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1. Synthetic route (Scheme S1), experimental details and characterization of 2,7-9E-BHVC   

 

Scheme S1: Synthetic route of 2,7-9E-BHVC  
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4,4’-Dibromo-2-nitrobiphenyl (1): 4,4’-Dibromobiphenyl 10 g (32 mmol) was dissolved in 

glacial acetic acid (120 mL), and the mixture was stirred and heated to 100 °C. Then, fuming 

concentrated nitric acid (95%, 40 mL) was added and the resulting mixture was allowed to react 

for another 30 min. After the reaction solution was cooled to room temperature, the crude product 

was filtered. After recrystallization from ethanol, the title compound was obtained in 91% yield. 

1H NMR (300 MHz, CDCl3), δ(ppm): 8.03 (d, J = 1.8 Hz, 1H), 7.76 (dd, J1 = 8.1 Hz, J2 = 1.8 Hz, 

1H), 7.54–7.59 (m, 2H), 7.31 (s, 1H), 7.14–7.18 (m, 2H). 

 
1H NMR spectrum of 1 in CDCl3 
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2,7-Dibromocarbazole (2): 7.8 g (22 mmol) of 1 was dissolved in phosphorous acid triethyl ester 

(30 mL) and the mixture was heated to 150 oC under the protection of argon. The system was 

allowed to react for 24 h and a brown solution was obtained. The volatile solvents were then 

removed by vacuum distillation. The solution left was purified by column chromatography with 

ethyl acetate/petroleum ether (10:1, v/v) as the eluent. Finally, a white solid was obtained for 2, in 

48% yield. 1H NMR (300 MHz, d6-Acetone), δ (ppm): 10.64 (s, 1H), 8.09 (d, J = 8.4 Hz, 2H), 

7.75 (d, J = 1.8 Hz, 2H), 7.37 (dd, J1 = 8.4 Hz, J2 = 1.8 Hz, 2H). 

 
1H NMR spectrum of 2 in d6-acetone 
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2,7-Dibromo-9-ethylcarbazole (3): 20 g KOH was added in DMF (70 mL) and the resulting 

solution was stirred for 30 min. 3.3 g (10 mmol) of 2 was then added and the mixture was stirred 

for another 40 min. Finally, bromoethane (1.6 g, 15 mmol) was added dropwise and the mixture 

reacted for 18 h at room temperature. White solid was found when the mixture was poured into 

water (800 mL). The crude residue was filtered and washed with ethanol for 3 times. A white 

solid was obtained for 3 after recrystallization from ethanol with a yield of 93%. 1H NMR (400 

MHz, d6-Acetone), δ (ppm): 8.1 (d, J = 8.3 Hz, 2H), 7.84 (d, J = 1.6 Hz, 2H), 7.39 (dd, J1 = 8.3 

Hz, J2 = 1.6 Hz, 2H), 4.53 (q, J = 7.2 Hz, 2H), 1.44 (t, J = 7.2 Hz, 3H). 

 
1H NMR spectrum of 3 in d6-acetone 
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9-Ethyl-2,7-bis(2-vinyl(pyridin-4-yl))carbazole (4): 2.8 g (8.0 mmol) of 3 was added into a flask 

containing a mixture of palladium(II) acetate (0.18 g, 0.8 mmol), tri-o-tolylphosphine (0.72 g, 2.4 

mmol) and K2CO3 (8.8 g, 64.0 mmol), and to this mixture N-methyl-2-pyrrolidone (NMP, 40 mL) 

and 4-vinylpyridine (3.4 g, 32.0 mmol) was then added. The system was heated to 130 °C for 2 

days under the protection of argon. A dark-red suspension was obtained. When the resulting 

mixture was cooled to room temperature, it was poured into H2O (500 mL) and extracted with 

CH2Cl2. Then the organic phases were separated, the excess organic solvent was removed by 

vacuum distillation and a dark-red solution was obtained. The title product was obtained as a 

yellow solid after the residue was recrystallized from ethanol (yield: 53%). 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.61 (d, J = 6.0 Hz, 4H), 8.09 (d, J = 8.1 Hz, 2H), 7.44–7.55 (m, 10H), 7.17 (d, 

J = 16.2 Hz, 2H), 4.46 (q, J = 7.2 Hz, 2H), 1.53 (t, J = 7.2 Hz, 3H). 

        

 
1H NMR spectrum of 4 in CDCl3    
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2,7-bis(1-hydroxyethyl-4-vinylpyridium iodine)-N-ethylcarbazole (2,7-9E-BHVC): 0.8 g (2 

mmol) of 4 and excess 2-iodoethanol were dissolved in ethanol and stirred for 2 h at room 

temperature. Then the mixture was refluxed for another 12 h and a red residue was obtained. The 

residue was filtered and then washed with methanol for 3 times. The title product was obtained as 

a red solid after the residue was recrystallized from ethanol (Yield: 75%). IR (cm-1): 969 (υ trans 

=C−H). 1H NMR (400 MHz, DMSO-d6), δ (ppm): 8.90 (d, J = 6.5 Hz, 4H), 8.23–8.33 (m, 8H), 8.09 

(s, 2H), 7.74 (d, J = 16.2 Hz, 2H), 7.68 (d, J = 8.2 Hz, 2H), 5.28 (s, 2H), 4.58 (s, 6 H), 3.88 (s, 4H), 

1.45 (t, J = 7.04 Hz, 3H). 13C NMR (100 MHz, DMSO-d6): δ 153.6, 145.2, 142.4, 141.4, 134.1, 

124.1, 123.8, 123.4, 121.9, 120.2, 109.8, 62.6, 60.5, 37.8, 14.4. HRMS (m/z): [M-I]+ calcd for 

C32H33IN3O2, 618.1612; found, 618.1587. Elemental analysis calcd (%) for C32H33I2N3O2 (745.43): 

C 51.56, H 4.46, N 5.64; found: C 51.27, H 4.36, N 5.28. 

 
1H NMR spectrum of 2, 7-9E-BHVC in DMSO-d6 
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13C NMR spectrum of 2,7-9E-BHVC in DMSO-d6 

 

IR spectrum of 2,7-9E-BHVC 
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2. Measurement equipments and materials 

The UV-visible-near-IR absorption spectra of dilute solutions were recorded on a Cary 50 

spectrophotometer using a quartz cuvette having 1 cm path length. One-photon fluorescence 

spectra were obtained on a HITACHI F-4500 spectrofluorimeter equipped with a 450-W Xe 

lamp. Two-photon fluorescence spectra were noted on a SpectroPro300i and the pump laser beam 

comes from a mode-locked Ti:sapphire laser system at the pulse duration of 200 fs, with a 

repetition rate of 76 MHz (Coherent Mira900-D). The double-stranded DNA-specific dye DAPI 

was purchased from Molecular Probes. Calf thymus DNA and torula yeast RNA, which were 

used as the model of DNA and RNA, and ribonuclease A (RNase) were obtained from Sigma. 

3. Measurement of TPA cross sections 

TPA cross sections have been measured using the two-photon induced fluorescence method1,2. 

Fluorescein (pH = 11, cyan diamond) in aqueous NaOH was used as the standard, whose 

two-photon properties have been well characterized in the literature3, and thus cross sections can 

be calculated by means of equation (1)  
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Φ= δδ

                                                     (1) 

where the subscripts s and r refer to the sample and the reference material, respectively. δ is the 

TPA cross sectional value, c is the concentration of the solution, n is the refractive index of the 

solution, F is the two-photon excited fluorescence integral intensity and Φ is the fluorescence 

quantum yield.  

4. Cell culture and staining 

HeLa and SiHa cancer cells and MS1 normal cells were cultured in Dulbecco’s modified Eagle’s 

medium supplemented with penicillin/streptomycin and 10% bovine calf serum in a 5% CO2 
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incubator at 37°C. 2,7-9E-BHVC was dissolved in DMSO at a concentration of 1 mM and DAPI 

(Invitrogen) was prepared as 1 mM aqueous solution. Before staining experiments, cultured cells 

grown on glass coverslips were pretreated as the following procedure: cells were first fixed by 

4% paraformaldehyde for 30 min and then permeabilized by 1% Trition X-100 for 2 min at 

ambient temperature.  

For wide-field fluorescence microscopy and TPM imaging of cells stained with 

2,7-9E-BHVC: pretreated HeLa, SiHa and MS1 cells were stained with 5 µM 2,7-9E-BHVC for 

30 min at ambient temperature and then imaged with wide-field fluorescence microscopy or 

TPM. 

For RNase digest test, two sets of pretreated HeLa cells were stained with 5 µM 

2,7-9E-BHVC for 30 min. After rinsing with PBS twice, a total 1 ml PBS (as control experiment) 

was added into a set of cells and 25 mg/ml DNase-Free RNase (GE) was added into the other set 

of cells, and then two sets of cells were incubated at 37ºC in 5% CO2 for 2 hr. After rinsing with 

PBS twice, both two sets of cells were imaged with wide-field fluorescence microscopy. In 

addition, the RNase digest test of cells stained with 1 µM DAPI was also carried out for 

comparison experiment. 

For cells counterstain experiment with 2,7-9E-BHVC and DAPI: pretreated Hela cells were 

stained with 5 µM 2,7-9E-BHVC for 30 min. After rinsing with PBS twice, the same sample was 

stained with 1 µM DAPI for 30 min and then imaged with TPM. 

5. Wide-field fluorescence microscopy imaging and two-photon fluorescence microscopy 
imaging experiment 

wide-field fluorescence microscopy images were acquired with an Olympus IX71 inverted 

microscope coupling with a CCD and display controller software. The fluorescence of 
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2,7-9E-BHVC and DAPI were excited and collected through U-MNIBA3 and U-MWU2, 

respectively. All of TPM microscopic photos were obtained with Olympus FV 300 Laser 

Confocal System with a 60× water objective (N.A. =1.25) and photomultiplier tubes. A 

Ti:sapphire laser (Coherent) was used to excite specimen at 800 nm. The total power provided by 

laser source can maintain stable and the incident power was examined with Power Monitor 

(Coherent) directly. Fluorescence of 2,7-9E-BHVC was collected with a beam splitter DM570 

and BA565IF long pass emission filter combination. Fluorescence of DAPI was collected with a 

beam splitter DM570 and BA430-470 band pass emission filter combination. The DIC image was 

taken with a 488 nm Arion laser. 

6. Fig. S1 

 

Fig. S1 (a) UV-vis absorption, (b) single-photon fluorescence and (c) two-photon fluorescence 

spectra of 2,7-9E-BHVC in various solvents. Concentration: 2×10-6 for (a) and (b), 1×10-5 for (c). 

7. Table S1  

References 
1. X. Zhang, X. Q. Yu, Y. M. Sun, H. Y. Xu, Y. G. Feng, B. B. Huang, X. T. Tao and M. H. Jiang, 

Chem. Phys., 2006, 328, 103–110. 
2. C. Xu and W. W. Webb. J. Opt. Soc. Am. B., 1996, 13, 481–491. 

Table S1 The photophysical properties of 2,7-9E-BHVC  
 λ1

max
 /nm λ2

max/nm λ3
max/nm ε/M-1⋅cm-1 Ф/% δ /GM δ×ф/GM 

Buffer 434 567 655 6.10 × 104 0.04 4172 1.67 
DNA 450 565 608 5.05 × 104 1.00 3156 31.56 

 RNA 452 567 605 4.95 × 104 1.00 2742 27.42 
λ1, λ2 and λ3

 are linear absorption, single-fluorescent and two-photon fluorescent maximum peak 
respectively; ε is molar absorptivity; Φ is single-photon fluorescence quantum yield determined using 
fluorescein (Φ = 0.95) as the standard. δ is two-photon absorption cross sections determined using 
fluorescein (δ = 36 GM) as the standard at 800 nm. δ×ф is two-photon action absorption cross sections. 
1GM = 10-50 cm4⋅s⋅photon-1; Concentration of samples for ф: 2×10-6 M; error limit: 10%. Concentration of 
samples for δ: 1 × 10-5 M; error limit: 30%. [NA]/[dyes] ratio: 100:1. 
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3. M. A. Albota, C. Xu and W. W. Webb, Appl. Optics., 1998, 37, 7352–7356. 
 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 ()
  /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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


