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The study of the biotransformation of a new synthetic drug 2,5-dimethoxy-4-bromamphetamine (DOB) and iden-
tification of its metabolites in urine of a poisoned person is described using gas chromatography mass spectrometry 
(GC-MS) with various ways of derivatization. It has been confirmed that one of its metabolic pathways leads to the 
corresponding 2-O-desmethyl and 5-O-desmethyl metabolites when the latter is prevailing. It is important to know the 
metabolism of this neurotoxic and hallucinogenic substance as it is a prerequisite for developing reliable toxicological 
diagnostic procedures and for assessment of toxicological risks.

INTRODUCTION

Recently, the popularity of new illegal synthetic drugs 
has been accelerating among young generation in Europe 
and elsewhere, especially at dancing scene due to the 
stimulating and empatic potential of these compounds. 
Even though some of these drugs are scheduled among 
controlled substances, new derivatives are synthesized 
with small variation of their structure and are available 
on the black market usually in various tablet forms labeled 
with different logo symbols. Nevertheless, the true com-
position of illegal tablets is without any guarantee of its 
identity and purity and cases of serious intoxication have 
been reported. The case reports and experimental studies 
have shown that these drugs posses serious serotonergic 
neurotoxic properties. It is important to know metabolic 
pathways of these new substances which is a prerequisite 
for developing reliable toxicological diagnostic procedures 
and for assessment of toxicological risks. It can not be ex-
cluded that some pharmacological effects may be closely 
associated with active metabolites.

The presented contribution concerns the case of hu-
man fatal overdose with unknown substance which was 
identified as DOB subsequently during laboratory differ-
ential diagnostics1. Commercial immunological methods 
for screening appeared to be ineffective and the identifi-
cation was based on mehods of GC-MS. The remaining 
aliquots of urine sample of this case were used for the 
following study of excreted metabolites.

As we know, neither human or animal metabolites of 
DOB have been identified to present. However, some struc-
turally related compounds, as mescaline2 or 2,5-dimethoxy-
4-brom-phenethylamine3, 4, p-methoxymethamphetamine5, 
2,5-dimethoxy-4-ethylthiophenethylamine6 have been the 
subjects of previous biotransformation studies. Two com-
petitive metabolic pathways, N-oxidation and O-dealkyla-

tion employing different enzyme systems have been 
considered. The formation of phenolic metabolites by 
O-demethylation in methoxy groups and excretion into 
urine was substantial both in humans and in experimental 
animals. 

The attention in our study of DOB metabolism was 
focused to these types of metabolites. The results of GC-
MS analyses of assumed metabolic compounds extracted 
from human urine were compared with data of synthe-
sized metabolic standards of mono O-demethylated DOB 
in the position 2 or 5 of benzene ring. The confirmation of 
suppossed metabolites in urine was enabled using various 
types of chemical derivatization (acetylation, trifluoro-
acetylation, silylation) and assessing the accord in reten-
tion parameters and mass spectra.

MATERIAL AND METHODS

A remaining aliquot of human urine from a fatal case 
of DOB overdose was used for this study. All chemicals 
and solvents used were of analytical grade purity. The 
reference standards used for identification of the intoxi-
cating agent were 2,5-dimethoxy-4-bromamphetamine. 
HBr was purchased from Sigma-Aldrich Prague and the 
presumed metabolites 2-hydroxy-5-methoxy-4-bromam-
phetamine and 2-methoxy-5-hydroxy-4-bromamphetamine 
were ordered and synthesized in Pharmaceutical Faculty 
of Charles University in Hradec Králové with NMR struc-
tural verification.

Sample preparation:
4 ml of human urine were used and processed as fol-

lows:
Without hydrolysis: 4 ml of ethylacetate were added to 

urine whose pH value was set to 12 and extracted. Bases 
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Trifluoroacetylation: Ethylacetate extracts were dried 
and derivatized with 100 µl of MBTFA at 80 °C for 
30 minutes.

Silylation: Ethylacetate extracts were dried and deriva-
tized with 100 µl of MSTFA at 80 °C for 30 minutes.

GC-MS conditions:
GC-MS instrument HP 6890-5973 equipped with au-

tosampler, splitless injector, capillary column HP5-MS 
30 m × 0.25 mm × 0.25 µm were used for analysis. Carrier 
gas was helium at constant flow (1 ml/min). GC tempera-
ture program was in the range of 85–250 °C. Mass spec-
trometer was operating in EI scan mode (35–550 m/z) 
with standard 70 eV. 1 µl of analyzed extract was injected 
at 250°C.

RESULTS

To our present knowledge the metabolism of DOB has 
not been studied yet and only preliminary detection of 
potential metabolites in two real cases of poisoning was 
indicated1. Identification of major metabolites of DOB 
excreted into human urine in this study was enabled partly 

Fig. 1. Mass spectra of reference standards of metabolites DOB in acetylated form: 
2-hydroxy-5-methoxy-4-bromamphetamine (A) and 2-methoxy-5-hydroxy-4-bromamphetamine (B).

were then reextracted from separated ethylacetate layer 
into aqueous acid and after setting pH to 12 again back-
extracted into 4 ml of ethylacetate phase which was used 
for derivatization before GC-MS analysis.

With enzymatic hydrolysis: 250 µl of β-glucuronidase 
(143 400 units per ml, Sigma Aldrich) and 500 µl of acet-
ate buffer (pH 4.5) were added to urine with incubation 
at 55°C for 2 hours. Extraction and purification followed 
as above. Final ethylacetate extracts were used for deriva-
tization before GC-MS analysis.

With acid hydrolysis: 1 ml of concentrated HCl was 
added to urine and hydrolysis was performed at 110 °C 
for an hour. After cooling, impurities were extracted into 
ethylacetate, the remaining aqueous layer was alkalinized 
(pH 12) and bases were extracted into another 4 ml of 
ethylacetate which was kept for following derivatization 
procedures.

Derivatization:
Acetylation: Ethylacetate extracts were derivatized 

with 500 µl of acetic anhydride/pyridine mixture (10 : 1) 
at 60 °C for 30 minutes, then dried and reconstituted by 
100 µl of ethylacetate.
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by searching for compounds containing bromine with typi-
cal mass spectra in obtained GC-MS data and partly by 
assuming an analogy in biotransformation of DOB with 
structurally related compounds where the formation of 
phenolic metabolites have been proved2–6 .

The confirmation of suppossed metabolites of DOB 
excreted into urine was performed by comparison of GC-
MS data after three various ways of chemical derivatiza-
tion (acetylation, trifluoroacetylation and silylation) and 
assessing accord in retention and spectral characteristics 

Fig. 2.  GC-MS of extracts of human urine obtained after 
acetylation

 a) Total ion chromatogram of urine extract after 
acid hydrolysis

 b) Mass spectra of peak B (proposed metabolite 
B.2AC)

 c) Overlay of ion chromatograms for m/z 242 for 
urine extract and reference standard B.2AC

 d) Overlay of ion chromatograms for m/z 242 of 
urine extracts after different extraction proce-
dures, comparison of total and free amount of 
metabolite B

 AH – acid hydrolysis, EH – enzymatic hydrolysis, 
 NH – without hydrolysis

with those of synthetised reference standards. The com-
pared experimental data for acetylderivatives as an ex-
ample are presented in the Figures 1 and 2. In Fig. 1 the 
mass spectra of synthetised reference metabolic standards 
in acetylated forms are displayed. The data in Fig. 2 en-
compase total ion chromatogram of urine extract after 
acid hydrolysis, demonstrating the presence of DOB and 
a presumed metabolite, mass spectra of detected potential 
metabolite B with proposed pathways of structural frag-
mentation, overlay of extracted ion chromatograms (m/z 
242) for reference monophenolic metabolite B and urine 
exctract after acid hydrolysis and finally the abundance of 
5-O-demethylated metabolite in urine extracts after acid 
or enzyme hydrolysis and after basic reextraction without 
any previous hydrolysis step. The conjugated form of this 
metabolite was prevailing significantly above the free form 
excreted into urine. Consistent results with these findings 
have been confirmed also using the other two derivatiza-
tion procedures. 

DISCUSSION 

In this work we have proved the occurence of mono-
phenolic DOB metabolites in human urine of an intoxi-
cated subject, one of which is formed predominantly by 
O-demethylation of methoxy group in the position 5 of 
benzene ring. Corresponding phenolic metabolites ex-
tracted from urine have been identified by comparison of 
the retention times and the mass spectra with synthesized 
reference standards using three ways of chemical derivati-
zation as well as by searching for typical mass spectra of 
bromine containing compounds. It has been found that 
next to the parent compound, the conjugated 2-methoxy-
5-hydroxy-4-bromamphetamine has been prevailing meta-
bolic form excreted into human urine after DOB overdose. 
No evidence of following significant N-acetylation of this 
phenolic metabolite in vivo as proposed in structuraly re-
lated amines2–4 has been found using trifluoroacetylation 
or silylation as chemical derivatization before GC-MS. 
The other phenolic metabolite 2-hydroxy-5-methoxy-4-
bromamphetamine has been revealed only in tiny por-
tion in urine and only using more sensitive method with 
trifluoroacetylation. However, the controlled experimental 
administration of pure substance of DOB will be the next 
step of our research to exclude that the batch of illicit 
drug taken by the subject did not contain 2-methoxy-5-
hydroxy-4-bromamphetamine as impurity from synthesis, 
even if this probability is low. There has been indication of 
other types of DOB metabolites excreted to human urine, 
however their identification is still in progress.

ACKNOWLEDGEMENT

The study has been supported by the grant of IGA MZ 
No. NR8332-3/2005.

a

b

c

d

Study on metabolites of 2,5-dimethoxy-4-bromamphetamine (DOB) in human urine using gas 
chromatography-mass spectrometry



468 

REFERENCES

 1. Balíková M. (2005) Nonfatal and fatal DOB (2,5-dimethoxy-4-bro-
moamphetamine) overdose. Forensic Sci Int. 153, 85–91. 

 2. Scheline RR. Mammalian Metabolism of Plant Xenobiotics. 
London: Academic Press, 1978.

 3. Kanamori T, Inoue H, Iwata Y, Ohmae Y, Kishi T. (2002) In vivo 
metabolism of 4-bromo-2,5-dimethoxyphenethylamine (2-CB) in 
the rat: Identification of urinary metabolites. J Anal. Toxicol 26, 
61–6. 

4. Carmo H, Hengstler JG. de Boer D, Ringel M, Remiao F, Carvalho 
F, Fernandes E, dos Reys LA. Oesch F, Bastos ML. (2005) 
Metabolic pathways of 4-bromo-2,5-dimethoxyphenethylamine 
(2C-B): analysis of phase I metabolism with hepatocytes of six 
species including human. Toxicology 206, 75–89.

 5. Staack RF, Fehn J, Maurer HH. (2003) New designer drug p-meth-
oxymethamphetamine: studies on its metabolism and toxicological 
detection in urine using gas chromatography-mass spectrometry. J. 
Chromatogr B 789, 27–41.

 6. Li-Chan Lin, Ju-Tsung Liu, Shiu-Huey Chou, Cheng-Huang Lin 
(2003) Identification of 2,5-dimethoxy-4-ethylthiophenethylamine 
and its metabolites in the urine of rats by gas chromatography-mass 
spectrometry. J. Chromatogr. B 798, 241–7.

K. Beránková, M. Balíková



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


