of initiating their isomerization. For example,
colorless spiropyrans can be converted to the corresponding
colored isomeric merocyanines under the action of ultraviolet
light,'3 electric voltage,*> some solvents,%” metal ions,® carbon
dioxide,'? tensile force applied to polymers with spiropyran
moieties,!! heating!? and acids or bases.!>!

The combination of spiropyrans possessing high sensitivity to
various types of external action with nano-sized carbon clusters,
namely fullerenes, carbon nanotubes or graphene, may result in
multifunctional materials for cell imaging, memory and recording
devices, colorimetric sensors and other prospective applica-
tions.”15-22

Despite the advances in the synthesis of new nanomaterials,
little data’?3 is available on the chemical binding of fullerenes
to spiropyrans. Meantime, such fullerene—spiropyran hybrid
materials may have not only the increased sensitivity to external
influence, but also high quantum yield of photoinitiated isomeriza-
tion, along with the highest two-photon absorption coefficients,
among the known photochromic systems, inherent in both inter-
converting isomers.>*

Recently,”® we synthesized fullerene Cgy—spiropyran com-
pounds 1a—c by 1,3-dipolar cycloaddition of azomethine ylides,
generated in situ from spiro photochromes, to fullerene Cg, (Prato
reaction). The physicochemical investigations of the obtained
hybrids 1a—c indicated that the reversible phototransformation
took place only for compound 1a with an NO, group in the pyran
moiety, whereas Cl- and F-substituted compounds 1b and lc,
respectively, did not undergo the transformation upon con-
tinuous or pulsed photoexcitation. We assumed?>23 that the lack
of photochromism for the hybrids 1b,c could be caused by
reabsorption of the activating radiation by the fullerene core,
since the absorption bands of spiropyran moieties for the cor-
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responding starting compounds overlapped with the bands of
fullerene Cgy.

As a continuation of our work we investigated the
possibility of isomerization of hybrid compounds la—c¢ upon
acid or base treatment.

23,25-29
9

(TFA) O
( N O NO, N HO

\
Me CF;CO;
3 4

Scheme 1 Acid-base isomerization of spiropyrans to protonated mero-
cyanines.

T General procedure for the acid-base isomerization of compounds
la—c. Trifluoroacetic acid (13.9 umol) was added to a solution of the
corresponding hybrid compound 1a—c (13.9 pmol) in toluene (10 ml). For
neutralization of acid the equimolar quantity of triethylamine was added.
Spectrophotometric measurements for solutions were carried out on an
Agilent Cary 60 Bio spectrophotometer in a KU-1 quartz cell with optical
path length of 2 mm. The isomerization was investigated at room tempe-
rature for 0.2 mM solutions of 1la—c.
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Figure 1 Normalized absorption spectra for compound 1a in toluene:
(1) initial solution, (2) after TFA-induced isomerization and (3) after further
treatment with Et;N. Inset: the corresponding absorption spectra for the model
spiropyran 3.

After addition of trifluoroacetic acid (TFA), the isomerization
of spiropyran moieties in hybrids la—c results in protonated
merocyanine compounds 2a—c (Scheme 1). As a model for
comparison, we chose the spiropyran 3 (Scheme 1), which did
undergo pyran ring opening both under photoexcitation and on
treatment with TFA.

Similar to the model spiropyran 3, the hybrid compound 1a
was converted, on treatment with TFA, to the protonated mero-
cyanine 2a, which showed a new band at 415 nm in the absorp-
tion spectrum (Figure 1). Merocyanine 4, obtained by the similar
treatment of spiropyran 3, gave rise to an absorption peak at
440 nm (inset in Figure 1). Treatment of protonated merocyanines
2a and 4 solutions with triethylamine afforded the starting spiro-
pyrans 1a and 3, respectively. According to the published data,'*
the conversion of merocyanine 4 to spiropyran 3 proceeds via the
formation of another intermediate merocyanine structure as a
result of deprotonation of phenolic hydroxyl group. The forma-
tion of intermediate merocyanine after treatment of compound 4
with triethylamine was evidenced by an absorption peak at 580 nm
(inset in Figure 1, curve 3).

Spiropyran ring opening in the hybrid molecule 1a, like that
for the model spiropyran 3, was confirmed by NMR data. The
TFA-induced isomerization for compound 3 was detected by
a downfield shift (from 2.4 to 4.0 ppm) of the signal for the
methyl group at the indole nitrogen atom (Figure S1, see Online
Supplementary Materials). The "H NMR spectrum of the hybrid
compound la (Figure S2) exhibited not only the TFA-induced
downfield shift for methyl group at the indole nitrogen (from 2.6
to 3.6 ppm), but also broadening of the signal of the methyl group
at the pyrrolidine ring fused to the fullerene core (~2.9 ppm),
which was apparently caused by the formation of a quaternary salt
at the pyrrolidine moiety. Upon neutralization of TFA with Et;N,
the initial "H NMR spectra were restored (Figures S1 and S2).

After treatment of compounds 3 and 1a with TFA, the cor-
responding protonated merocyanines 4 and 2a are formed in
quantitative yield, whereas the photoinitiated transformation
of spiropyranes to merocyanines proceeds in not more than
20% yield.'* Presumably, the TFA-induced pyran ring opening
in molecules of 3 and 1a occurs as a result of deactivation of
the nucleophilic phenol oxygen atom upon protonation.'*30
Neutralization of TFA with an equimolar amount of Et;N
liberates the nucleophilic phenoxide anion and, as a consequence,
gives the starting spiropyran (Scheme 2).

Similar results have been obtained for hybrid compounds 1b
and 1c with Cl and F atoms, respectively, in the spiropyran
moiety instead of the NO, group. Although hybrids 1b and 1c¢
did not undergo photoinduced isomerization, treatment of their
solutions with TFA resulted in stable protonated merocyanines
2b and 2¢ (see Online Supplementary Materials).
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Scheme 2

Since TFA-induced isomerization of the spiropyran moieties
in the hybrids 1a—c and the photoinduced isomerization of com-
pound 1a are reversible processes and the synthesized compounds
are stable against photodegradation, these hybrid derivatives of
nanosized carbon clusters, in our opinion, are promising active
components for multi-resistor electric switches.
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Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2019.03.039.
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