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Abstract 
 
Hydroxylated polybrominated diphenyl ethers (OH-PBDEs) can be of a natural origin or be formed as metabolites 
and transformation products of polybrominated diphenyl ethers (PBDEs). PBDEs have been widely used as flame 
retardants in for example electronic devises and furniture and their metabolites have been detected in animal and 
human blood. In this study, two pentabromo-, two hexabromo- and one heptabromo-OH-PBDE and the 
corresponding methoxylated polybrominated diphenyl ethers (MeO-PBDEs) were synthesised via brominated 
diaryliodonium salts. These reference MeO-PBDEs, 2,2',4,4',5-pentabromo-3-methoxy-diphenyl ether (3-MeO-BDE-
99), 2,2',4,4',6-pentabromo-3-methoxy-diphenyl ether (3-MeO-BDE-100), 2,2',4,4',5,6'-hexabromo-3'-methoxy-
diphenylether (3’-MeO-BDE-154) and 2,2',3,4',5,5',6-heptabromo-4-methoxy-diphenyl ether (4-MeO-BDE-187) and 
2,2',4,4',6,6'-hexabromo-3-methoxy-diphenyl ether (3-MeO-BDE-155), where then used for tentative identification 
of methyl derivatized OH-PBDEs (MeO-PBDEs) in human blood from children working at a municipal waste 
disposal site in Managua, Nicaragua. Using gas-chromatography mass spectrometry (GC/MS) in electron capture 
negative ionization (ECNI) mode, scanning for bromide ions (m/z = 79, 81), we could observe that the retention 
times of each one of the MeO-PBDEs matched peaks in the chromatogram from the blood serum sample. 
 
Introduction 
 
Polybrominated diphenyl ethers (PBDEs) have been widely used as flame retardants in e.g computers, furniture and 
textiles. OH-PBDEs are present in the environment both as metabolites from PBDEs and as natural products, and 
OH-PBDEs have been detected in mammals and human1. Some of the congeners have been identified but there are 
still a few penta, hexa and hepta brominated OH-PBDEs yet to be investigated. This calls for synthetic reference 
standards and an approach to synthesize these. 
Previously, symmetrical diaryliodonium salts have been employed to achieve O-arylation of various phenols to 
obtain OH-PBDEs2. However, in some cases symmetrical diaryliodonium salts gave unwanted by-products e.g. when 
coupling 2,2’,4,4’,6,6’-hexabromodiphenyliodonium salts with bromophenols. Further, some symmetrical 
diaryliodonium salts cannot be synthesized due to low reactivity or reactivity only in specific positions.  
The aim of this study was to prepare various MeO-PBDEs using symmetrical and unsymmetrical diaryliodonium 
salts (Scheme 1-4). These synthetic references where then to be compared to blood serum samples from children 
working at a large municipal waste disposal site in Managua, Nicaragua, in an attempt to find potential matches to 
some of the yet unidentified OH-PBDEs using gas-chromatography mass spectrometry (GC/MS) in electron capture 
negative ionization (ECNI) mode. The OH-PBDE analytes were methylated before analysis on GC/MS and 
consequently methylated OH-PBDEs (MeO-PBDEs) were used as reference standards. 
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Materials and Methods 
 
Synthesis of reference standards: Five OH-PBDEs and their corresponding MeO-PBDEs were synthesised using 
different approaches. Four of the OH-PBDEs were synthesised using symmetrical diaryliodonium salts and one by 
using an unsymmetrical diaryliodonium salt. Synthesis of symmetrical diaryliodonium salts2, arylation of phenols 
with diaryliodonium salts2,3, demethylation3,4, selective di-ortho bromination5, and methylation2,6 (Schemes 1-3) 
were preformed according to previously published methods. Synthesis of unsymmetrical diaryliodonium triflate 
(Scheme 4) was performed using similar conditions to a previous publication on unsymmetrical diaryliodonium 
salts7. 2,2',4,4',5-Pentabromo-3-methoxy-diphenyl ether (3-MeO-BDE-99), 2,2',4,4',6-pentabromo-3-methoxy-
diphenyl ether (3-MeO-BDE-100), 2,2',4,4',5,6'-hexabromo-3'-methoxy-diphenyl ether (3’-MeO-BDE-154) and 
2,2',3,4',5,5',6-heptabromo-4-methoxy-diphenyl ether (4-MeO-BDE-187) were prepared by coupling of symmetrical 
diaryliodonium salts with brominated methoxyphenols (Schemes 1-3) while 2,2',4,4',6,6'-hexabromo-3-methoxy-
diphenyl ether (3-MeO-BDE-155) was synthesised using an unsymmetrical diaryliodonium salt (Scheme 4). 
 

 
Scheme 1. Synthesis of 3-MeO-BDE-99 starting from symmetrical diaryliodonium chloride 
 
 
 

 
  R1 

3-MeO-BDE-100 H 
3'-MeO-BDE-154 Br 

 
Scheme 2. Synthesis of 3-MeO-BDE-100 and 3’-MeO-BDE-154 starting from symmetrical diaryliodonium chloride 
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Scheme 3. Synthesis of 4-MeO-BDE-187 starting from symmetrical diaryliodonium iodide 
 
 
 
 
 

 
 
Scheme 4. Synthesis of unsymmetrical diaryliodonium triflate and subsequent coupling with brominated 
methoxyphenol to obtain 3-MeO-BDE-155 
 
 
Analysis: The identification of OH-PBDEs was carried out by using their methyl ether analogue (MeO-PBDEs). A 
GC/MS (ECNI) chromatogram of the methyl derivatized, phenolic fraction of the blood serum was compared with a 
chromatogram of a mixture of our five synthesised reference MeO-PBDEs and two previously identified and 
available internal standards, 6-MeO-BDE-47 (I.S 1) and 4-MeO-BDE-42 (I.S 2). The instrument was set up to scan 
for bromide ions (m/z = 79/81) and the tentative identification was based on comparison of retention times. For 
information about blood sample preparation, see previous study by Athanasiadou et al1. 
 
 
 
 
 
 
 
 
 
 
 

Vol. 71, 2009 / Organohalogen Compounds   page 002046



 
 
Results and Discussion 
 
Two pentabromo-, two hexabromo- and one heptabromo- MeO-PBDEs and the corresponding OH-PBDEs were 
synthesised (Figure 1). 
 
 
 

 
 
Figure 1. Structures of the synthesised compounds (R=H, CH3) 
 
 
The retention times of each one of the MeO-PBDEs matched peaks in the chromatogram from the blood serum 
sample (Figure 2). However, 3-MeO-BDE-99 co-elutes with 4-MeO-BDE-90 (identified in previous study1, see peak 
e in Figure 2). Thus, this peak consists of either 3-MeO-BDE-99 or 4-MeO-BDE-90 or both compounds. The 
retention times of peaks b and c in figure 2, corresponding to 3-MeO-BDE-47 and 4’-MeO-BDE-49 respectively, 
was assigned by comparing our chromatogram with the chromatogram from the study by Athanasiadou et al1. This 
assumption seems reasonable since the blood sample analysed in this study was of the same origin. 
These results should be regarded as tentatively but it motivates further investigation and identification/quantification. 
A library of MeO- and OH-PBDE congeners are being synthesised in an ongoing project for comparison with both 
human and animal blood.  
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Figure 2. GC/MS (ECNI) chromatogram of blood serum sample, recording m/z=79, 81. Tentative identification of 5 
different OH-PBDEs. Peaks a, b, c, d and e have been identified in an earlier study1.  
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