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Abstract: Bistable compounds capable of reversible molecular rearrangements between two nonequiv-

alent states are of great interest for the creation of new materials and the study of many chemical and 

biological processes that are used in modern technologies. One of the most studied mechanisms of the 

functioning of such bistable systems is photochromism—a change in the structure and spectral prop-

erties of compounds under the influence of external factors. Among the most studied classes of organic 

photochromic structures are spirocyclic compounds, such as spiropyrans, which are capable of switch-

ing between the usually colorless cyclic and colored merocyanine forms when exposed to external 

stimuli such as light, temperature, pressure, polarity, mechanical stress, electric or magnetic field, 

which allows their use in memory elements, as optoelectronic devices, sensors, etc. The choice of spi-

ropyrans as model compounds of this class of photochromic molecules is not accidental, since they are 

the most well-known and unique representatives of photochromic compounds due to the relative ease 

of their preparation, structural modification and the possibility of targeted changes in spectral and 

kinetic characteristics over a wide range. The isomeric forms of spiropyrans differ significantly in their 

physical and optical properties, which makes them very promising compounds for use in various 

fields of science and technology. In this work, we report the synthesis of a new salt of photochromic 

spiropyran containing various functional groups (–CHO, –NO2, –OCH3, –(CH2)5PPh3), capable of re-

versibly responding to external influences. Photoinduced transformations, spectral and kinetic char-

acteristics of the synthesized compound were studied. 
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1. Introduction 

Organic photochromic molecules are part of a large number of hybrid structures, 

materials and devices that operate under the remote control of light radiation [1–5]. 

Among the wide range of organic photochromes, spiropyrans are one of the most inter-

esting classes due to their high photosensitivity, easy structural modification and rela-

tively easy method of their preparation. The photochromic properties of spiropyrans are 

due to photolytic cleavage of the Cspiro–O bond under the influence of ultraviolet radia-

tion, which leads to the formation of a brightly colored form of merocyanine (MC). The 

spirocyclic (SP) and merocyanine forms of spiropyrans differ from each other in absorp-

tion spectra, dipole moments, metal ion affinities, fluorescence, etc., making these com-

pounds effective molecular switches. Such switches find application in various fields of 

science and technology [6–9]. 
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2. Results and Discussion 

In order to expand the range and predict the influence of the nature and position of 

substituents on the photochromism of spirophotochromes of the indoline series, we ob-

tained spiropyran 5, containing various functional groups in its structure. 

Spiropyran 5 was obtained according to the previously proposed [10] method, ac-

cording to Scheme 1: 

 

Scheme 1. Synthesis of compounds 5. 

The product 5 was purified by silica column chromatography using 5:1 CHCl3:EtOH 

as the eluant. The structures of compound 5 were determined using 1H and 13C NMR spec-

troscopy and high–resolution mass spectrometry. 

 

Figure 1. 1H NMR spectra of compound 5. 
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Figure 2. 13C NMR spectra of compound 5. 

In the 1H NMR spectrum of compound 5 in chloroform-D, the signal positions and 

the spin–spin coupling constants, are in line with the presented structure. For example, 

two singlets at 1.16 and 1.29 ppm correspond to methyl protons at the indole nitrogen 

atom. The singlet with a chemical shift at 3.71 ppm corresponds to protons of carbon at 

the methoxy group. The signal indicating the presence of a spirocyclic structure is a dou-

blet in the aromatic region at 5.91 ppm with a spin–spin coupling constant of 10.3 Hz, 

which corresponds to the CH group at the spiro atom in the pyran moiety. The formyl 

proton signal is manifested at 9.79 ppm. 

In the 13C NMR spectrum of compound 5 in chloroform-D, the number of signals is 

equal to the number of carbon atoms in the molecule. The metoxy group carbon signal is 

detected at 56.25 ppm. The characteristic signal of the spirocyclic carbon atom is mani-

fested at 106.22 ppm and is correlated with the proton signal of the methyl groups and the 

C3’ and C4’ proton signals in the 1H–13C HMBC spectrum. The formyl carbon signal is 

detected at 190.63 ppm. 

The photoinduced spectral changes of spiropyran in ethanol is shown in Figure 3a. It 

can be seen that the absorption spectrum of the photoinduced merocyanine form has ab-

sorption maximum in the visible region at 586 nm. During the dark relaxation process, the 

intensity of photoinduced absorption bands gradually decreases. 

The decline in the amplitude of variation of the absorption band intensity of the pho-

toinduced merocyanine form of spiropyran 5 indicates that this compound is subject to 

photochromic transformations accompanied by a gradual photodegradation (Figure 3b). 
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(a) (b) 

Figure 3. (a) Absorption spectra of spiropyran 5 in ethanol before (1), after UV irradiation during 60 

s through a UFS–1 optical filter in the photoequilibrium state (2), and subsequent dark bleaching (3–

7). (b) Kinetics of coloration through a UFS–1 optical filter and subsequent bleaching in the dark for 

compound 5 dissolved in ethanol measured at 586 nm. 

With continuous exposure of a solution of compound 5 to UV light, a gradual de-

crease in intensity at the absorption maximum of the merocyanine form can be observed 

in the spectrum, which indicates the destruction of spirophotochrome. Complete photo-

decomposition is observed after 1.5 h (Figure 4). 

 

Figure 4. Kinetics of photodegradation of spiropyran 5 upon continuous UV irradiation through a 

UFS–1 light filter, recorded at 586 nm. 

3. Conclusions 

Thus, in this work, we synthesized a new photochromic spiropyran salt containing 

various functional groups, characterized by photochromism and significant resistance to 

irreversible phototransformations. Photoinduced transformations and optical characteris-

tics of the synthesized compound were studied. 

This opens up prospects for the application of such hybrid molecules in organic field 

effect transistors, solar energy converters and memory elements. 
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