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Abstract: Both flavin derivatives were successfully synthesized and characterized by NMR (nuclear magnetic resonance) and mass 
spectrometry. A slightly modified method for 10-ethyl flavin was developed. Both HPLC (high performance liquid chromatography) 
and GC-MS data suggested that all phenols were degraded in the presence of either flavin at micromolar concentrations under direct 
sun light. A rapid breakdown of the phenols with 35-80% degradation over the course of 2 h was observed. The degradation 
efficiency was clearly dependent on the phenol type. The rank order for the degradation efficiency over 2 h was 4-chlorophenol and 
4-methoxyphenol (~80%) > phenoxyacetic acids (60-65%) > nitrophenol and phenol (~35%).  
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1. Introduction 

Water pollution is one of the major environmental 

problems in many developing countries. Pesticides 

and herbicides are exemplary pollutants at significant 

concentrations in water, many of which contain 

phenols. Once they are up taken by human, phenols 

are metabolized to generate harmful phenoxy radicals 

and quinone-type molecules that lead to oxidative 

stress. Photochemical degradation of phenols is a 

promising method to remove them from an aquatic 

environment. In this study, we have synthesized two 

flavin-based photosensitizers and studied their ability 

to degrade various phenols present in water using 

HPLC (high performance liquid chromatography) and 

GC mass spectrometry. 

2. Types of Flavin-Based Photosensitizers 
and Phenols 

In the experiment, the synthetic target products are 

10-ethyl flavin and 5-ethyl riboflavin, which are 

derivatives of riboflavin. There is previous research on 

the photocatalytic degradation of phenols in waste 

water by vitamin B2 and its derivatives. The phenolic 
                                                           

Corresponding author: Quan Wang, master, research fields: 
environmental chemistry. 

pollutants in natural water can be degraded easier and 

faster by exposing to the natural light. In addition, 

vitamin B2 itself is also easy to be decomposed by 

photooxidation under the intense light [1]. So the 

experiment principle is to synthesize the specific 

groups of riboflavin, to see if synthetic riboflavin 

derivatives could play a similar or better role in this 

photocatalytic reaction for the degradation of phenols 

in wastewater. 

2.1 Vitamin B2 and Its Derivatives 

Vitamin B2, also known as riboflavin, the molecular 

structure as shown in Fig. 1, is a cofactor of the 

flavoenzymes in human body. And flavoenzymes 

plays a critical role in the biological oxidation and 

reduction for the delivery of hydrogen. As the 1,5 of 

nitrogen in vitamin B2 molecule are in the presence of 

active conjugated double bonds, we determine it can 

be used as hydrogen donor, also as hydrogen carriers. 

The biochemical reactions it attends mainly are for 

transferring iron or providing energy for the reaction 

of respiratory chain, such as lipid oxidation, aromatic 

hydroxylation and protein synthesis. Riboflavin as a 

water soluble vitamin contains a large number of 

flavoenzymes,  which has  two derivatives  named FAD 
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expounded. 10-ethyl flavin and 5-ethyl riboflavin were 

finally used for dealing with 6 kinds of phenols 

mentioned before to compare the respective treatment 

effect. 10-ethyl flavin is a yellow solid, in a single 

synthesis experiment, 20 working days were needed to 

synthesize a mass of 2 g 10-ethyl flavin. The main 

reagents and organic solvent for this synthetic 

experiment are respectively shown in Tables 1 and 2. 

10-ethyl flavin organic synthetic experiment study is 

divided into 5 steps, and the synthetic route, reagents 

and intermediates are shown in Fig. 3.  

As shown in Fig. 3, the first step in the multistep 

synthesis of 10-ethyl flavin is the addition of a 

triflouroacetyl group to an amine 1 as a protecting 

group. This prevents diakylation of Compound 1. The 

alkylation of triflouroacetanilide produced from the 

previous step to prepare Compound 3 was achieved 

using ethyl iodide as an alkylating agent. The 

formation of compound 3 was confirmed by mass 

spectrometry. The third step in the multistep synthesis 

of 10-ethyl flavin involved the removal of the 

protecting group to produce Compound 4, which 

needs to be purified by brief column chromatography. 

Once our sample reached the bottom of the column, 

the flowing sample was collected in 10 mL samples 

and each tested through TLC (thin layer 

chromatography) for purity. This was done until the 

obtained samples showed impurities and then they 

were combined with the pure orange crystalline solid 

compound 4. The fourth step involves the reduction of 

the nitro group in tin(II) chloride and ethanol followed 

by basifying the reaction mixture with NaOH. 

Compound 5 is a small liquid oily substance, and we 

proceed the next step by adding the reagents to the 

same flask due to its instability. Compound 5 will 

react with alloxan  monohydrate in the presence of 

acetic acid and boric acid. After about 5 hours of 

running the reaction, the solvent is evaporated, filtered  
 

Table 1  Reagents for the synthesis of 10-ethyl flavin.  

Chemical name Chemical formula  Supplier CAS Number 

4,5-Dimethyl-2-nitroanaline C8H10N2O2 Sigma-Aldrich 6972-71-0 

Trifluoroacetic acid anhydride (CF3CO)2O Alfa Aesar 407-25-0 

Ethyl iodide CH3CH2I Alfa Aesar 75-03-6 

Alloxan monohydrate C4H2N2O4 Alfa Aesar 2244-11-3 

Sodium bicarbonate NaHCO3 Fisher Scientific 144-55-8 

Sodium chloride NaCl Spectrum Inc 7647-14-5 

Potassium carbonate K2CO3 Amresco 584-08-7 

Sodium hydroxide NaOH Fisher Scientific 1310-73-2 

Tin(II) chloride SnCl2 Alfa Aesar 7772-99-8 

Acetic acid CH3COOH Fisher Scientific 64-19-7 

Boric acid H3BO3 Alfa Aesar 10043-35-3 
 

Table 2  Organic solvents for the synthesis of 10-ethyl flavin.  

Chemical name Chemical formula Supplier CAS Number 

Dichloromethane CH2Cl2 EMD 75-09-2 

Acetonitrile CH3CN Alfa Aesar 75-05-8 

Chloroform CHCl3 VWR 67-66-3 

Methanol CH3OH Alfa Aesar 67-55-1 

Ethanol CH3CH2OH EMD 64-17-5 

Diethyl ether (CH3CH2)2O EMD 60-29-7 

Toluene C6H5CH3 Scholar Chemistry 108-88-3 

Ethyl acetate C4H8O Spectrum Inc 141-78-6 

Cyclohexane C6H12 Alfa Aesar 110-82-7 

Ethane C2H6 Alfa Aesar 74-84-0 
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Table 3  The degradation rate for phenolic polutants using organics. 

Organics used for 
reaction 

The degradation rate for phenolic pollutants 

phenol 4-chlorophenol p-nitrophenol 4-methoxyphenol 
2,4-dichlorophenoxyace
ticacid 

4-chloro-2-methylpheno
xyacetic acid 

riboflavin 29.6% 5.17% 14.5% 0 0 0 

10-ethyl flavin 37.4% 91.8% 42.6% 83.89% 60.41% 55.91% 

5-ethylriboflavin 17.8% 28.3% 12.0% 40.41% 18.47% 37.42% 
 

riboflavin), both flavin derivatives were successfully 

synthesized and characterized by NMR and mass 

spectrometry. A slightly modified method for 10-ethyl 

flavin was developed. Both HPLC and GC-MS data 

suggested that all phenols were degraded in the 

presence of either flavin at micromolar concentrations 

under direct sun light. A rapid breakdown of the 

phenols with 35-80% degradation over the course of 2 

h was observed. The degradation efficiency was 

clearly dependent on the phenol type. The rank order 

for the degradation efficiency over 2 h was 

4-chlorophenol and 4-methoxyphenol (~80%) > 

phenoxyacetic acids (60-65%) > nitrophenol and 

phenol (~35%). For calibration curves of phenols 

established using GC mass spectrometry, our results 

showed a steady decrease in signals from 1 mM to 

200 μM phenol in a linear fashion and then a rapid 

signal drop from 200 μM. The phenol signals at 

concentrations below 50 μM became unidentifiable. 

Therefore, it can be concluded that two kinds of 

riboflavin synthesis derivatives under natural light 

have ideal effect on the degradation of para substituted 

phenolic pollutants in water, and riboflavin is not good 

due to the photolysis of itself under the light. 

References 

[1] Chen, J. 2006. “Horseradish Peroxidase Immobilized on 

Pillared Interlayered Clay and Its Application in the 

Treatment of Phenolic Wastewater”. MSc thesis, HeFei 

University of Technology.  

[2] Escalada, J. P., Pajares, A., Gianotti, J., et al. 2009. 

“Photosensitized Degradation in Water of the Phenolic 

Pesticides Bromoxynil and Dichlorophen in the Presence 

of Riboflavin, as a Model of Their Natural 

Photodecomposition in the Environment.” Journal of 

Hazardous Materials 186 (1): 466-72. 

[3] Reddy, R. B. Y. V. 2008. “Riboflavin Photosensitized 

Oxidation of Amino Acids.” MSc thesis, The Ohio State 

University. 

[4] Remucal, C. K., and Mcneill, K. 2011. “Photosensitized 

Amino Acid Degradation in the Presence of Riboflavin 

and Its Derivatives.” Environmental Science & 

Technology 45 (12): 5230-7. 

[5] Yettella, R. R., and Min, D. B. 2010. “Effects of Trolox 

and Ascorbic Acid on the Riboflavin Photosensitised 

Oxidation of Aromatic Amino Acids.” Food Chemistry 

118 (1): 35-41. 

[6] Zhang, T., Zhao, Q., Huang, H., et al. 1998. “Kinetic 

Study on the Removal of Toxic Phenol and Chlorophenol 

from Waste Water by Horseradish Peroxidase.” Chinese 

Journal of Enviromentalence 37 (8): 1571-7. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


