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Abstract. A multifunctional bis-imidazole derived from piperonal was prepared and found to have 
photo, thermo, solvato and peiezochromism with colour changes from pale green to deep blue. The multi-
functionality colour changes and stability of the coloured species make the derivative candidates for various 
applications such as optical data storage. The photochromic properties and performance were found to be 
affected remarkably upon changing the solvent. 
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1. Introduction 

Many organic molecules which exhibit reversible 

conversion between two states when stimulated by 

an external input have been proposed and investi-

gated. Based on those the, monomolecular photo-

chromic switches,
1–4
 fluorescence switches,

5–8
 chiral 

switches,
9–12

 redox switches
13–18

 and pH switches,
19–21

 

metal functionalize switch,
22
 protonation switch,

23
 

morphological switch
24

 have been successfully  

reported. But the information processed by these 

two-state molecular switches is limited. In this con-

text, the chemical systems which integrate several 

switchable functions into one single molecule have 

recently become the focus of research and will meet 

the requirement in the field of high density informa-

tion process. To reach this multi-switchable goal, it 

is essential that the organic molecule can reversibly 

change its structures between more states in response 

to the combination of external signals such as 

photonic, chemical, electrochemical, or magnetic 

stimuli and generate readable outputs such as elec-

tronic or optical signals those reflect the molecular 

states. In this paper, we report a single molecule 

which is capable of integrating the effects of multiple 

stimuli and producing three switchable functions. It 

is known that certain dimeric nitrogen-containing 

heterocyclic compounds such as dimeric NAD (N-

benzyldihydronicotinamide) are involved in some 

biological redox processes.25 On the other hand, 

triphenylimidazole dimers have also attracted atten-

tion because of the sensitivity of these compounds to 

light, heat and pressure. Hayashi and Maeda observed 

that upon oxidation with potassium ferricyanide in 

ethanolic solution, triphenylimidazole dimer 1 gave 

rise to violet colour which disappeared rapidly. The 

oxidation product was obtained as a pale violet-

coloured powder, which turned deep violet in solu-

tion under UV irradiation.
26
 It has been suggested 

that the coloured species is a free radical, and EPR 

evidence for the existence of the radical was pre-

sented.27 It is now known that the oxidation product 

is a piezochromic dimer, which transforms to the 

photochromic dimer on dissolution in a solvent. In 

solution, the photochromic dimer exists in a photo-

stationary equilibrium with its radical form. 

 Radical stability in these systems has been inves-

tigated by a number of workers with respect to the 

influence of substituents.
28
 It has been found that an 

electron-donating group on the phenyl ring will shift 

the photostationary state to the radical form. In con-

tinuation of some of our previous work,29,30 we syn-

thesized multifunctional systems from carbazole (1) 

and chlorosubstitued benzaldehyde (2). 
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 Compound 4 is a derivative of bis-imidazole, 

namely the derivative of bis-imidazole functional-

ized with piperonal. 

2. Experimental 

Melting points were determined on a Thomas–

Hoover capillary melting apparatus and are uncor-

rected. IR spectra were taken as KBr disk on a 

Nicolet Magna 520 FTIR spectrometer. 1
H NMR 

were recorded in CDCl3 on a Bruker DPX 400 spec-

trometer using TMS as internal standard. UV-Vis 

spectra were recorded on a Shimadzu 260 spec-

trometer for solutions. 

2.1 Preparation of 2-benzo[1,3]dioxol-5-yl-4,5-

diphenyl-1H-imidazole (3) 

In a round bottom flask fitted with a magnetic stirrer, 

benzil (0⋅05 mol), Piperonal aldehyde (7⋅5 g, 

50⋅0 mmol) and ammonium acetate (12⋅3 g, 

150 mmol) were dissolved in acetic acid (100 ml). 

The mixture was heated under reflux in an oil bath 

for 1 h with stirring. After this time, the mixture was 

cooled to room temperature and filtered to remove 

any precipitate. Water (500 ml) was added to the  

filtrate and the precipitate formed was collected.  

Recrystaliztion from ethanol afforded the imidazole 3. 

 White powder; yield 96⋅9%; m.p.: 256⋅2°C; IR ν 

(cm–1
); 3026⋅3 (CH aromatic stretch), 1598⋅2 (C=N), 

1480 (C=C), 1338⋅7 (C–O) and 1239⋅1 (C–N). 1H-

NMR (CDCl3) δ; 10⋅63 (s, NH), 8⋅13 (d, CH aro-

matic), 7⋅91 (d, 4CH aromatic), 7⋅55 (s, CH aro-

matic), 7⋅36 (dd, 4CH aromatic), 7⋅24 (dd, CH 

aromatic), 6⋅70 (d, CH aromatic) and 6⋅01 (s, CH2). 

2.2 Preparation of 2,2′-bis-benzo [1,3] dioxol-5-

yl-4, 5,4′, 5′-tetraphenyl-1H, 2′H- [1,2′] bisimida-

zolyl (4) 

In a 1 L beaker, KOH (0⋅82 g, 14⋅7 mmol) was dis-

solved in 50 ml of 95% ethanol. Imidazole 3 (5⋅0 g, 

14⋅7 mmol) was added into the beaker. After the 

complete dissolution of imidazole 3, the reaction  

solution was placed in an ice bath and allowed it to 

cool to 5°C. A freshly prepared solution of 

K3Fe(CN)6 (4⋅84 g, 14⋅7 mmol) was added dropwise 

to the stirring solution of the imidazole. The solution 

temperature was maintained below 10°C. The solu-

tion turned violet and then produced a precipitate. 

The precipitate was collected by filtration and 

washed with 3 × 25 mL of water and dried, to give 

the bis-imidazole 4 as a yellow powder; yield 11⋅7%; 

m.p.: 192⋅8°C; IR ν (cm–1
); 3026 (CHaromatic stretch), 

1601⋅9 (C=N), 1481⋅1 (C=C), 1247⋅6 (C–O) and 

1039 (C–N). 
1
H-NMR (CDCl3) δ; 8⋅14 (d, 

2CHaromatic), 8⋅03 (d, 2CHaromatic), 7⋅99 (d, CH aromatic), 

7⋅93 (d, 4CHaromatic), 7⋅88 (d, CHaromatic), 7⋅81 (s, 

CHaromatic), 7⋅64 (dd, 2CHaromatic), 7⋅45 (dd, 2CHaromatic), 

7⋅33 (s, CHaromatic), 7⋅34 (dd, 2CHaromatic), 7⋅28 (dd, 

5CHaromatic), 7⋅25 (d, CHaromatic), 7⋅24 (dd, CHaromatic), 

6⋅93 (d, CHaromatic), 6⋅01 (s, 2CH2) and 5⋅94 (s, 

2CH2). 
13
C-NMR (CDCl3) 168⋅0, 148⋅26, 148⋅2, 

147⋅56, 147⋅46, 146⋅6, 145⋅9, 137⋅6, 134⋅9, 134⋅3, 

132⋅9, 132⋅7, 131⋅9, 131⋅6, 131⋅1, 129⋅9⋅ 129⋅3, 

129⋅0, 128⋅9, 128⋅7, 128⋅5, 128⋅3, 128⋅0, 127⋅9, 

`127⋅7, 126⋅6, 127⋅2, 127⋅1, 126⋅2, 124⋅4, 122⋅7 

119⋅1, 111⋅9, 110⋅8, 109⋅1, 108⋅6, 108⋅3, 107⋅5, 

107⋅2, 106⋅2, 101⋅7, 101⋅3, 101⋅0, 100⋅9. 

3. Results and discussion 

3.1 Synthesis of 2,2′-bis-benzo[1,3]dioxol-5-yl-4, 

5,4′,5′-tetraphenyl-1H,2′H-[1,2′] bisimidazolyl (4) 

The preparation of 2,2′-bis-benzo [1,3] dioxol-5-yl-

4, 5,4′, 5′-tetraphenyl-1H, 2′H-[1,2′] bisimidazolyl 4 

carried out by refluxing a solution of benzil, piper-

onal and ammonium acetate in acetic acid to give 

the 2-benzo [1,3] dioxol-5-yl-4, 5-diphenyl-1H-

imidazole 3. The oxidative dimerization was carried 

out using potassium ferricyanide to give the prod-

ucts 4, as shown in scheme 1. 

3.2 Photochromism 

Irradiation of the solution of compound 4 in toluene 

and acetonitrile at 366 nm (medium pressure Mer-
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cury lamp) gave colour change from yellow to green. 

This colour change is due to the dissociation of the 

dimer 4 to form the free radical 5 as shown in 

scheme 2. 

 Figure 1 shows the UV-Visible spectral changes 

of compound 4 in toluene before and after irradia-

tion with UV light (366 nm) at different intervals of 

times table 1. 

3.3 Thermochromism 

In toluene, the compound 4, was found to mainly in 

the radical form 5, which is colour. Upon heating, 

the colour disappeared due to the recombination of 

the radical to form the original dimer (scheme 3). 

 The compound 4 in acetonitrile showed no ther-

mochromic properties. Figure 2 shows the UV-Vis 

spectral changes of compound 4 in toluene before 

and after heating at different intervals of times.  

Table 1 summarizes the maximum wavelength of the 

 

 

 
 

Scheme 1. 
 
 

 
 

Scheme 2. 

radical 5 in two different solvents namely toluene 

and acetonitrile. 

3.4 Piezochromism 

Upon grinding of 4 in the solid state change of col-

our from pale-green to blue was observed due to the 

formation of the radical 5. When the coloured solid 

was kept in the dark, the colour disappeared as a  

result of the recombination of the radical as shown 

in scheme 4. 

3.5 Solvatochromism 

The photochromic and thermochromic behaviour of 

compound 4 was recorded in two solvents of differ-

ent polarity, i.e. toluene and acetonitrile (table 1). 

 

 

 
 

Scheme 3. 
 

 
 

Scheme 4. 
 

 

Table 1. Absorption wavelength of the coloured com-
pound 5 after irradiation and heating. 

 λ max (nm) 
 

 Toluene Acetonitrile 
 

Compound UV Heating UV Heating 
 

5 675 670 675 – 
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Table 2. Kinetic data for photocolouration and heating of compound 4 in various solvent. 

  t1/2 (min) K (s–1) 
 

 Toluene Acetonitrile Toluene Acetonitrile 
 

Compound UV Heat UV Heat UV Heat UV Heat 
 

4 4⋅12 5⋅77 0⋅37 – 0⋅0028 –0⋅002 0⋅031 – 

 

 

 

 
 

Figure 1. UV-Visible spectra of compound 4 before 
and after irradiation in toluene. 

 
 
 

 
 

Figure 2. UV-Visible spectra of compound 4 before 
and after heating in toluene. 

 

3.6 Colouration kinetics 

A plot of lnA vs time of irradiation or heating time 

gave a straight line indicating that both UV colour-

ation and thermochromic behaviour obey first order 

rate equation. The colouration and bleaching data 

are summarized in table 2. 

 
 

Figure 3. Plot of lnA νs time of compound 4 upon heat-
ing in toluene. 

 

 
 

Figure 4. Representation of multifunctionality bis-
imidazol 4. 

4. Conclusion 

A multifunctional bis-imidazole derived from piper-

onal was prepared and found to exhibit photo, 
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thermo, solvato and peiezochromism with colour 

changes from pale green to deep blue (figure 4). The 

multifunctionallity colour changes and stability of 

the coloured species make the derivative a candidate 

for applications in optical data storage. 

Acknowledgements 

The authors wish to thank King Abdul Aziz City for 

Science and Technology (KACST) for funding this 

research work via grant no. At–27-68. 

References 

1. Gust D, Moore T A and Moore A L 2001 Acc. Chem. 
Res. 34 40 

2. Nakano A, Yamazaki T and Osuka A 2000 Chem. 
Eur. J. 6 3254 

3. Fujiwara T, Harada J and Ogawa K 2004 J. Phys. 
Chem. B108 4035 

4. Harada J, Nakajima R and Ogawa K 2008 J. Am. 
Chem. Soc. 1307085 

5. Inada T, Uchida S and Yokoyama Y 1997 Chem. 
Lett. 321 

6. Tsivgoulis G M and Lehn J-M 1996 Chem. Eur. J. 2 
1399 

7. Engeser M, Fabbrizzi L, Licchelli M and Sacchi D 
1999 Chem. Commun. 1191 

8. Rochford J, Denise A, Rooney and Mary T Pryce 
2007 Inor. Chem. 46 7247 

9. Zhou Y, Zhang D, Zhang Y, Tang Y and Zhu D 2005 
J. Org. Chem. 70 6164 

10. Feringa B L, van Delden R A, Koumura N and Geert-
sema E M 2000 Chem. Rev. 100 1789 

11. Pieraccini S, Masiero S, Spada G P and Gottarelli G 
2003 Chem. Commun. 598 

12. Rivado-Casas L, Sampedro D, Campos P J, Fusi S, 
Zanirato V and Olivucci M 2009 J. Org. Chem. (in 
press) 

13. Kaifer A E 1999 Acc. Chem. Res. 32 62 
14. Niema A and Rotello V M 1999 Acc. Chem. Res. 32 44 
15. Beer G, Niederalt C, Grimme S and Daub J 2000 

Angew. Chem. Int. Ed. 39 3252 
16. Fioravanti G, Haraszkiewicz N, Kay E R, Mendoza 

S M, Bruno C, Marcaccio M, Wiering P G, Paolucci 
F, Rudolf P, Brouwer A M and Leigh D A 2008 J. 
Am. Chem. Soc. 130 2593 

17. Fukui M, Mori T, Inoue Y and Rathore R 2007 Org. 
Lett. 9 3977 

18. Halim M, Tremblay M S, Jockusch S, Turro N J and  
Sames D 2007 J. Am. Chem. Soc. 129 7704 

19. Han M, Gao L, Lu Y and Wang K 2006 J. Phys. 
Chem. B110 2364 

20. Badjic J D, Ronconi C M, Stoddart J F, Balzani V, 
Silvi S and Credi A 2006 J. Am. Chem. Soc. 128 1489 

21. Shiraishi Y, Tokitoh Y, Nishimura G and Hirai T 
2005 Org. Lett. 7 2611 

22. Klajn R, Fang L, Coskun A, Olson M A, Wesson P J, 
Stoddart J F and Grzybowski B A 2009 J. Am. Chem. 
Soc. 131 4233 

23. Ratnala V R P, Kiihne S R, Buda F, Leurs R, Groot 
H J M and De-Grip W J 2007 J. Am. Chem. Soc. 129 867 

24. Ulrich S 2009 J. Lehn, J. Am. Chem. Soc. 131 5546 
25. Patz M, Kuwahara Y, Suenobu T and Fukuzumi S 

1997 Chem. Lett. 26 567 
26. Hayashi T and Maeda K 1960 Bull. Chem. Soc. Jpn. 

33 565 
27. Hayashi T, Maeda K, Shida S and Nakada K 1960 J. 

Chem. Phys. 32 1568 
28. Cescon L A, Coraor G R, Dessauer R, Silversmith 

E F and Urban E J 1971 J. Org. Chem. 36 2262 
29. Asiri A M, Badahdeh K O, AlAmry K A and Bukhari 

A A 2005 Chemistry 2 5 
30. Asiri A M, Badahdeh K O, AlAmry K A and Bukhari 

A A 2006 Pigment & Resin Technol. 35 200 

 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


