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ABSTRACT: A diarylethene core decorated with two benzooxazolidine side-arms through 

ethylenic spacers represents a smart example of multi-addressable system whose reversible 

responses could be selectively activated on demand. UV-Visible and NMR spectroscopies 
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and electrochemical studies allow to overview its performances when stimulated by light, 

acid/base and electrons, then underlining its photochromic, acidochromic and electrochromic 

properties. The multichromophoric combination could be considered as multifunctional and 

multistate systems, as interconversions can be performed by different stimuli whereas each 

stimulus provides a specific metastable state.  

1. Introduction.  

Photochromic diarylethenes possessing reversible sets of physicochemical properties have 

been largely exploited for applications such as switches, rectifiers and memories [1-3]. In fact, 

their excellent photochromic performances encompassing fatigue resistance, short time 

response, high quantum yields and no thermal isomerization, ensure to switch upon 

irradiation between colorless and closed colored forms which exhibit different properties. 

Furthermore, diarylethenes have been reported to exhibit electrochromic behavior performing 

cyclisation/ ring opening by application of an electrochemical potential [4-6]. Indolino[2,1-

b]oxazolidine derivatives [7-9] belong to a more recent family of photochromic dyes displaying 

multimodal photo- and acidochromic properties. In addition, the substitution of an indolino[2,1-

b]oxazolidine unit with a bithiophene redox probe generated a system capable to be 

commuted reversibly and indifferently either under UV irradiation, acidity changes or 

electrochemical stimulation, and thus, confers to this molecular system a pretty and 

uncommon trimodal switching behavior. [10] 

In this context, the combination of diarylethene and indolino-oxazolidine units through 

covalent linkers offers a multi-addressable system expected to provide up to 2n distinct states 

(with n the number of addressable units). The main challenge of such system is not only to 

keep the selective and controlled addressing of individual units but also to find the right 
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equilibrium between multifunctional (the same interconversion can be performed by different 

stimuli) and multistate (each stimulus provides a specific metastable state) properties.  

The present paper deals with the design and the investigation of the behavior of a novel 

molecular system 1 associating the two types of photochromic compounds through ethylenic 

junction (Scheme 1) and its bis-methyl substituted derivative 2. As consequence, the 

presence of five addressable units should lead to 25 different states according to the closed or 

open forms of indolino-oxazolidine, associated with trans or cis ethylenic junction to the open 

or cyclized diarylethene and excluding the absolute stereochemistry of the molecular system 

(due to the presence of an asymmetric carbon atom in the closed forms of indolino-

oxazolidine). The 32 possible states are reduced to 18 due to symmetry consideration. Each 

unit exhibiting different and complementary multimodal switching abilities, their association 

should lead to the development of a promising molecular multistate system where the 

individual units could be selectively addressed by selecting the appropriate stimulation (light, 

chemicals, and electron). This keypoint is particularly relevant for molecular memory or logic 

gate operators [11-14]. As a consequence of their mutual influence, the commutation of the 

different addressable units is expected to induce a drastic change of the optical properties of 

the whole molecular system. In this context, the UV-Visible absorption spectroscopy is 

certainly the simplest characterization technique to monitor the different commutation states 

under various stimuli. In parallel, NMR spectroscopy offers an elegant way to structurally 

characterize the various isomers.  
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Scheme 1.  Target compounds1 and 2 and the eighteen possible combinations (� Box, � 

C=C, � DAE) 

2. Results and discussion. 

2.1 Investigations of processes between all-trans isomers of targets in their initial state Itt  

Addition of trifluoroacetic acid (TFA) in CH3CN solution of target 1 (2) in its initial state Itt 

induced the opening of both oxazolidine rings into the corresponding protonated form IItt (See 

scheme 2 for structures of states) concomitantly with color change of solution from colorless 

to yellow (Figure 1, 1; data for 2 are in supplementary materials). The successive addition of 

some acid aliquots revealed an isosbestic point evidencing that the oxazolidine ring opening 

did not occur in a stepwise manner. Indeed, under their closed forms, the indoline 

heterocycles are generally almost orthogonal to their olefinic substituent [15-16]. As a 

consequence, no interaction through bonds between them could be expected leading to an 

independent behavior and then a concomitant commutation of them when the indolino-

oxazolidine units, hereafter named BOX for convenience, are directly stimulated. Absorption 

band is bathochromically shifted to 442 nm (443 nm) with a concomitant decrease of the band 

at 280 nm, translating the extension of the π conjugated system and the establishment of a 

charge transfer band between thienyl donor and indoleninium acceptor parts. The 

indoleninium moities (N-CH2-CH2-OH) are clearly identified by two well-resolved triplets at 4.0 
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and 4.6 ppm in 1H NMR spectrum, characterizing IItt , having its ethylenic junctions in trans 

isomery, as indicated by the two doublets at 7.2 (I=2H) and 8.4 (I=2H) ppm with a vicinal 

scalar coupling of 15.9 Hz (Figure 2). Closure of BOX units upon neutralization with 

triethylamine (TEA) vapor was confirmed by the disappearance of absorption band at 442 nm 

and the initial absorption spectrum was recovered entirely. This was nicely evidenced by NMR 

studies where a concomitant disappearance of triplet signals at 4.0 and 4.6 ppm and the 

reappearance of CH2 signals for closed BOX between 3.3 and 3.8 ppm were observed. 

Consequently, the stimulation of the system by pH change allows to switch between states Itt  

and IItt  in a selective, quantitative and reversible manner. 

 

Figure 1. Absorption changes Itt�IItt  (1, 2.5 x 10-5 M, CH3CN) upon acid addition.   
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Figure 2. 1H NMR spectrum a) of state Itt  b) of state IItt  (1, 10-3 M, CD3CN).   

 

Both DAE and BOX exhibit photochromic behavior, nevertheless irradiation of target 1 (2) in 

its initial state Itt  in acetonitrile with 254 nm or 312 nm light conducts to selective cyclization of 

the diarylethene unit (abbreviated as DAE) as supported by the appearance of a band at 585 

nm (583 nm), and the concomitant decrease of the band at 280 nm (285 nm) (Figure 3). This 

process is accompanied by a color change of solution from colorless to blue. From 1H NMR 

spectrum, 90 % of conversion is quantified from the CH3 and the thienyl 1H signals shifted 

from 1.95 to 2.1 ppm, and from 7.1 to 6.5 ppm, respectively, evidencing the cyclization of DAE 

in IVtt  (Figure 4). State IVtt  is thermally stable for weeks at ambient temperature, while 

bleached completely back to colorless solution with visible light (577 nm) irradiation. 

 

Figure 3. Absorption changes Itt�IVtt  (1, 2.5 x 10-5 M, CH3CN) upon 312nm light irradiation.   
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Figure 4. 1H NMR spectrum a) of state Itt  b) of state IVtt  (1, 10-3 M, CD3CN).   

 

Consequently, the stimulation of the system by UV then Visible light induces the switch 

between the states Itt  and IVtt  in a selective, almost quantitative and reversible manner. 

Whatever the wavelength selected no traces of photoinduced ring-opening of BOX 

accompanied the DAE cyclization. To stimulate the BOX motif, chlorobenzene was added as 

a photo-sensitizer [7,17]. Irradiation with 254 nm light of state Itt  in acetonitrile/chlorobenzene 

(90/10) solution reveals the appearance of new bands in 420-440nm range (open BOX, IItt ) 

and in 580-600 nm (cyclized DAE, IVtt ) (Figure 5). When irradiation time is prolonged, the 

band characterizing cyclized DAE is shifted into a new band in 700-770 nm area. The same 

experiment was repeated and followed by NMR spectroscopy, confirming the transformation 

of state Itt  into states IItt  and IVtt , the latter being then converted into state III’tt , with only one 

of the BOX in open configuration. This means that addressability of I by 254 nm light in 

acetonitrile/chlorobenzene solution is not selective as it conducts to a mixture of states (IItt , 

IVtt  and III’tt ). 
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Figure 5. Absorption changes Itt�IItt+IVtt(+III’tt)  (1, 2.5 x 10-5 M, CH3CN/ClPh) upon 254nm 

light irradiation.   

 

This selective addressability issue can be circumvented by changing the nature of the 

stimulation to acidity conditions (vide supra) or by applying irradiation wavelengths within an 

appropriate sequence. In a first step, 312 nm light was applied to acetonitrile/chlorobenzene 

solution of targets leading selectively to the DAE cyclisation (Itt�IVtt, 90%, λ = 590 nm). 

Clearly, no typical signals for the open oxazolidine ring or for the E/Z isomerization of double 

bond can be detected. In a second step, the BOX units of IVtt  were activated following two 

different ways: i) by acid addition leading to a color change of the solution from blue to green, 

characterizing the appearance of the state IIItt  (both BOX are open) whose absorption bands 

are centered at 450 and 780 nm for target 1 (455 and 773 nm for 2) (Figure 6a). 
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Figure 6. Absorption changes (1, 2.5 x 10-5 M, CH3CN/ClBz) a) IVtt  � IIItt  upon acid addition 

b) IVtt  � III’tt  upon 254 nm light irradiation. 

 

The simultaneous opening of both oxazolidine rings is well confirmed by NMR spectroscopy 

with the CH2 triplet signals at 3.85 and 4.55 ppm (open BOX) and the CH3 signal at 2.25 ppm 

(Cyclized DAE). ii) by irradiation with 254 nm light of state IVtt  in presence of chlorobenzene, 

inducing a strong bathochromic shift of the absorption bands (Figure 6b). More important, the 

opening of the two BOX units is no anymore simultaneous but occurs in stepwise manner 

when the DAE is closed. It is clearly indicated by the appearance of new absorption bands 

centered at 428 and 723 nm (432 and 722 nm for 2) with a concomitant decrease of the 

absorption at 585 nm (582 nm for 2), and the clear evidence of isosbestic points supporting 

the presence of only two species state IVtt  and state III'tt  (cyclized DTE with one open and 

one closed BOX). When the duration of irradiation is prolonged, a bathochromic shift of the 

band at lower energy followed by a rapid decrease of its absorption intensity, while a 

continuous increase and hypsochromic shift of the band at higher energy are observed. The 
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BOX), the stability of this last one is limited in our experimental conditions. Indeed, while 

similar compounds associating the DAE unit with one BOX unit showed no thermal evolution 

[18-19], here the substitution with two open BOX leads to a slow thermal opening of DAE as 

observed by UV and NMR spectroscopy (293k∆ = 5.3x10-5 s-1) towards state IItt . Then, the 

restoration of the molecular system under its initial state Itt  can be achieved : from IIItt  or III’tt  

upon base treatment leading to IVtt , then bleached with visible light, or from IIItt upon thermal 

relaxation leading to II, then neutralized with base.  

As a consequence, the status of the central DAE moiety strongly influences the 

photochemical behavior of the BOX units. When DAE is open (State Itt), irradiation in 

presence of chlorobenzene with 254 nm light activates the simultaneous opening of both BOX 

units (State IItt ). In contrast, when DAE is cyclized (State IVtt ), stepwise opening of BOX 

occurred (States IIItt and III’tt ). In the same way, the response of the DAE unit is dependent 

on the BOX status. In fact, all attempts to cyclize the DAE when both BOX are open (state 

IItt ) using UV light at different wavelengths were unsuccessful. Contrary to previous 

investigations on various DAE substituted with one BOX unit where the photocyclization 

efficiency of diarylethene is strongly reduced by the status of BOX, here, its photochromic 

behavior is totally suppressed with both open BOX. In resume, the different evidenced 

interconversions between the all-trans states are displayed in Scheme 2. 
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Scheme 2.  Reaction pathway between all-trans isomers  

 

2.2 Investigations of processes between cis isomers of targets  

Based on previous investigations on similar molecular system [18,19], the photo-isomerization 

of the ethylenic junction between BOX and DAE is expected, especially when the pending 

BOX is open. In this context, the trans-cis isomerization of both ethylenic junctions has been 

studied by 1H NMR spectroscopy. When the state IItt  is generated from initial state Itt 

(previously shown to have all-trans junctions), both ethylenic junctions exhibit a trans 

geometry, as clearly evidenced by two doublets at 7.2 and 8.4 ppm with a scalar coupling 

constant of 15.8 Hz. Under UV light (254 or 313 nm) no cyclization of DAE from IItt  to IIItt  

occurred, but trans-cis isomerization of the ethylenic bonds was observed, and was more 

efficient when UV is replaced by visible light (λ>400 nm). The state IItt  is then photo-
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transformed into two isomers: IIct  (20% at PSS; isomerization of only one ethylenic bridge) 

characterized by four doublets (7.1. and 8.4 ppm with 3J=15.8 Hz, and 6.5 and 7.5 ppm with 

3J=13 Hz) and IIcc  (70% at PSS; isomerization of both ethylenic bridges) characterized by 

two doublets (6.45 (I=2H) and 7.45 (I=2H) ppm with 3J=13 Hz). These two isomers with at 

least one cis-isomery bond relaxed thermally into the state IItt  (kIIcc
�

IIct = 9 10-4 s-1 and kIIct
�

IItt 

= 5 10-4 s-1 at rt). As expected, these two cis-isomers of state II (IIct  and IIcc ) can also be 

neutralized with TEA leading to the closing of BOX into the corresponding states Ict  and Icc . 

In contrast, they are photochemically silent, as no irradiation enabled to cyclize the 

diarylethene unit. Concerning the two cis-isomers of state I (Ict  and Icc ), they evolved very 

slowly through the thermal cis-trans isomerization into initial full-trans Itt  (t1/2 at rt : Icc = 5 

days; Ict  = 10 days). When they are submitted to UV irradiation, the cyclization of DAE 

(Ict�IVct  and Icc�IVcc ) is induced. The two isomers IV with at least one cis-isomery bond 

relaxed thermally into the state IVtt  (kIVcc
�

IVct = 3 10-4 s-1 and kIVct
�

IVtt  = 1.5 10-4 s-1 at rt).  

Surprisingly, upon acid addition on cis-isomers of state IV (IVcc  + IVct ), the state IIItt  was 

directly detected while its corresponding cis isomers (IIIcc  + IIIct ) would have been expected. 

They were not observed probably due to a high thermal instability. It should be also noted that 

the reverse reaction of trans-cis isomerization from IIItt  was never observed whatever the 

stimulus used.  

From this study, we can conclude that all the states having at least one ethylenic junction in 

cis isomery present a thermal reversibility and no photoreaction occurred between the states 

II and III. The set of processes between all cis-states is summarized in Scheme 3. 
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Scheme 3.  Reaction pathway between cis isomers   
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respectively and are assigned to the oxidation of the BOX units. As previously observed [20], 

this oxidation conducts, when no substituent is present in position 5 of the indoline 

heterocycle (Target 1), to a C-C oxidative coupling between BOX unit either in an intra or 

intermolecular manner and translated on the CV by the emergence of new redox systems at 

lower potential (0.46V) on the scan back (Figure 7a). This assumption is clearly confirmed by 

spectroelectrochemistry experiment. In fact, once the oxidation potential reaches 0.78V, one 

absorption band centered at 494 nm appears, being the spectral signature of the formation of 

the oxidized BOX dimer [20] (Figure 7c).  

 

Figure 7. Thin layer cyclic voltammetry of a) 1 b) 2, and corresponding 

spectroelectrochemistry of c) 1 d) 2, in ACN under state Itt .  

 

At the opposite, the presence of a methyl group (Target 2) avoids the C-C oxidative coupling, 

then permitting the electroinduced ring opening of the oxazolidine as evidenced by the 

Potential / V (vs Fc+/Fc)

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

In
te

ns
ity

 / 
µ

A

-3

-2

-1

0

1

2

3

4

5

Potential / V (vs Fc+/Fc)

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

In
te

ns
ity

 / 
µ

A

-4

-2

0

2

4

6

8

400

500

600

700

800

20 40 60 80 100 120 140

W
av

el
en

gt
h 

/ n
m

Time / s

0.0 
0.1 
0.2 
0.3 
0.4 

400

500

600

700

800

20 40 60 80 100 120 140

W
av

el
en

gt
h 

/ n
m

Time / s

0.00 
0.02 
0.04 
0.06 
0.08 
0.10 
0.12 

a) b)

c) d)



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

 

15 

irreversibility of oxidation process at 0.77V and any appearance of new signal at lower 

potential (Figure 7 b). Moreover, the electrochemical oxazolidine opening is confirmed by the 

spectro-electrochemical experiment. Indeed, an absorption band at 460 nm is generated 

when reaching 0.77V as oxidation potential (Figure 7d). Subsequent reduction of the system 

at -0.96V restores the initial state. As a consequence, the electrostimulation of the target 2 

allows to switch between states Itt  and IItt  in a reversible manner as confirmed by the 

spectro-electrochemical experiments with the successive appearance and disappearance of 

the absorption band at 460 nm as function of the electrochemical potential.  

The electrochemical properties of both targets under their state IVtt  (generated initially by UV 

irradiation of state Itt  with 312 nm light to photocyclize the DAE unit) were also studied. A 

strong cathodic shift of the first oxidation potential is observed to reach ca. 0.61 and 0.63V for 

1 and 2 respectively (Figure 8), whatever the substitution pattern is, and thus, is assigned to 

the oxidation of the DAE core in agreement with previous studies on electrochemical behavior 

of various DAE derivatives [5-6].   
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Figure 8. Thin layer cyclic voltammetry of a) 1 and b) 2, and spectroelectrochemistry 

experiment of c) 1 and d) 2, under the state IVtt  with TBAP as electrolyte at 20mV/s on Pt.  

 

When the positive charges are not efficiently stabilized, the generation of closed dicationic 

DAE leads generally to the opening of the DAE which is translated on CV by an irreversible 

oxidation process [5-6] and the appearance of a signal at higher potential corresponding to 

the oxidation of the open form of DAE. In the present study, the oxidation of the state IVtt  

conducts to the appearance of a new redox system at lower potential (-0.14 V for 1 and -

0.11V for 2) that could result from the opening of one BOX unit. In fact, some of us have 

recently demonstrated that the electrochemical stimulation of a redox probe associated to a 

BOX such as a bithiophene induced the oxazolidine ring opening [10]. In order to verify this 

assumption, the electrochemical properties of 1 under the state III'tt  (prepared by irradiation 

of Itt  with 312 nm light (I�IV), then with 254 nm light (IVtt�III’tt ) in 

Potential / V (vs. Fc+/Fc)

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

In
te

ns
ity

 / 
µ

A

-15

-10

-5

0

5

10

15

Potential / V (vs. Fc+/Fc)

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

In
te

ns
ity

 / 
µ

A

-8

-6

-4

-2

0

2

4

6

8

400

500

600

700

800

20 40 60 80 100 120 140

W
av

el
en

gt
h 

/ n
m

Time / s

-0.20 
-0.15 
-0.10 
-0.05 
0.00 
0.05 
0.10 
0.15 
0.20 

400

500

600

700

800

20 40 60 80 100 120 140

W
av

el
en

gt
h 

/ n
m

Time / s

-0.15 
-0.10 
-0.05 
0.00 
0.05 
0.10 

a) b)

c) d)



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

 

17 

acetonitrile/chlorobenzene) were studied. The CV (Figure 9a/b) exhibit a reversible oxidation 

process at -0.14V, then supporting the electrochemical opening of one oxazolidine ring via the 

oxidation of the central DAE unit observed previously. Moreover, this assumption is nicely 

confirmed by the spectroelectrochemistry experiments (Figure 8 c/d) with the successive 

disappearance of the band characteristic of the state IVtt (585 and 593nm for compounds 1 

and 2 respectively) and the appearance of the band corresponding to the state III'tt ( 428/723 

nm and 432/722 nm for compounds 1 and 2 respectively). In addition, the irreversible 

reduction at -0.920 et -0.911V for 1 and 2, leads to the disappearance of these characteristic 

bands, translating as expected the closure of the oxazolidine ring towards the state IVtt  under 

electrochemical stimulation, as previously observed with the process of closing from IItt  to Itt . 

 

Figure 9. a) Thin layer cyclic voltammetry and b) corresponding spectroelectrochemistry 

experiment of 1 previously irradiated at 313nm then at 254nm (state III’tt ).  

 

However, the corresponding oxidized species of the state III’tt  present a strong instability in 

our experimental conditions especially when higher potential is applied. At the time scale of 

the electrochemistry experiments, this instability (larger with 2 than with 1) results to the 

opening of the central DAE moiety as confirmed by the increase of the absorption intensity at 

460 nm. The hypothesis that the oxidation of the state III'tt  induces the opening of the second 

BOX unit providing the state IIItt  then after relaxes into state IItt  as observed by UV and NMR 
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spectroscopy is not consistent with electrochemical data. First, the spectro-electrochemical 

experiment performed on the state III'tt  obtained photochemically reveals some absorption 

variations which are not matching with the state IIItt . Second, opening of the second BOX unit 

requests the formation of a radical cation on the central DAE which is not consistent with 

general effect of the substituent nature on redox potential. In fact, the opening of one BOX 

unit leading to the formation of an indoleninium moiety acting as strong electron withdrawing 

group, leads to an impressive cathodic shift (almost 500mV). However, such an unexplained 

cathodic shift was already observed on DAE. In 2005, Browne et al. studied the 

electrochemical behavior on various substituted DAE and reported the existence of a 

competitive oxidation process to the classical oxidation of cyclized form (at -0.1 V for the 5-(p-

methoxyphenyl)-5'-phenyl-perfluoroDAE as example) leading to an unknown species 

referenced as X form. [5,6]. As consequence, we can presume that an identical process 

occurs here. The authors suggested that the X intermediate results from a reversible 

intramolecular rearrangement of the dicationic species of the closed form into a more stable 

species which would explain its appearance only on the scan back of the closed form 

oxidation and its irreversibility. At the opposite, we can observe the reversible oxidation of this 

intermediate in solution of compound 1 under the state III'tt  obtained by successive irradiation 

at 313 then 254 nm. This fact lets us envisage its formation directly from the neutral closed 

DAE and strongly correlated to the donor or acceptor nature of the substituent borne by the 

DAE unit. As consequence, the complete clarification and understanding of the formation of 

this X form request deeper investigation. 
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3. Conclusions.  

The designed targets incorporate five addressable units which could generate up to 32 

different states, constituting the most sophisticated system to date. However, their number is 

here restricted to eighteen due to the symmetrical substitution of the diarylethene central unit. 

In the present work, we have demonstrated that thirteen of them can be effectively produced 

and detected. The way to access to each of them was also extracted by playing with selected 

stimuli on the multimodal properties of the system, such as light with specific wavelengths 

associated with the nature of solvent (Photochromism), pH variation (acidochromism), 

temperature (thermochromism) and electrons (electrochromism). Thus, the present target 

represents a nice example of system having multifunctional and multistate properties. In 

addition, a gated photochromism of the DAE unit was underlined. Indeed, the photoinduced 

cyclization with UV light of DAE from its open form towards the closed one (I�IV) is selective 

and almost quantitative in acetonitrile solution when the BOX units are closed and the reverse 

reaction is achieved with visible light. Once BOX are open, the photochromism properties of 

the DAE are completely inhibited and no cyclization from II to III occurred.  

At the opposite, the BOX addressability by pH change is unaffected by the status of the 

central DAE and its opening and closure (I�II and IV�III) can be achieved selectively and 

quantitatively upon acidification and neutralization of solution respectively. Addressing of BOX 

opening with light is impeded in acetonitrile solution, but is revealed in the presence of 

chlorobenzene as photosensitizer and upon 254 nm light irradiation. Interestingly, the 

simultaneous opening of both BOX is achieved from irradiation of the state I, (I�II) whereas 

the process is successive from irradiation of the state IV (IV�III’�III). Contrary to previous 

investigated derivatives joining one DAE and one BOX, the state III is not thermally stable and 

slowly evolves towards the state II, by decyclization of its DAE part. Such a thermal unstability 
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was also encountered with all the states having at least one of the ethylenic junctions in cis 

isomery. 

Beside their photo- and acidochromic properties, BOX moieties are also electroactive and 

their electrochemical behavior is strongly affected by the status of the central DAE. Oxidation 

of the targets in their states I conducts to a C-C oxidative coupling for 1, while to the 

simultaneous opening of the oxazolidine ring (I�II) for methyl-substituted 2. Such behavior 

between 1 and 2 compound is no longer observed when the central DAE is closed. Indeed, 

the oxidation occurring mainly on the cyclized DAE in the state IV, leads surprisingly to the 

selective opening of only one BOX unit (IV�III') in both targets. The impossibility to induce 

the opening of the second BOX was assigned to the oxidation of III' into an X form already 

observed on few DAE based compounds, and being under deeper investigation to identify it. 

 

4. Experimental section 

4.1 Synthesis of targets 

The synthesis of the targets is pretty straightforward and start by the elaboration of the 4,4'-

bis(2-carboxaldehyde-5-methylthiophene)perfluorocyclopentene from corresponding dichloro 

derivative according to the procedure described by Feringa et al. [21]. Its further 

functionalization lays down on the high reactivity of the indoleninium or indolinooxazolidine 

derivatives with different aromatic aldehydes or nitroso compounds [22]. Hayami et al. 

reported that the reaction can be performed under several different experimental conditions 

(protic and aprotic solvents, solvent-free conditions, addition of a base) [23]. Nevertheless, 

the majority of the reported examples are carried out in boiling alcoholic solvents without any 

additives and gave satisfactory yields. However in our case, the reflux in ethanol provides the 
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diacetal and not the targeted molecules. In order to circumvent this issue, a simple solution 

consisted to replace the ethanol by a more hindered solvent such as t-butanol.  The targets 1 

and 2 have been fully characterized by NMR and the ethylenic junctions are both in trans 

isomery, as confirmed by the two doublets at 6.1 (2H) and 6.95 (2H) ppm with a vicinal scalar 

coupling of 15.8 Hz.  

 

4.2 NMR and UV spectroscopies.  

NMR spectra were recorded on Avance Bruker 500 or 300 spectrometer (1H, 500 MHz, 13C, 

125 MHz, or 1H, 300 MHz, 13C, 75 MHz) equipped with TXI or QNP probe, using standard 

sequences. Data sets were processed using Bruker Topspin 3.2 software. Samples are 

dissolved in acetonitrile-d3 or in acetonitrile-d3/chlorobenzene-d5 in NMR tubes. 

Photoirradiation was carried out directly into the NMR tube in a home-built apparatus with a 

1000W high-pressure Hg – Xe lamp equipped with filters.  Monochromic UV or visible light 

was obtained by passing the light through a first filter, then through an interferential one 

Irradiation with 254 nm light was achieved in rotating quartz NMR tubes (5 mm) at 295 K with 

a Bioblock Scientific VL-6LC lamp (12 W).  

UV-visible spectra were recorded with a Perkin-Elmer lambda 950 spectrophotometer. 

Photoirradiation were carried out directly into the quartz absorption cuvettes from Hellma 

using TLC observation lamp allowing to switch between two different UV tubes (8W) 

purchased from Vilber-Lourmat emitting respectively at 254 and 312 nm. 

 

4.3 Electrochemical experiments.  
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Cyclic Voltammetry. Acetonitrile (HPLC grade) and tetra-n-butylammonium 

hexafluorophosphate (TBAP, electrochemical grade, Fluka was recrystallised from ethanol). 

Cyclic voltammetry (CV) was performed in a three-electrode cell equipped with a platinum 

millielectrode, a platinum wire counter-electrode and a silver wire used as a quasi-reference 

electrode. The voltammograms were recorded on a potentiostat/galvanostat (BioLogic – 

SP150) driven by the EC-Lab software with positive feedback compensation. All the potentials 

reported were calibrated versus ferrocene/ferrocenium oxidation potential (+0.405V vs SCE or 

+0.425V vs Ag/AgCl). 

Time-resolved spectroelectrochemistry was performed using the already described 

experimental setup [24]. The home self-made spectro-electrochemical cell body as well as all 

the parts are made of Teflon in order to be compatible with a broad variety of solvents. Viton 

O-rings are used where needed in order to ensure gas-tightness. The working electrode is a 

c.a 2 mm diameter disk of polished platinum inserted in a Teflon rod. It is mounted in the 

central well on a micrometer screw that permits fine adjustment of the distance between the 

electrode and the optical window, while maintaining the surface of the electrode parallel to the 

window. It was completed by a platinum wire as counter electrode and a silver wire used as a 

quasireference electrode. Its potential was checked vs. the ferrocene/ferrocenium couple 

before and after each experiment. Electrochemical measurements were carried out with a 

Biologic SP-150 potentiostat driven by the EC-Lab software including ohmic drop 

compensation. Spectrophotometric measurements were carried out in direct reflexing mode 

on the working electrode with a homemade bench composed of different Princeton 

Instruments modules (light sources, fibers, monochromators, spectroscopy camera and 

software) using a “Y-shaped” optical fiber bundle to connect the light source, the spectro-

electrochemical cell and the spectrophotometer 
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5. Supplementary data 

Synthesis, 1H NMR and absorption spectra 
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• A diarylethene joined to two benzooxazolidine by ethylenic spacers was synthesized 

• Photochromic, acidochromic and electrochromic responses were evidenced 

• The system is multistate (among the 18 possible states, 13 were underlined) 

• The system is multifunctional (same interconversion performed by different stimuli) 

 




