
Russian Chemical Bulletin, International Edition, Vol. 60, No. 2, pp. 373—375, February, 2011 373

Published in Russian in Izvestiya Akademii Nauk. Seriya Khimicheskaya,  No. 2, pp. 364—366, February, 2011.

Brief Communications

1066�5285/11/6002�373 © 2011 Springer Science+Business Media, Inc.

Chemiluminescence during interaction of 1,2,4�trioxolanes
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The reaction of triterpene 1,2,4�trioxolanes with the system FeCl3—L�cysteine hydro�
chloride in the presence of rhodamine G is accompanied by chemiluminescence, whose emit�
ter is an excited dye molecule. Light emission was also found in the biologically important
reaction of 1,2,4,5�tetraoxanes with Fe2+ ions in aqueous acetonitrile.
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In the recent decade, 1,2,4�trioxolanes (secondary ozo�
nides) and 1,2,4,5�tetraoxanes attract attention of the
world chemical society due to their outstanding biological
activity.1—4 The development of studies in this area occurs
via two main routes: synthesis of new peroxide derivatives
and investigation of their pharmacological properties.1—5

Some trioxolanes are comparable with and even exceed
the known medicine artemisinin and its analogs in anti�
malarial activity.6 Presently, one of adamantanone tri�
oxolane, arterolane (OZ277), undergoes the third phase of
clinic tests as a drug against malaria. The tests are per�
formed by the Ranbaxy Co.7

In the present work, we report the discovery of a new
important property of trioxolanes, namely the ability to
generate electron�excited states during chemical trans�
formations, and new chemiluminescence appeared upon
the interaction with divalent iron. Taking into account the
importance of this class of peroxides for medicine, we may

consider our results as the first stage in the development of
a new approach for studying the properties of pharmaco�
logically promising agents of peroxide nature based on
chemiluminescence (CL).

Experimental

(3R,5R)�19β,28�Epoxy�4,5�seco�18α�olenane�3(5)�ozonide
(1) and (3S,5S)�19β,28�epoxy�4,5�seco�18α�olenane�3(5)�ozo�
nide (2) were synthesized from allobetulin according to a pro�
cedure described earlier.8 Diperoxides of acetone 3 and 1,1,1�tri�
fluoroacetone 4 were synthesized by known procedures.9,10

Photoluminescence spectra of rhodamine G and 1,1,1�tri�
fluoroacetone in a MeCN—H2O (1 : 1) mixture were recorded
on a СМ 2203 SOLAR spectrofluorimeter. Chemiluminescence
in the visible spectral region was detected on a setup with
a photoelectron multiplier (FEU�119) sensitive in the visible
spectral region (λ = 330—750 nm) as follows. A solution of
rhodamine G and FeCl3 was added to the cell placed above the
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FEU photocathode and containing a solution of trioxolane and
L�cysteine hydrochloride in such a way that the final concentra�
tions of peroxides 1 and 2, rhodamine G, and FeCl3 would be
1.5•10–3 mol L–1 and that of L�cysteine hydrochloride would be
3•10–3 mol L–1. In experiments involving tetraoxanes, a solu�
tion of FeSO4 and rhodamine G was added to a solution of
diperoxides 3 or 4. The temperature of the experimental cell and
the pusher was maintained at 70 °С for the reactions of tri�
oxolanes 1 and 2 and acetone diperoxide 3 and at 30 °С for the
reactions of tetraoxane 4. A MeCN—H2O (1 : 1) mixture was
used as the solvent in all experiments. Depending on tasks of
experiments, argon or oxygen was bubbled through a solution
during the reaction. The CL spectrum was recorded using bound�
ary light filters arranged in a cassette between the bottom of the
temperature�maintained cell with the sample and the FEU
photocathode.

Results and Discussion

The reaction of triterpenoid peroxides 1 and 2 with
iron chloride in aqueous acetonitrile in the presence of
L�cysteine hydrochloride and rhodamine G is accompanied
by luminescence in the visible spectral region (Scheme 1).

Scheme 1

1: (3R, 5R); 2: (3S, 5S); 3: R1 = R2 = Me; 4: R1 = Me, R2 = CF3
i. FeCl3, L�cysteine, rhodamine G, MeCN—H2O (1 : 1);
ii. FeSO4, rhodamine G, MeCN—H2O (1 : 1).

It turned out that for the reaction of 1 and 2 with FeCl3
in an oxygen atmosphere the CL intensity increases con�
siderably compared to the process occurring under argon.
The TLC analysis performed after the decay of CL ob�
served in experiments, which were carried out in both О2
and argon, showed the absence of peroxides 1 and 2 in the
reaction mixture.

The region of luminescence appeared upon the interac�
tion of peroxides 1 and 2 with Fe3+ ions in the presence
of L�cysteine was determined. The emission is concentrated in
the range λ = 550—650 nm, which coincides with the
luminescence spectrum of rhodamine G in aqueous aceto�
nitrile and, hence, the dye is the emitter of the observed CL.

It is known that biologically active peroxides, viz., tri�
oxolanes, tetraoxanes, and trioxanes, react with divalent
iron compounds to form free radicals.2,4,11—14 It was also
noticed that in the presence of a reducing agent Fe3+ ions
cause the decomposition of peroxides (hemin or FeCl3
can act as a source of Fe3+ ions and the reducing agent can
be L�cysteine or sodium dithionate). Taking into account
these facts and the influence of oxygen on the CL intensi�
ty, we may suppose that the emission appears according to
the mechanism of recombination of peroxy radicals15 due
to the energy transfer from the excited carbonyl com�
pounds to the activator rhodamine G. At the same time,
we cannot exclude the generation of CL directly in the
course of the reaction of the dye with peroxide or reactive
radicals formed upon the reaction of the dye with iron
compounds.

We found that the reactions of related 1,2,4,5�tetra�
oxanes 3 and 4 with the Fe2+ ion is also accompanied by
the generation of electron�excited states. In particular,
CL was observed in the reaction of acetone and trifluoro�
acetone diperoxides with FeSO4 in the presence of rhod�
amine G (see Scheme 1). Remarkably, in the case of diper�
oxide 4, chemiluminescence (λ = 370—480 nm, trifluoro�
acetone as an emitter) is detected in the absence of the
dye as well.

It should be noted in conclusion that the reactions of
biologically active trioxane artemisinin and trioxolane
OZ03 (see Refs 1—3) with FeSO4 or a FeCl3—L�cysteine
system in the presence of rhodamine G in aqueous aceto�
nitrile is accompanied by CL.

Thus, we discovered chemiluminescence in reactions
of the new class of high�energy peroxides, trioxolanes, and
for the first time observed CL in the biologically important
reaction of tetraoxanes with Fe2+ ions. It is shown that CL
in the reaction of trioxolanes and tetraoxanes with iron
compounds is a general phenomenon. The latter seems
very important, because it is assumed that this is the inter�
action of peroxides with divalent iron of heme which re�
sults in the formation of reactive radicals leading to the
death of a malaria parasite.2,4,11—12 The results obtained
open new prospects for investigation of the stability and
reactivity of these peroxides and the mechanism of biolog�
ical effect and analytical determination of trioxolanes and
tetraoxanes possessing valuable pharmacological activity.

The authors are grateful to Prof. O. B. Kazakova for
synthesis of triterpenoid trioxolanes.
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B. A. Šolaja, J. Med. Chem., 2006, 49, 3790.

14. N. Kumar, S. I. Khan, Beena, G. Rajalakshmi, P. Kuma�
radhas, D. S. Rawat, Bioorg. Med. Chem., 2009, 17, 5632.

15. G. F. Fedorova, A. V. Trofimov, R. F. Vasil´ev, T. L. Vep�
rintsev, Arkivoc, 2007, VIII, 163.


	Brief Communications
	Chemiluminescence during interaction of 1,2,4�trioxolanesand 1,2,4,5�tetraoxanes with iron compounds
	Abstract
	Experimental
	Results and Discussion
	�3852.2009.3).References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /CourierA
    /CourierA-Bold
    /CourierA-BoldOblique
    /CourierA-Oblique
    /MathFont1
    /NewStandardA
    /NewStandardA-Bold
    /NewStandardA-BoldItalic
    /NewStandardA-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 605
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48760
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 840.999]
>> setpagedevice


