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where A and B are each phenyl radicals, L=oxygen atom, 
Sulfur atom or alkylene radical and p=0 or 1; processes for 
their preparation and their use. 
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CONGENERIC, CHLORINATED, BROMINATED 
AND/OR IODISED, FLUORINATED AROMATIC 
COMPOUNDS COMPRISING TWO BENZOL 

RINGS IN THEIR BASIC STRUCTURE, METHOD 
FOR THEIR PRODUCTION AND USE THEREOF 

FIELD OF THE INVENTION 

0001. The present invention relates to novel congeneric, 
chlorinated, brominated and/or iodinated, fluorinated aro 
matic compounds having two benzene rings in their base 
Structure. 

0002 The present invention also relates to novel pro 
cesses for preparing congeneric, chlorinated, brominated 
and/or iodinated, fluorinated aromatic compounds having 
two benzene rings in their base structure. 
0003. The present invention further relates to the use of 
the novel congeneric, chlorinated, brominated and/or iodi 
nated, fluorinated aromatic compounds having two benzene 
rings in their base structure. 

STATE OF THE ART 

0004 Polychlorinated diphenyl ethers, biphenyls and 
diphenylmethanes are still being used as heat transferers, 
flame-retardant dielectric insulating fluids in high-voltage 
transformers and capacitors, or as hydraulic oils in mining. 
Polybrominated diphenyl ethers and biphenyls are used as 
flame retardants for plastics. Numerous representatives of 
these compound classes are, though, highly toxic and/or 
precursors of highly toxic polychlorinated or polybromi 
nated dibenzofurans or the dibenzo-p-dioxins. Since the 
compounds are degraded with very great difficulty, if at all, 
in nature and are also lipophilic, they accumulate in the 
adipose tissue of organisms and thus also get into the human 
organism. It is therefore necessary to detect these com 
pounds even only in traces in order to prevent, for example, 
dangerous contaminations (cf: 

0005 Römpp Online 2003, “Polychlorierte Biphe 
nyle'Polychlorinated Biphenyls), “PCB-Abbau'PCB 
Degradation. “Polybromierte Biphenyle'Polybromi 
nated Biphenyls). "Schadstoff-Höchstmengen-Verord 
nung’German Maximum Harmful Substance Levels 
Act, “Flammschutzmittel'Flame Retardants and 
“Dioxine'Dioxins): 

0006 Mitchell D. Erickson, “Introduction: PCB Prop 
erties. Uses, Occurrence, and Regulatory History’, in 
Roberston and Hanson (Editors), PCB. The University 
Press of Kentucky, pages xi to XXviii, 2001; 

0007 George M. Frame, “The Current State-of-the-Art 
of Comprehensive, Quantitative, Congener-Specific 
PCB Analysis, and What We Now Know about the 
Distributions of Individual Congeners in Commercial 
Aroclor Mixtures', in Robertson and Hanson (Editors), 
PCB, The University Press of Kentucky, pages 3 to 9, 
2001; 

0008 Hans-Joachim Lehmler, Carolyn P. Brock, Brian 
Patrick, Larry D. Robertson, “Synthesis of Polychlori 
nated Biphenyls (PCBs) and Their Metabolites Using 
the Suzuki-Coupling, in Robertson and Hanson (Edi 
tors), PCB. The University Press of Kentucky, pages 57 
to 60, 2001; 
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0009 Göran Marsh, Jiwei Hu, Eva Jokobsson, Sara 
Rahm, and Ake Bergman, “Synthesis and Character 
ization of 32 Polybrominated Diphenyl Ethers’. Envi 
ronmental Science and Technology, Volume 33, pages 
3033 to 3037, 1999; 

0010 Anders Gara, Kurt Andersson, Carl-Axel Nils 
son and Ake Norström, “Synthesis of halogenated 
diphenyl ethers and dibenzofurans—A discussion of 
specific isomers available'. Chemosphere; and 

0011 Michael Herrmann, Umweltbundesamt, Post 
fach 33 00 22, 14191 Berlin, Federal Republic of 
Germany, “UGILEC August 2002). 

0012. The German patent application DE 19949 950 A1 
has already proposed, in quite general terms, the use of 
chlorinated, brominated and/or iodinated, monofluorinated 
polycyclic aromatic compounds such as biphenyls, dibenzo 
p-dioxins and dibenzofurans 

0013 as internal standards which, together with their 
parent compounds, i.e. the unfluorinated chlorinated, 
brominated and/or iodinated biphenyls, dibenzo-p-di 
oxins and dibenzofurans, pass through physical, chemi 
cal and/or biological processes and are then detected 
and/or analyzed together with them or separately from 
them, 

0014 as external standards which, in place of their 
parent compounds, pass through physical, chemical 
and/or biological processes for the purposes of cali 
brating these processes and are analyzed and/or 
detected separately from the parent compounds, and/or 

0015 as model compounds which, in place of their 
parent compounds, pass through chemical and/or bio 
logical processes for the purposes of elucidating the 
reaction mechanisms and whose reaction products are 
detected and/or analyzed. 

0016. More specific details on the structure of the chlo 
rinated, brominated and/or iodinated, monofluorinated 
biphenyls, dibenzo-p-dioxins and dibenzofurans and of their 
preparation are, though, not disclosed. There is no mention 
of chlorinated, brominated and/or iodinated, monofluori 
nated diphenyl ethers and diphenylmethanes. 
0017 2-Fluoro-4-bromobiphenyl is a commercial prod 
uct which can be purchased from Synthon. It is suitable only 
to a limited extent as a standard for the quantitative analysis 
of chlorinated, brominated and/or iodinated biphenyls. 
0018. The Russian patent RU 2091789 C discloses the 
use of a mixture of monofluorotetrachlorodibenzo-p-dioxin, 
monofluoropentachlorodibenzo-p-dioxin and monofluoro 
heptachlorodibenzo-p-dioxin as an internal standard for the 
quantitative analysis of chlorinated dibenzo-p-dioxins. Spe 
cifically, 2-fluoro-6,7,8,9-tetrachlorodibenzo-p-dioxin, 
2-fluoro-1,3,4,7,8-pentachlorodibenzo-p-dioxin and 
2-fluoro-1,3,4,6,7,8,9-heptachlorodibenzo-p-dioxin a 
used. The mixture is, though, only of limited suitability for 
the quantitative analysis of chlorinated, brominated and/or 
iodinated dibenzo-p-dioxins. 
0019 Dihalogenated diphenyliodonium salts such as 
4,4'-difluoro-, 4,4'-dichloro-, 4,4'-dibromo- and 4,4'-diiodo 
diphenyliodonium salts are known from the article by F. 
Marshall Beringer, Robert A. Falk, Marilyn Karniol, Irving 
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Lillien, Giulio Masullo, Marvin Mausner and Erwin Som 
mer"Diaryliodonium Salts. IX. The Synthesis of Substituted 
Diphenyl Iodonium Salts”, Journal of the American Chemi 
cal Society, volume 81, pages 342 to 351, 1959. Polybro 
minated diphenyliodonium salts are known from the article 
by Göran Marsh, Jiwei Hu, Eva Jokobsson, Sara Rahm, and 
Ake Bergman, “Synthesis and Characterization of 32 Poly 
brominated Diphenyl Ethers’. Environmental Science and 
Technology, volume 33, pages 3033 to 3037, 1999. Their use 
for preparing congeneric, chlorinated, brominated and/or 
iodinated, monofluorinated diphenyl ethers is not described. 
0020. Difluorinated aromatic compounds having at least 
two benzene rings in their base structure, which are not 
chlorinated, brominated and/or iodinated, and their use in 
the analysis of polycyclic aromatic compounds are known 
from the article by J. T. Anderson and U. Weis, “Gas 
chromatographic determination of polycyclic aromatic com 
pounds with fluorinated analogues as internal standards', in 
Journal of Chromatography A, 659 (1994), pages 151 to 161, 
or the article by G. Luthe, F. Ariese and U. A. Th. Brinkman, 
“Retention behaviour of higher fluorinated polycyclic aro 
matic hydrocarbons in reversed-phase liquid chromatogra 
phy', in Chromatographia, January 2004. It is detailed 
comprehensively therein that the difluorinated polycyclic 
aromatic compounds have very much greater differences 
compared to their parent compounds than the monofluori 
nated polycyclic aromatic compounds, so that they are less 
Suitable as internal standards. 

OBJECT OF THE INVENTION 

0021. It is an object of the present invention to provide 
novel congeneric, chlorinated, brominated and/or iodinated, 
fluorinated aromatic compounds having two benzene rings 
in their base structure, which are advantageously suitable in 
the analysis of organic compounds, especially environmen 
tal analysis, toxicology, biochemistry and medicine, 

0022 as internal standards and surrogate standards 
which, together with their parent compounds, i.e. the 
unfluorinated, congeneric, chlorinated, brominated 
and/or iodinated aromatic compounds with two ben 
Zenerings in their base structure, pass through physical, 
chemical and/or biological processes and are then 
detected and/or analyzed together with them or sepa 
rately from them, 

0023 as external standards which, in place of their 
parent compounds, pass through physical, chemical 
and/or biological processes for the purposes of cali 
brating these processes and are analyzed and/or 
detected separately from the parent compounds, and/or 

0024 as model compounds which, in place of their 
parent compounds, pass through chemical and/or bio 
logical processes for the purposes of elucidating the 
reaction mechanisms and whose reaction products are 
detected and/or analyzed, 

or can be used advantageously as valuable intermediates 
for preparing chlorinated, brominated and/or iodinated, 
monofluorinated or difluorinated aromatic compounds 
having two benzene rings in their base structure. 

0025. It is also an object of the present invention to 
provide novel processes for preparing congeneric, chlori 
nated, brominated and/or iodinated, fluorinated aromatic 
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compounds having two benzene rings in their base structure, 
which permit the controlled preparation of these novel 
compounds in a simple manner. 
The Inventive Solution 

0026. Accordingly, the novel congeneric, chlorinated, 
brominated and/or iodinated, fluorinated aromatic com 
pounds having two benzene rings in their base structure have 
been found, the fluorinated aromatic compounds having the 
general formula I or II: 

(I) 
Al-(L)-B' or 

(II) 
(L)p 
M 2. 

A B'. 
L 

where the index and the variables are each defined as 
follows: 

0027 p is 0 or 1: 
0028 A' is a monovalent, monofluorinated phenyl radi 
cal or monovalent, chlorinated, brominated and/or iodi 
nated, monofluorinated phenyl radical; 

0029) B is a monovalent, chlorinated, brominated and/or 
iodinated phenyl radical or monovalent, unhalogenated 
phenyl radical; 

0030) A is a divalent, monofluorinated phenyl radical or 
divalent, chlorinated, brominated and/or iodinated, 
monofluorinated phenyl radical; 

0031) B is a divalent, chlorinated, brominated and/or 
iodinated phenyl radical or divalent, unhalogenated phe 
nyl radical; 

0032 L is an oxygen atom, sulfur atom or alkylene 
radical; 

0033 with the provisos that 
0034) (1) in the compounds I and II, the phenyl radical A' 
or A is chlorinated, brominated and/or iodinated when 
the phenyl radical B" or B is unhalogenated: 

0035 (2) in the monobrominated compounds I where 
p=0, the phenyl radical B" is substituted by the bromine 
atom; 

0036 (3) in the tetrachlorinated compounds II where p=1 
and L=oxygen atom, both phenyl radicals A and B are 
substituted by at least one chlorine atom and 

0037 (4) the penta-, hexa- and heptahalogenated com 
pounds II where p=1 and L=OXygen atom are Substituted 
by bromine and/or iodine or by chlorine and bromine 
and/or iodine; 

0038 or have the general formula III, IV, V, VI or VII: 

(IIIa) 
Al-It-Al Yi- or 
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-continued 
(IIIb) 

A-It-Al Yi, 
(IV) 

Al-(L)-A', 

(VI) 

(VII) 
(L)p 

A B'. 
L 

where the variables A, B, A, B and L and the index pare 
each as defined above and the variables Y. A and A' and 
the index q are each defined as follows: 

0039) q is an integer from 1 to 4: 

0040 Y is an acid anion; 
0041) A is a monovalent, difluorinated phenyl radical or 
monovalent, chlorinated, brominated and/or iodinated, 
difluorinated phenyl radical; 

0042 A is a divalent, difluorinated phenyl radical or 
divalent, chlorinated, brominated and/or iodinated, diflu 
orinated phenyl radical; 

0043 with the provisos that 

0044) (5) in the difluorinated compounds III, A" is not a 
monovalent, monofluorinated phenyl radical; 

0045 (6) in the difluorinated compounds IV, at least one 
phenyl radical A' is chlorinated, brominated and/or iodi 
nated; 

0046 (7) in the difluorinated compounds V, the phenyl 
radical A is chlorinated, brominated and/or iodinated 
when the monovalent phenyl radical B is not haloge 
nated; 

0047 (8) in the difluorinated compounds VI, at least one 
phenyl radical A is chlorinated, brominated and/or iodi 
nated and 

0048 (9) in the difluorinated compounds VII, the phenyl 
radical A is chlorinated, brominated and/or iodinated 
when the divalent phenyl radical B is not halogenated. 

0049. The novel congeneric, chlorinated, brominated 
and/or iodinated, fluorinated aromatic compounds having 
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two benzene rings in their base structure of the general 
formula I to VII will be referred to hereinafter as "inventive 
compounds I to VII’. 
0050 Additionally found has been the novel process for 
preparing inventive compounds I, IV or V, in which 
0051 (1) a symmetrical difluorinated or tetrafluorinated 
iodonium salt of the general formula (VIII): 

0.052 where the index and the variables are each 
defined as follows: 

0053 t is 1 or 2, 
0054) n is 0 or an integer from 1 to 4, 
0055) 
0056) 
0057) 
0.058) is reacted with a chlorinated, brominated and/or 
iodinated phenol of the general formula (IX): 

9 OH, 

(VIII) 

q is an integer from 1 to 4. 
X is chlorine, bromine and/or iodine and 
Y is an acid anion; 

(IX) 

0059) where the index m-0 or an integer from 1 to 5 
and the variable X is as defined above; 

0060) with the proviso that m=an integer from 1 to 5 
when n=0; or, alternatively, 

0061 (2) a symmetrical unfluorinated diphenyliodonium 
salt of the general formula (X): 

(X) 

0062) where the variables X and Y and the indices m 
and q are each as defined above; 

0063) is reacted with a monofluorinated or difluori 
nated phenol of the general formula (XI): 

(XI) 

( OH, 

0064 where the index n and the variable X are each as 
defined above and the index t=1 or 2; 

0065 with the provisos that m=an integer from 1 to 5 
when n=0, and n=an integer from 1 to 4 when m=0. 
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0.066 The novel process for preparing inventive com 
pounds I, IV or V is referred to hereinafter as “inventive 
process I’. 
0067. Also found has been the novel process for prepar 
ing inventive compounds I, II and IV to VII, in which 
0068 (1) a chlorinated, brominated and/or iodinated aro 
matic compound having two benzene rings in its base 
structure of the general formula XII or XIII: 

(XII) 
Bl- (L)- B or 

(XIII) 
(L)p 

0069 where the variables B, B and L and the index 
p are each as defined above, with the proviso that at 
least one of the phenyl radicals B' or B is chlorinated, 
brominated and/or iodinated; is monofluorinated or 
difluorinated, or, alternatively, 

0070 (2) a monofluorinated or difluorinated, aromatic 
compound having two benzene rings in its base structure 
of the general formula XIV to XIX: 

(XIV) 
Al-(L)-B', 

(XV) 
Al-(L)-A, 

(XVI) 
A-(L)-B', 

(XVII) 
(L)p 

A2 Y?, 
N/ 

(XVIII) 
(L)p 

A. A2, O 
/ 

(XIX) 
(L)p 

A. Y. 
N/ 

0071 where the indices and the variables are each as 
defined above, with the proviso that the phenyl radicals 
A' to A and B and B are not chlorinated, brominated 
or iodinated, 

0072 are chlorinated, brominated and/or iodinated, or, 
alternatively, 

0.073 (3) a chlorinated, brominated and/or iodinated ben 
Zene derivative is reacted with a brominated and/or iodi 
nated, monofluorinated or difluorinated benzene or alky 
Ibenzene or a brominated and/or iodinated, chlorinated, 
monofluorinated or difluorinated benzene or alkylben 
Zene, or, alternatively, 

0074 (4) a chlorinated, brominated and/or iodinated, 
monofluorinated or difluorinated benzene derivative is 
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reacted with a brominated and/or iodinated benzene or 
alkylbenzene or a brominated and/or iodinated, chlori 
nated benzene or alkylbenzene. 

0075. The novel process for preparing inventive com 
pounds I, II or IV to VII will be referred to hereinafter as 
“inventive process 2. 

0076 Moreover, the novel process for preparing inven 
tive compounds III has been found, in which a chlorinated, 
brominated and/or iodinated, monofluorinated or difluori 
nated benzene is reacted with iodyl sulfate and which is 
referred to hereinafter as “inventive process 3. 

0077. Not least, the novel use of the inventive com 
pounds I to VIII and of the inventive compounds I to VII 
prepared by the inventive processes 1 to 3 in the analysis and 
the synthesis of organic compounds has been found, which 
is referred to hereinafter comprehensively as “inventive 

99 
U.S. 

0078. Further subject matter of the invention is evident 
>from the description. 

The advantages of the Inventive Solution 

0079. In view of the prior art, it was surprising and 
unforeseeable to the person skilled in the art that the problem 
underlying the present invention could be solved with the 
aid of the inventive compounds I to VIII, the inventive 
processes 1, 2 and 3 and the inventive use. 

0080. In particular, it was surprising that the inventive 
compounds I, II and IV to VII were usable in an outstand 
ingly advantageous manner in the analysis of organic com 
pounds, especially environmental analysis, toxicology, bio 
chemistry and medicine, 

0081 as internal standards or surrogate standards 
which, together with their parent compounds, i.e. the 
unfluorinated, congeneric, chlorinated, brominated 
and/or iodinated aromatic compounds with two ben 
Zenerings in their base structure, pass through physical, 
chemical and/or biological processes and are then 
detected and/or analyzed together with them or sepa 
rately from them, 

0082 as external standards which, in place of their 
parent compounds, pass through physical, chemical 
and/or biological processes for the purposes of cali 
brating these processes and are analyzed and/or 
detected separately from the parent compounds, and/or 

0083) as model compounds which, in place of their 
parent compounds, pass through chemical and/or bio 
logical processes for the purposes of elucidating the 
reaction mechanisms and whose reaction products are 
detected and/or analyzed. 

0084 Moreover, it was surprising that the inventive com 
pounds I, IV or V were preparable in a simple, elegant and 
very reproducible manner with the aid of the inventive 
process 1. 

0085. In addition, it was surprising that the inventive 
compounds I, II and IV to VII were preparable in a simple, 
elegant and very reproducible manner with the aid of the 
inventive process 2. 
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0.086 Furthermore, it was surprising that the inventive 
compounds III were preparable in a simple, elegant and very 
reproducible manner with the aid of the inventive process 3. 

DETAILED DESCRIPTION OF THE 
INVENTION 

1. The Inventive Compounds I to VII 

1.1 Preliminary Remark 

0087. In the context of the present invention, the passage 
"having two benzene rings in their base structure” means 
that the inventive compounds I to VII have a base structure 
with two base benzene rings which are bonded to one 
another directly, i.e. via a carbon-carbon bond and/or via at 
least one oxygen atom, Sulfur atom and/or at least one 
alkylene radical and may be substituted by further aromatic 
radicals and/or fused. These further aromatic radicals may 
likewise be chlorinated, brominated and/or iodinated. More 
over, both the base structure and any further aromatic 
radicals present may also bear other Substituents other than 
aromatic radicals and halogen atoms. Examples of Suitable 
other substituents are optionally fluorinated, chlorinated, 
brominated and/or iodinated alkyl groups, especially methyl 
groups. The base structure preferably has no further aro 
matic radicals. 

1.2 The Inventive Compounds I 

0088. The inventive compounds I have the general for 
mula I 

0089. In the general formula, the variables and the index 
are defined as follows: 

0090 p is 0 or 1; 

0091) A' is a monofluorinated phenyl radical or chlori 
nated, brominated and/or iodinated, especially chlorinated 
and/or brominated, monofluorinated phenyl radical; 

0092 B' is a chlorinated, brominated and/or iodinated, 
especially chlorinated and/or brominated, phenyl radical 
or unhalogenated phenyl radical and 

0093 L is an oxygen atom, sulfur atom or alkylene 
radical, preferably oxygen atom or alkylene radical and 
especially oxygen atom and methylene radical; 

0094) with the provisos that 

0095) (1) in the compounds I, the phenyl radical A' is 
chlorinated, brominated and/or iodinated when the phenyl 
radical B" is unhalogenated and 

0.096 (2) in the monobrominated compounds I where 
p=0, the phenyl radical B is substituted by the bromine 
atOm. 

0097. In the case that p=0, the phenyl radicals A" and B' 
are joined by a carbon-carbon single bond. 

0098. In particular, the inventive compounds I are biphe 
nyls I, diphenyl ethers I and diphenylmethanes I. 
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VI a1Ca Ca as the genera 0099] The phenyl radical A' preferably has the g 1 
formula XX: 

(XX) 

F X. 

0100. In the general formula XX, the variable X repre 
sents halogen atoms selected from the group consisting of 
chlorine, bromine and iodine, preferably chlorine and bro 
mine. The index n=0 or an integer from 1 to 4. 
O1O1 The henyl radical B referably has the general 
formula XXI: 

Xm. 

(XXI) 

0102) In the general formula XXI, the variable X repre 
sents halogen atoms selected from the group consisting of 
chlorine, bromine and iodine, preferably chlorine and bro 
mine. The index m=0 or an integer from 1 to 5. 
0103) The phenyl radical A' is preferably selected from 
the group consisting of: 

0.104 2-, 3- and 4-fluorophenyl: 
0105 2-fluoro-3-halo-, 2-fluoro-4-halo-, 2-fluoro-5- 
halo- and 2-fluoro-6-halophenyl: 

0106 3-fluoro-2-halo-, 3-fluoro-4-halo-, 3-fluoro-5- 
halo- and 3-fluoro-6-halophenyl: 

0.107 4-fluoro-2-halo- and 4-fluoro-3-halophenyl: 
0108) 2-fluoro-3,4-dihalo- 2-fluoro-3,5-dihalo-, 
2-fluoro-3,6-dihalo-, 2-fluoro-4,5-dihalo- and 2-fluoro 
4,6-dihalophenyl: 

0109) 3-fluoro-2,4-dihalo- 3-fluoro-2,5-dihalo-, 
3-fluoro-2,6-dihalo-, 3-fluoro-4,5-dihalo, 3-fluoro-4,6- 
dihalo- and 3-fluoro-5,6-dihalophenyl: 

0110 4-fluoro-2,3-dihalo- 4-fluoro-2,5-dihalo-, 
4-fluoro-3,5-dihalo- and 4-fluoro-2,6-dihalophenyl: 

0.111 2-fluoro-3,4,5-trihalo-, 2-fluoro-3,4,6-trihalo 
and 2-fluoro-4,5,6-trihalophenyl: 

0112 3-fluoro-2,4,5-trihalo-, 3-fluoro-2,4,6-trihalo 
and 3-fluoro-4,5,6-trihalophenyl: 

0113 4-fluoro-2,3,5-trihalo- and 4-fluoro-2,5,6-trih 
alophenyl; and 

0114 2-fluoro-3,4,5,6-tetrahalo-, 3-fluoro-2,4,5,6-tet 
rahalo- and 4-fluoro-2,3,5,6-tetrahalophenyl: 

where the halogen is selected from the group consisting of 
chlorine, bromine and iodine, preferably chlorine and 
bromine. 
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3,4,5-trichloro-2,6-dibromo-, 2,3-dichloro-4,5,6-tri 
bromo-, 2,4-dichloro-3,5,6-tribromo-, 2,5-dichloro-3, 
4,6-tribromo-, 2,6-dichloro-3,4,5-tribromo-, 2-chloro 
3,4,5,6-tetrabromo-, 3-chloro-2,4,5,6-tetrabromo- and 
4-chloro-2,3,5,6-tetrabromophenyl. 

0138. The inventive biphenyls I and diphenyl ethers I 
preferably contain no other substituents. The inventive 
diphenylmethanes I preferably contain at least one other 
Substituent, especially a methyl group. 
0139 Taking account of the inventive provisos, all of the 
above-described phenyl radicals A" and B can be combined 
with one another to give the inventive diphenyl ethers I, 
biphenyls I and diphenylmethanes I. Examples of such 
combinations, i.e. inventive diphenyl ethers I, diphenyl 
methanes I and biphenyls I, are 

0140 4'-fluoro-2.3',4-tribromodiphenyl ether, 
0.141 4'-fluoro-2.3',6-tribromodiphenyl ether, 
0.142 4-fluoro-2.3',4,6-tetrabromodiphenyl ether, 
0.143 4'-fluoro-2,3,3',4,5,6-hexabromodiphenyl ether, 
0.144 3'-fluoro-2,4,4-trichlorobiphenyl or 
0145 4-methyl-2.2".5,6-tetrachloro-3'-fluorodiphenyl 
methane. 

1.3 The Inventive Compounds II 
0146 The inventive compounds II have the general for 
mula II: 

(II) 
(L)p 

A2 B2. 
N / 

0147 In the general formula II, the index p and the 
variable L are each as defined above. 

0148. The variable A represents a divalent monofluori 
nated phenyl radical or a chlorinated, brominated and/or 
iodinated, divalent, monofluorinated phenyl radical. 
0149) The variable B represents a chlorinated, bromi 
nated and/or iodinated phenyl radical or an unhalogenated 
divalent phenyl radical. 
0150. The following provisos should be taken into 
account: 

0151 (1) In the inventive compounds II, the phenyl 
radical A is chlorinated, brominated and/or iodinated 
when the phenyl radical B is unhalogenated. 

0152 (3) In the tetrachlorinated inventive compounds II 
where p=1 and L=Oxygen atom, both phenyl radicals. A 
and B are substituted by at least one chlorine atom. 

0153 (4) The penta-, hexa- and heptahalogenated inven 
tive compounds II where p=1 and L=OXygen atom are 
substituted by bromine and/or iodine or by chlorine and 
bromine and/or iodine. 

0154) In the case that p=0, the phenyl radicals A and B 
are joined by a carbon-carbon single bond. 
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0.155. In particular, the inventive compounds II are 
dibenzo-p-dioxins II and dibenzofurans II. 

0156 The phenyl radical A preferably has the general 
formula XXII: 

(XXII) 
X 

F 

O157. In the general formula XXII, the variable X rep 
resents halogen atoms selected from the group consisting of 
chlorine, bromine and iodine, preferably chlorine and bro 
mine. The index r=0 or an integer >from 1 to 3. 

0158. The phenyl radical A is preferably selected from 
the group consisting of 

0159) 3-fluorophen-1,2-ylene: 

0.160 3-fluoro-4-chloro- and -4-bromophen-1,2-ylene: 

0.161 3-fluoro-4,5-dichloro- -4,5-dibromo-, 
-4-chloro-5-bromo- and -4-bromo-5-chlorophen-1,2- 
ylene; 

0162 3-fluoro-4,5,6-trichloro- -4,5,6-tribromo-, 
-4-chloro-5,6-dibromo-, -5-chloro-4,6-dibromo-, 
-4-bromo-5,6-dichloro- and -5-bromo-4,6-dichlo 
rophen-1,2-ylene; 

0.163 4-fluorophen-1,2-ylene: 

0.164 4-fluoro-3-chloro- and -3-bromophen-1,2-ylene: 

0.165 4-fluoro-5-chloro- and -5-bromophen-1,2-ylene: 

0166 4-fluoro-6-chloro- and -6-bromophen-1,2-ylene: 

0167 4-fluoro-3,5-dichloro-, -3,5-dibromo-, 
-3-chloro-5-bromo- and -3-bromo-5-chlorophen-1,2- 
ylene; 

0168 4-fluoro-3,6-dichloro- -3,6-dibromo-, 
-3-chloro-6-bromo- and -3-bromo-6-chlorophen-1,2- 
ylene; 

0169) 4-fluoro-5,6-dichloro-, -5,6-dibromo-, 
-5-chloro-6-bromo- and -5-bromo-6-chlorophen-1,2- 
ylene; and 

0170 4-fluoro-3,5,6-trichloro-, -3,5,6-tribromo-, 
-3-chloro-5,6-tribromo- -3-bromo-5,6-dichloro-, 
-5-chloro-3,6-dibromo-, -5-bromo-3,6-dichloro-, 
6-chloro-3,6-dibromo- and -6-bromo-3,6-dichlo 
rophen-1,2-ylene. 

0171 In particular, they are selected from the group 
consisting of 3-fluoro-4,5-dichlorophen-1,2-ylene, 4-fluoro 
3,5-dichlorophen-1,2-ylene and 3-fluoro-4,5,6-trichlo 
rophen-1,2-ylene. 
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0172) The phenyl radical B preferably has the general 
formula XXIII 

9 
(XXIII) 

0173) In the general formula XXIII, the variable X rep 
resents halogen atoms selected from the group consisting of 
chlorine, bromine and iodine, preferably chlorine and bro 
mine. The index s=0 or an integer from 1 to 4. 
0.174. The phenyl radical B is preferably selected from 
the group consisting of 

0175 phen-1,2-ylene; 
0176 3-chloro- and 3-bromophen-1,2-ylene; 
0.177 4-chloro- and 4-bromophen-1,2-ylene; 
0.178 3,4-dichloro-, 3,4-dibromo-, 3-chloro-4-bromo 
and 3-bromo-4-chlorophen-1,2-ylene; 

0179 3,5-dichloro-, 3,5-dibromo-, 3-chloro-5-bromo 
and 3-bromo-5-chlorophen-1,2-ylene: 

0180. 4,5-dichloro-, 4,5-dibromo- and 4-chloro-5-bro 
mophen-1,2-ylene; 

0181 3,4,5-trichloro-, 3,4,5-tribromo-, 3-chloro-4,5- 
dibromo-, 3-bromo-4,5-dichloro-, 4-chloro-3,5-di 
bromo- and 4-bromo-3,5-dichlorophen-1,2-ylene; 

0182 3,4,6-trichloro-, 3,4,6-tribromo-, 3-chloro-4,6- 
dibromo-, 4-chloro-3,6-dibromo- and 4-bromo-3,6- 
dichlorophen-1,2-ylene; and 

0183 3,4,5,6-tetrachloro-, 3,4,5,6-tetrabromo-, 
3-chloro-4,5,6-tribromo-, 3-bromo-4,5,6-trichloro-, 
3,4-dichloro-5,6-dibromo-, 3,5-dichloro-4,6-dibromo 
4,5-dichloro-3,6-dibromo- and 4,5-dibromo-3,6- 
dichlorophen-1,2-ylene. 

0184) In particular, the phenyl radical B is 4.5-dichlo 
rophen-1,2-ylene or 3,4,5,6-tetrachlorophen-1,2-ylene. 
0185. The inventive dibenzo-p-dioxins II and dibenzo 
furans II preferably contain no other substituents. 
0186 Taking account of the inventive provisos, all of the 
above-described phenyl radicals A and B may be com 
bined with one another to give the inventive dibenzo-p- 
dioxins II and dibenzofurans II. Examples of such combi 
nations, i.e. inventive 
dibenzofurans II, are 

0187 1-fluoro-2,3,7,8-tetrachlorodibenzo-p-dioxin, 
0188 2-fluoro-1,4,6,9-tetrachlorodibenzo-p-dioxin 
and 

0189 4-fluoro-1,3,6,7,8,9-hexachlorodibenzofuran. 
1.4 The Inventive Compounds III 

0190. The inventive compounds III have the general 
formula III: 

Al-It-Al Yi 
A-It-Al-Ya- (IIIb) 

dibenzo-p-dioxins II and 

(IIIa) or 
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0191) In the general formula IIIa, the variable A' is as 
defined above excluding a monofluorinated phenyl radical. 
The variable Y is an acid anion, preferably Cl and SO,. 
The index q is an integer from 1 to 4, especially 1 and 2. 
0.192 The phenyl radical A' in the general formula IIIa 
preferably has the general formula XX as described above, 
where n=an integer from 1 to 4. 
0193 Accordingly, the phenyl radical A' is preferably 
selected from the group consisting of: 

0194 2-fluoro-3-halo-, 2-fluoro-4-halo-, 2-fluoro-5- 
halo- and 2-fluoro-6-halophenyl: 

0.195 3-fluoro-2-halo-, 3-fluoro-4-halo-, 3-fluoro-5- 
halo- and 3-fluoro-6-halophenyl: 

0196) 4-fluoro-2-halo- and 4-fluoro-3-halophenyl: 
0197) 2-fluoro-3,4-dihalo- 2-fluoro-3,5-dihalo-, 
2-fluoro-3,6-dihalo-, 2-fluoro-4,5-dihalo- and 2-fluoro 
4,6-dihalophenyl: 

0198 3-fluoro-2,4-dihalo- 3-fluoro-2,5-dihalo-, 
3-fluoro-2,6-dihalo-, 3-fluoro-4,5-dihalo-, 3-fluoro-4, 
6-dihalo- and 3-fluoro-5,6-dihalophenyl: 

0199 4-fluoro-2,3-dihalo- 4-fluoro-2,5-dihalo-, 
4-fluoro-3,5-dihalo- and 4-fluoro-2,6-dihalophenyl: 

0200 2-fluoro-3,4,5-trihalo-, 2-fluoro-3,4,6-trihalo 
and 2-fluoro-4,5,6-trihalophenyl: 

0201 3-fluoro-2,4,5-trihalo-, 3-fluoro-2,4,6-trihalo 
and 3-fluoro-4,5,6-trihalophenyl: 

0202 4-fluoro-2,3,5-trihalo- and 4-fluoro-2,5,6-trih 
alophenyl; and 

0203 2-fluoro-3,4,5,6-tetrahalo-, 3-fluoro-2,4,5,6-tet 
rahalo- and 4-fluoro-2,3,5,6-tetrahalophenyl: 

where the halogen is selected from the group consisting of 
chlorine, bromine and iodine, preferably chlorine and 
bromine. 

0204). In particular, the phenyl radical A' is selected from 
the group consisting of: 

0205 2-fluoro-4-chloro-3-bromo-, 2-fluoro-3-chloro 
4-bromo-, 2-fluoro-5-chloro-3-bromo-, 2-fluoro-3- 
chloro-5-bromo- 2-fluoro-6-chloro-3-bromo-, 
2-fluoro-3-chloro-6-bromo- 2-fluoro-5-chloro-4- 
bromo-, 2-fluoro-4-chloro-5-bromo-, 2-fluoro-6- 
chloro-4-bromo-, 2-fluoro-4-chloro-6-bromo-, 
2-fluoro-5-chloro-6-bromo- and 2-fluoro-6-chloro-5- 
bromophenyl: 

0206 3-fluoro-4-chloro-2-bromo-, 3-fluoro-2-chloro 
4-bromo-, 3-fluoro-5-chloro-2-bromo-, 3-fluoro-2- 
chloro-5-bromo- 3-fluoro-6-chloro-2-bromo-, 
3-fluoro-2-chloro-6-bromo- 3-fluoro-5-chloro-4- 
bromo-, 3-fluoro-4-chloro-5-bromo-, 2-fluoro-6- 
chloro-4-bromo-, 3-fluoro-4-chloro-6-bromo-, 
3-fluoro-6-chloro-5-bromo- and 3-fluoro-5-chloro-6- 
bromophenyl: 

0207 4-fluoro-3-chloro-2-bromo-, 4-fluoro-2-chloro 
3-bromo-, 4-fluoro-2-chloro-5-bromo-, 4-fluoro-5- 
chloro-3-bromo- and 4-fluoro-2-chloro-6-bromophe 
nyl: 
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0208 2-fluoro-4,5-dichloro-3-bromo-, 2-fluoro-3,5- 
dichloro-4-bromo-, 2-fluoro-3,4-dichloro-5-bromo 
2-fluoro-5-chloro-3,4-dibromo-, 2-fluoro-4-chloro-3,5- 
dibromo-, 2-fluoro-3-chloro-4,5-dibromo-, 2-fluoro-3, 
4-dichloro-3-bromo-, 2-fluoro-3,6-dichloro-4-bromo 
2-fluoro-3,4-dichloro-6-bromo-, 2-fluoro-6-chloro-3,4- 
dibromo-, 2-fluoro-4-chloro-3,6-dibromo-, 2-fluoro-3- 
chloro-4,6-dibromo-, 2-fluoro-5,6-dichloro-4-bromo 
2-fluoro-4,6-dichloro-5-bromo-, 2-fluoro-4,5-dichloro 
6-bromo-, 2-fluoro-6-chloro-4,5-dibromo-, 2-fluoro-5- 
chloro-4,6-dibromo- and 2-fluoro-4-chloro-5,6-dibro 
mophenyl: 

0209 3-fluoro-4,5-dichloro-2-bromo-, 3-fluoro-2,5- 
dichloro-4-bromo-, 3-fluoro-2,4-dichloro-5-bromo 
3-fluoro-4-chloro-2,5-dibromo-, 3-fluoro-2-chloro-4,5- 
dibromo-, 3-fluoro-5-chloro-2,4-dibromo-, 3-fluoro-4, 
6-dichloro-2-bromo-, 3-fluoro-2,6-dichloro-4-bromo 
3-fluoro-6-chloro-2,4-dibromo-, 3-fluoro-4-chloro-2,6- 
dibromo-, 3-fluoro-2-chloro-4,6-dibromo-, 3-fluoro-5, 
6-dichloro-4-bromo-, 3-fluoro-4,6-dichloro-5-bromo 
3-fluoro-4,5-dichloro-6-bromo-, 3-fluoro-6-chloro-4,5- 
dibromo-, 3-fluoro-4-chloro-5,6-dibromo- and 
3-fluoro-5-chloro-4,6-dibromophenyl: 

0210 4-fluoro-2,3-dichloro-5-bromo-, 4-fluoro-2,5- 
dichloro-3-bromo-, 4-fluoro-3,5-dichloro-2-bromo 
4-fluoro-3-chloro-5, 16-dibromo-, 4-fluoro-3-chloro-2, 
5-dibromo-, 4-fluoro-2-chloro-3,5-dibromo-, 4-fluoro 
2,3-dichloro-6-bromo- 4-fluoro-2,6-dichloro-3- 
bromo-, 4-fluoro-2,5-dichloro-6-bromo-, 4-fluoro-2- 
chloro-5,6-dibromo-, 4-fluoro-2-chloro-3,6-dibromo 
and 4-fluoro-3-chloro-2,6-dibromophenyl: 

0211 2-fluoro-4,5,6-trichloro-3-bromo-, 2-fluoro-3.5, 
6-trichloro-4-bromo-, 2-fluoro-3,4,6-trichloro-5- 
bromo-, 2-fluoro-3,4,5-trichloro-6-bromo-, 2-fluoro-5, 
6-dichloro-3,4-dibromo-, 2-fluoro-4,6-dichloro-3,5- 
dibromo-, 2-fluoro-4,5-dichloro-3,6-dibromo-, 
2-fluoro-3,6-dichloro-4,5-dibromo-, 2-fluoro-3,5- 
dichloro-4,6-dibromo-, 2-fluoro-3,4-dichloro-5,6-di 
bromo-, 2-fluoro-3-chloro-4,5,6-tribromo-, 2-fluoro-4- 
chloro-3,5,6-tribromo-, 2-fluoro-5-chloro-3,4,6- 
tribromo- and 2-fluoro-6-chloro-3,4,5-tribromophenyl: 

0212 3-fluoro-4,5,6-trichloro-2-bromo-, 3-fluoro-2.5. 
6-trichloro-4-bromo-, 3-fluoro-2,4,6-trichloro-5- 
bromo-, 3-fluoro-2,4,5-trichloro-6-bromo-, 3-fluoro-5, 
6-dichloro-2,4-dibromo-, 3-fluoro-4,6-dichloro-2,5- 
dibromo-, 3-fluoro-4,5-dichloro-2,6-dibromo-, 
3-fluoro-2,4-dichloro-5,6-dibromo-, 3-fluoro-2,5- 
dichloro-4,6-dibromo-, 3-fluoro-2,6-dichloro-4,5-di 
bromo-, 3-fluoro-6-chloro-2,4,5-tribromo-, 3-fluoro-5- 
chloro-2,4,6-tribromo-, 3-fluoro-4-chloro-2,5,6- 
tribromo- and 3-fluoro-2-chloro-4,5,6-tribromophenyl: 
and 

0213 4-fluoro-2,3,5-trichloro-6-bromo-, 4-fluoro-2.3, 
6-trichloro-5-bromo-, 4-fluoro-2,3-dichloro-5,6-di 
bromo-, 4-fluoro-2,6-dichloro-3,5-dibromo-, 4-fluoro 
3,5-dichloro-2,6-dibromo-, 4-fluoro-2,5-dichloro-3,6- 
dibromo-, 4-fluoro-2-chloro-3,5,6-tribromo- and 
4-fluoro-3-chloro-2,5,6-tribromophenyl. 

0214) All of the above-described phenyl radicals A" can 
be combined together to form the inventive compounds IIIa, 
i.e. the inventive diphenyliodonium salts IIIa. It is, though, 
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advantageous in accordance with the invention when the 
inventive diphenyliodonium salts III are symmetrical, i.e. 
that the two phenyl radicals A' have the same structure. 
0215. An example of such a combination, i.e. an inven 
tive diphenyliodonium salt IIIa, is 

0216 3,3'-dibromo-4,4'-difluorodiphenyliodonium 
chloride. 

0217. In the general formula IIIb, the variable Y and the 
index q are each as defined above. 
0218. The variable A represents a monovalent difluori 
nated phenyl radical or a monovalent, chlorinated, bromi 
nated and/or iodinated, difluorinated phenyl radical. 
0219) The phenyl radical A preferably has the general 
formula XXIV: 

(XXIV) 

where the index n and the variable X are each as defined 
above. 

0220 Examples of suitable monovalent, difluorinated 
phenyl radicals A are 

0221) 2.3-, 2,4-, 2.5-, 2,6-, 3,4- and 3,5-difluorophenyl. 
0222 Examples of suitable monovalent, chlorinated, bro 
minated and/or iodinated, difluorinated phenyl radicals A 
are 2.3-, 2,4-, 2.5-, 2,6-, 3,4- and 3,5-difluorophenyl radicals 
which are substituted by at least one chlorine atom, at least 
one bromine atom and/or at least one iodine atom, preferably 
at least one chlorine atom and/or at least one bromine atom 
and in particular at least one chlorine atom. Examples of 
suitable chlorinated, difluorinated phenyl radicals A are 

0223 2-, 4- and 6-chloro-3,5-difluorophenyl, 
0224 2.4- and 2,6-dichloro-3,5-difluorophenyl and 
0225 2,4,6-trichloro-3,5-difluorophenyl, 
especially 2- and 4-chloro-3,5-difluorophenyl. 

0226) All of the above-described phenyl radicals. A can 
be combined with one another to give the inventive com 
pounds IIIb, i.e. the inventive diphenyliodonium salts IIIb. It 
is, though, advantageous in accordance with the invention 
when the inventive diphenyliodonium salts IIIb are sym 
metrical, i.e. that the two phenyl radicals A have the same 
Structure. 

0227. One example of such a combination, i.e. an inven 
tive diphenyliodonium salt IIIb, is 

0228 4,4'-dichloro-3,3',5,5'-tetrafluorodiphenyliodo 
nium chloride. 

1.5 The Inventive Compounds IV 
0229. The inventive compounds IV have the general 
formula IV: 
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0230. In the general formula IV, the index and the vari 
ables are each as defined above, at least one phenyl radical 
A' being chlorinated, brominated and/or iodinated. 
0231. The phenyl radicals A" may be combined in any 
manner to give the inventive compounds IV. In particular, 
the inventive compounds IV are biphenyls IV, diphenyl 
ethers IV and diphenylmethanes IV. The inventive biphenyls 
IV and diphenyl ethers IV preferably have no other sub 
stituents. The inventive diphenylmethanes IV preferably 
have at least one, in particular one, methyl group as other 
Substituents. 

0232 Particularly advantageous inventive compounds IV 
a 

0233 2',3,3,4,5,5'6,6'-octabromo-2,4'-difluorodiphe 
nyl ether and 

0234 4-methyl-2.2".5,6-tetrachloro-3,3'-difluoro 
diphenylmethane. 

1.6 The Inventive Compounds V 

0235. The inventive compounds V have the general for 
mula V: 

0236. In the general formula V, the variables and the 
index are each as defined above, the monovalent phenyl 
radical A being chlorinated, brominated and/or iodinated 
when the monovalent phenyl radical B" is not halogenated. 
0237) The phenyl radicals A and B may be combined in 
any manner to give the inventive compounds V. In particular, 
the inventive compounds V are biphenyls V. diphenyl ethers 
V and diphenylmethanes V. The inventive biphenyls V and 
diphenyl ethers V preferably have no other substituents. The 
inventive diphenylmethanes V preferably have at least one, 
in particular one, methyl group as other Substituents. 
0238 Examples of particularly advantageous inventive 
compounds V are 

0239). 2',4',4-trichloro-3,5-difluorobiphenyl and 
0240 4-methyl-2.2".5,6-tetrachloro-3,3'-difluoro 
diphenylmethane. 

1.7 The Inventive Compounds VI 

0241 The inventive compounds VI have the general 
formula VI: 

(VI) 
(L)p 

A2 A2. 
N/ 

0242. In the general formula VI, the variables and the 
index are each as defined above, at least one phenyl radical 
A being chlorinated, brominated and/or iodinated. 
0243) The phenyl radicals. A may be combined in any 
manner to give the inventive compounds VI. In particular, 
the inventive compounds VI are dibenzofurans VI and 
dibenzo-p-dioxins VI. The inventive dibenzofurans VI and 
dibenzo-p-dioxins VI preferably have no other substituents. 
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0244 Examples of particularly advantageous inventive 
compounds VI are 

0245 1,2,3,7,8,9-hexachloro-4,6-difluorodibenzofu 
ran and 

0246 
dioxin. 

1,2,3,7,8,9-hexachloro-4,6-difluorodibenzo-p- 

1.8 The Inventive Compounds VII 

0247 The inventive compounds VII have the general 
formula VII: 

(VII) 

0248. In the general formula VII, the variables L and B 
and the index p are each as defined above, the divalent 
phenyl radical A' being chlorinated, brominated and/or 
iodinated when the divalent phenyl radical B is not halo 
genated. 

0249. In the general formula IV, the variable A is a 
divalent, difluorinated phenyl radical or a divalent chlori 
nated, brominated and/or iodinated, difluorinated phenyl 
radical. The divalent phenyl radical A' has the general 
formula XXV: 

(XXV) 

where the variable X is as defined above, in particular a 
chlorine atom and/or bromine atom, and the index u=0, 1 or 
2. 

0250) Examples of suitable divalent difluorinated phenyl 
radicals A are 

0251 3,4-, 3.5-, 3.6- and 4,5-difluorophen-1,2-ylene 
radicals. 

0252) Examples of suitable divalent, chlorinated, bromi 
nated and/or iodinated, difluorinated phenyl radicals A are 
3,4-, 3.5-, 3.6- and 4,5-difluorophen-1,2-ylene radicals 
which are substituted by at least one chlorine atom, at least 
one bromine atom and/or at least one iodine atom, preferably 
at least one chlorine atom and/or at least one bromine atom 
and in particular at least one chlorine atom. Examples of 
very suitable chlorinated, difluorinated phenyl radicals A 
a 

0253) 4-chloro- and 2-chloro-3,5-difluorophen-1,2- 
ylene and 2,4-dichloro-3,5-difluorophen-1,2-ylene. 
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0254) The phenyl radicals A and B may be combined in 
any manner to give the inventive compounds VII. In par 
ticular, the inventive compounds are dibenzofurans and 
dibenzo-p-dioxins VII. The inventive dibenzofurans and 
dibenzo-p-dioxins VII preferably have no other substituents. 
2. The Inventive Processes 1 to 3 

2.1 Preliminary Remark 
0255 The inventive compounds I to VII may be prepared 
with the aid of customary and known low molecular weight 
organic chemistry processes. According to the invention, it 
is advantageous to prepare the inventive compounds I, IV 
and V with the aid of the inventive process 1, to prepare the 
inventive compounds I, II and IV to VII with the aid of the 
inventive process 2 and to prepare the inventive compounds 
III with the aid of the inventive process 3. 
2.2 The Inventive Process 1 

0256 Inventive compounds I, IV and V, especially inven 
tive diphenyl ethers I, IV and V. are prepared preferably with 
the aid of the inventive process 1. 
0257. In a first variant of the inventive process 1 a 
symmetrical difluorinated or tetrafluorinated iodonium salt 
of the general formula VIII: 

O)--O." 
where the index and the variables are each defined as 
follows: 

0258 

(VIII) 

t is 1 or 2, 

0259 n is 0 or an integer from 1 to 4, where n=max. 3 
when t=2, 

0260 q is an integer from 1 to 4, in particular 1 or 2, 
0261 X is chlorine, bromine and/or iodine, in particular 
chlorine and/or bromine, and 

0262 Y is an acid anion, in particular chloride or sulfate: 
is reacted with a chlorinated, brominated and/or iodinated 

phenol, especially a chlorinated and/or brominated phe 
nol, of the general formula IX 

9 OH, 
(IX) 

where the index m=0 or an integer from 1 to 5 and the 
variable X is as defined above. 

0263. In this case, the index m is obligatorily an integer 
from 1 to 5 when the index n is 0. 

0264. Examples of suitable symmetrical difluorinated 
diphenyliodonium salts of the general formula VIII are the 
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above-described inventive diphenyliodonium salts of the 
general formula III, and also 2.2-, 3,3'- and 4,4'-difluo 
rodiphenyliodonium salts. 
0265 Examples of suitable symmetrical tetrafluorinated 
diphenyliodonium salts of the general formula VIII are 
3.3',4,4-tetrafluorodiphenyliodonium chloride and 3,3',5,5'- 
tetrafluorodiphenyliodonium chloride. 
0266 Examples of suitable chlorinated, brominated and/ 
or iodinated, especially chlorinated and/or brominated, phe 
nols of the general formula IX are phenols which have one 
of the above-described phenyl radicals B of the general 
formula XXI. 

0267 In the second variant of the inventive process 1 a 
symmetrical unfluorinated diphenyliodonium salt of the 
general formula X: 

where the variables X and Y and the indices mand q are each 
as defined above; 

(X) 

is reacted with a monofluorinated or difluorinated phenol of 
the general formula XI: 

(XI) 

( OH, 

where the indices t and n, where n=max. 3 when t=2, and the 
variable X are each as defined above. 

0268. In this case, the index m is obligatorily an integer 
from 1 to 5 when the index n=0. Or else, the index n is 
obligatorily an integer from 1 to 4 or from 1 to 3 when the 
index m is 0. 

0269. Examples of suitable diphenyliodonium salts of the 
general formula X, such as 4,4'-dichloro-, 4,4'-dibromo- and 
4,4'-diiododiphenyliodonium salts and polybrominated 
diphenyliodonium salts are described 

0270 in the article by F. Marshall Beringer, Robert A. 
Falk, Marilyn Karniol, Irving Lillien, Giulio Masullo, 
Marvin Mausner and Erwin Sommer, “Diaryliodonium 
Salts. IX. The Synthesis of Substituted Diphenyl Iodo 
nium Salts”, Journal of the American Chemical Society, 
volume 81, pages 342 to 351, 1959, or 

0271 in the article by Göran Marsh, Jiwei Hu, Eva 
Jokobsson, Sara Rahm, and Ake Bergman, “Synthesis 
and Characterization of 32 Polybrominated Diphenyl 
Ethers’. Environmental Science and Technology, vol 
ume 33, pages 3033 to 3037, 1999. 

0272. The phenol of the general formula XI preferably 
contains a phenyl radical A' of the general formula XX. 
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0273 Preference is given to using the first variant of the 
inventive process 1. Very particular preference is given to 
using the inventive diphenyliodonium salts III of the general 
formula III. In particular, 3,3'-dibromo-4,4'-difluorodiphe 
nyliodonium chloride is used. 
0274 The inventive process is preferably carried out in 
the presence of a strong organic or inorganic base, especially 
of an inorganic base. Particular preference is given to using 
NaOH. 

2.3 The Inventive Process 2 

0275 Inventive compounds I, II and IV to VII are pref 
erably prepared with the aid of the inventive process 2. 
2.3.1 Inventive Process 2—First Variant 

0276. In the first variant of the inventive process 2, a 
chlorinated, brominated and/or iodinated, aromatic com 
pound having two benzene rings of its base structure of the 
general formula XII or XIII: 

(XII) 
Bl-(L)-B or 

(XIII) 
(L)p 

is monofluorinated or difluorinated. This can be done by 
direct fluorination with elemental fluorine or with fluorinat 
ing agents such as Xenon difluoride. However, it is also 
possible to employ the Schiemann reaction, in which the 
fluorination is effected by the decomposition of the corre 
sponding diazonium tetrafluoroborate salts. 

0277. In the general formula XII or XIII, the variables B", 
B° and L and the index pare each as defined above, with the 
proviso that at least one of the phenyl radicals B or B is 
chlorinated, brominated and/or iodinated. 

0278 Examples of suitable aromatic compounds XII are 
halogenated biphenyls XII, diphenyl ethers XII and diphe 
nylmethanes XII. Examples of suitable aromatic compounds 
XIII are dibenzo-p-dioxins XIII and dibenzofurans XIII. 
These compounds XII and XIII are known per se and are 
described in 

0279 Römpp Online 2003, “Polychlorierte Biphe 
nyle'Polychlorinated Biphenyls), “PCB-Abbau'PCB 
Degradation. “Polybromierte Biphenyle'Polybromi 
nated Biphenyls). "Schadstoff-Höchstmengen-Verord 
nung’German Maximum Harmful Substance Levels 
Act, “Flammschutzmittel'Flame Retardants and 
“Dioxine'Dioxins): 

0280 Mitchell D. Erickson, “Introduction: PCB Prop 
erties. Uses, Occurrence, and Regulatory History’, in 
Roberston and Hanson (Editors), PCB. The University 
Press of Kentucky, pages xi to XXviii, 2001; 

0281 George M. Frame, “The Current State-of-the-Art 
of Comprehensive, Quantitative, Congener-Specific 
PCB Analysis, and What We Now Know about the 
Distributions of Individual Congeners in Commolercial 
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Aroclor Mixtures’, in Robertson and Hanson (Editors), 
PCB, The University Press of Kentucky, pages 3 to 9, 
2001; 

0282 Hans-Joachim Lehmler, Carolyn P. Brock, Brian 
Patrick, Larry D. Robertson, “Synthesis of Polychlori 
nated Biphenyls (PCBs) and Their Metabolites Using 
the Suzuki-Coupling, in Robertson and Hanson (Edi 
tors), PCB. The University Press of Kentucky, pages 57 
to 60, 2001; 

0283 Göran Marsh, Jiwei Hu, Eva Jokobsson, Sara 
Rahm, and Ake Bergman, “Synthesis and Character 
ization of 32 Polybrominated Diphenyl Ethers’. Envi 
ronmental Science and Technology, Volume 33, pages 
3033 to 3037, 1999; 

0284 Anders Gara, Kurt Andersson, Carl-Axel Nils 
son and Ake Norström, “Synthesis of halogenated 
diphenyl ethers and dibenzofurans—A discussion of 
specific isomers available'. Chemosphere; and 

0285) Michael Herrmann, Umweltbundesamt, Post 
fach 33 00 22, 14191 Berlin, Federal Republic of 
Germany, “UGILEC August 2002). 

0286 Examples of suitable compounds XIII are 

0287) 

0288 

1,2,3,7,8,9-hexachlorodibenzofuran, 

1,2,3,7,8,9-hexachlorodibenzo-p-dioxin and 

0289 4-methyl-2.2".5,6-tetrachlorodiphenylmethane. 
2.3.2 Inventive Process 2—Second Variant 

0290. In the second variant of the inventive process 2, a 
monofluorinated or difluorinated, aromatic compound hav 
ing two benzene rings in its base structure of the general 
formula XIV to XIX: 

Al-(L)-B', (XIV) 

Al-(L)-A', (XV) 

A-(L)-B', (XVI) 
(XVII) 

(L)p 

A2 Y. 
N/ 
(L) (XVIII) 

p 

A. A2 or 
/ 

(L) (XIX) 
p 

A. Y: 
N/ 

where the indices and the variables are each as defined 
above, with the proviso that the phenyl radicals A' to A and 
B' and B are not chlorinated, brominated and/or iodinated: 
is chlorinated, brominated and/or iodinated in a manner 
known per se, especially chlorinated and/or brominated. 
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0291 Examples of suitable compounds XIV to XIX are 
0292 4-fluorobiphenyl (XIV), 

0293 2,4'-difluorodiphenyl ether (XV), 

0294 3,5-difluorodiphenylmethane (XVI), 

0295) 3-fluorodibenzofuran (XVII), 

0296) 

0297) 

3,7-difluorodibenzo-p-dioxin (XVIII) and 

1,3-difluorodibenzofuran (XIX), 
in particular 2,4'-difluorodiphenyl ether (XV). 

2.2.3 Inventive Process 2 Third Variant 

0298 The third variant of the inventive process 2 is 
preferably used for the preparation of inventive compounds 
I, IV or V, especially of biphenyls I, IV or V and diphenyl 
methanes I, IV or V. 

0299. In this variant, a chlorinated, brominated and/or 
iodinated benzene derivative is reacted with a brominated 
and/or iodinated, monofluorinated or difluorinated benzene 
or alkylbenzene, or a brominated and/or iodinated, chlori 
nated, monofluorinated or difluorinated benzene or alkyl 
benzene. 

0300 Examples of suitable benzene derivatives for the 
third variant of the inventive process 2 are chlorinated, 
brominated and/or iodinated benzeneboric acids which, 
under the conditions of the Suzuki coupling, can be reacted 
with the brominated and/or iodinated, monofluorinated or 
difluorinated benzenes or the brominated and/or iodinated, 
chlorinated, monofluorinated or difluorinated benzenes (cf. 
Hans-Joachim Lehmler, Carolyn P. Brock, Brian Patrick, 
Larry D. Robertson, “Synthesis of Polychlorinated Biphe 
nyls (PCBs) and Their Metabolites Using the Suzuki-Cou 
pling, in Robertson and Hanson (Editors), PCB. The Uni 
versity Press of Kentucky, pages 57 to 60, 2001). 
0301 The chlorinated, brominated and/or iodinated ben 
Zeneboric acid is preferably selected from the group con 
sisting of 

0302 2-, 3- and 4-halobenzeneboric acid; 

0303 2.3-, 2,4-, 2.5-, 2,6-, 3,4- and 3,5-dihaloben 
Zeneboric acid; 

0304 2,3,4-, 2,4,5-, 2.4.6- and 3,4,5-trihalobenzenebo 
ric acid; 

0305 2.3.4.6- and 2,3,4,5-tetrahalobenzeneboric acid; 
and 

0306 pentahalobenzeneboric acid; 

where the halogen is selected from the group consisting of 
chlorine, bromine and iodine. 

0307 The halogen is preferably selected from the group 
consisting of chlorine and bromine. 
0308 The chlorinated and/or brominated benzeneboric 
acid is more preferably selected from the group consisting of 

0309 2-, 3- and 4-chlorobenzeneboric acid; 

0310) 2-, 3- and 4-bromobenzeneboric acid; 
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0311 2-chloro-6-bromo- 3-chloro-2-bromo-, 
2-chloro-3-bromo-, 2-chloro-5-bromo-, 3-chloro-6- 
bromo-, 4-chloro-2-bromo- and 2-chloro-4-bromoben 
Zeneboric acid; 

0312 2,4-dichloro-6-bromo-, 2,6-dichloro-4-bromo 
4-chloro-2,6-dibromo-, 2-chloro-4,6-dibromo-, 2,3- 
dichloro-4-bromo-, 2,4-dichloro-3-bromo-, 3,4- 
dichloro-2-bromo-, 4-chloro-2,3-dibromo-, 3-chloro-2, 
4-dibromo-, 2-chloro-3,4-dibromo-, 3,4-dichloro-5- 
bromo-, 3,5-dichloro-4-bromo-, 3-chloro-4,5-dibromo 
and 4-chloro-3,5-dibromobenzeneboric acid; 

0313 2,4,5-trichloro-6-bromo- 2,4,6-trichloro-3- 
bromo-, 2,3,6-trichloro-4-bromo-, 2,3,4-trichloro-5- 
bromo- and 2,3,4-trichloro-6-bromo-, 2,4-dichloro-5,6- 
dibromo-, 2,5-dichloro-4,6-dibromo-, 3,4-dichloro-2, 
6-dibromo-, 2,6-dichloro-3,4-dibromo-, 2,4-dichloro 
3,6-dibromo-, 2-chloro-4,5,6-tribromo-, 3-chloro-4,5, 
6-tribromo-, 4-chloro-2,5,6-tribromo-, 4-chloro-3,5,6- 
tribromo-, 3-chloro-2,4,6-tribromo- and 2-chloro-3,4, 
6-tribromobenzeneboric acid; 

0314 2,3,4,5-tetrachloro-6-bromo-, 2,3,4,6-tetra 
chloro-5-bromo-, 2,3,5,6-tetrachloro-4-bromo-, 2,2,4- 
trichloro-5,6-dibromo-, 2,4,5-trichloro-3,6-dibromo-, 
3,4,5-trichloro-2,6-dibromo-, 2,3-dichloro-4,5,6-tri 
bromo-, 2,4-dichloro-3,5,6-tribromo-, 2,5-dichloro-3, 
4,6-tribromo-, 2,6-dichloro-3,4,5-tribromo-, 2-chloro 
3,4,5,6-tetrabromo-, 3-chloro-2,4,5,6-tetrabromo- and 
4-chloro-2,3,5,6-tetrabromobenzeneboric acid; and 

0315 pentachloro- and pentabromobenzeneboric acid. 

0316 Examples of suitable alkylbenzenes as base struc 
tures of the monofluorinated or difluorinated alkylbenzenes 
are toluene, Xylene and cresol. 

0317 Preferably, 

0318 the brominated and/or iodinated, monofluori 
nated or difluorinated benzene is selected from the 
group consisting of 1.2-, 1.4- and 1,3-dihalo-, 1.2.3-, 
1,2,4- and 1.3.5-trihalo-, 1.2.3,4-, 1.2.3,5- and 1,2,4,5- 
tetrahalo-, pentahalo- and hexahalobenzene in which 
one or two fluorine and at least one halogen selected 
from the group consisting of bromine and iodine are 
present. 

Preferably, 

0319 the brominated and/or iodinated, chlorinated, 
monofluorinated or difluorinated benzene is selected 
from the group consisting of 1.2.3-, 1.2.4- and 1.3.5- 
trihalo-, 1.2.3,4-, 1.2.3.5- and 1,2,4,5-tetrahalo-, pen 
tahalo- and hexahalobenzene in which one or two 
fluorine, at least one chlorine and at least one halogen 
Selected from the group consisting of bromine and 
iodine are present. 

0320 The halogen is preferably selected from the group 
consisting of chlorine and bromine. 

0321) An example of a suitable chlorinated and bromi 
nated, difluorinated benzene is 1,3-difluoro-2-chloro-5-bro 
mobenzene. 
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0322 The brominated and/or iodinated, monofluorinated 
alkylbenzene which may optionally also be chlorinated is 
preferably selected from the group consisting of 

0323 2-fluoro- and 3-fluoro-4-bromomethyltoluene 
and 2-fluoro- and 3-fluoro-4-iodomethyltoluene. 

0324 Generally, in the third variant of the inventive 
process 2, the selection of the reactants is made such that 

0325 the resulting inventive biphenyls I and diphenyl 
methanes I contain the above-described phenyl radicals 
A' of the general formula XX and the above-described 
phenyl radicals B of the general formula XXI, 

0326 the resulting inventive biphenyls IV and diphe 
nylmethanes IV contain the above-described phenyl 
radicals A' of the general formula XX or 

0327 the resulting inventive biphenyls V and diphe 
nylmethanes V contain the above-described phenyl 
radicals A and the above-described phenyl radicals B' 
of the general formula XXI. 

0328. The person skilled in the art can therefore make the 
selection of the Suitable reactants in a simple manner with 
reference firstly to the target compounds and secondly to the 
reactive functional groups required for the particular cou 
pling reactions. 
0329. However, it is also possible to employ other cou 
pling reactions such as Negishi coupling, the "Stille reac 
tion” or the Kumada coupling. Preference is given to using 
Suzuki coupling. 
2.3.4. Inventive Process 2—Fourth Variant 

0330. The fourth variant of the inventive process 2 is also 
preferably used for the preparation of inventive compounds 
I, IV and V. In this variant, a chlorinated, brominated and/or 
iodinated, monofluorinated or difluorinated benzene deriva 
tive is reacted with a brominated and/or iodinated benzene 
or alkylbenzene or a brominated and/or iodinated, chlori 
nated benzene or alkylbenzene. 
0331 Examples of suitable monofluorinated or difluori 
nated benzene derivatives for the fourth variant of the 
inventive process 2 are optionally chlorinated, brominated 
and/or iodinated, monofluorinated or difluorinated ben 
Zeneboric acids which, under the conditions of the Suzuki 
coupling, can be reacted with the brominated and/or iodi 
nated benzenes or alkylbenzenes or the brominated and/or 
iodinated, chlorinated benzenes or alkylbenzenes. 
0332 The chlorinated, brominated and/or iodinated, 
monofluorinated benzene derivative is preferably a monof 
luorinated benzeneboric acid or a chlorinated, brominated 
and/or iodinated, monofluorinated benzeneboric acid. 

0333. The monofluorinated benzeneboric acid is prefer 
ably selected from the group consisting of 

0334 2-, 3- and 4-fluorobenzeneboric acid. 

0335 The chlorinated, brominated and/or iodinated, 
monofluorinated benzeneboric acid is preferably selected 
from the group consisting of 

0336 2-fluoro-3-halo-, 2-fluoro-4-halo-, 2-fluoro-5- 
halo- and 2-fluoro-6-halobenzeneboric acid; 
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0337 3-fluoro-2-halo-, 3-fluoro-4-halo-, 3-fluoro-5- 
halo- and 3-fluoro-6-halobenzeneboric acid; 

0338 4-fluoro-2-halo- and 4-fluoro-3-halobenzenebo 
ric acid; 

0339 2-fluoro-3,4-dihalo- 2-fluoro-3,5-dihalo-, 
2-fluoro-3,6-dihalo-, 2-fluoro-4,5-dihalo- and 2-fluoro 
4,6-dihalobenzeneboric acid; 

0340 3-fluoro-2,4-dihalo- 3-fluoro-2,5-dihalo-, 
3-fluoro-2,6-dihalo-, 3-fluoro-4,5-dihalo-, 3-fluoro-4, 
6-dihalo- and 3-fluoro-5,6-dihalobenzeneboric acid; 

0341 4-fluoro-2,3-dihalo- 4-fluoro-2,5-dihalo-, 
4-fluoro-3,5-dihalo- and 4-fluoro-2,6-dihaloben 
Zeneboric acid; 

0342 2-fluoro-3,4,5-trihalo-, 2-fluoro-3,4,6-trihalo 
and 2-fluoro-4,5,6-trihalobenzeneboric acid; 

0343 3-fluoro-2,4,5-trihalo-, 3-fluoro-2,4,6-trihalo 
and 3-fluoro-4,5,6-trihalobenzeneboric acid; 

0344) 4-fluoro-2,3,5-trihalo- and 4-fluoro-2,5,6-triha 
lobenzeneboric acid; and 

0345 2-fluoro-3,4,5,6-tetrahalo-, 3-fluoro-2,4,5,6-tet 
rahalo- and 4-fluoro-2,3,5,6-tetrahalobenzeneboric 
acid; 

where the halogen is selected from the group consisting of 
chlorine, bromine and iodine. 

0346) The halogen is more preferably selected from the 
group consisting of chlorine and bromine. 
0347 The chlorinated and/or brominated, monofluori 
nated benzeneboric acid is most preferably selected from the 
group consisting of 

0348 2-fluoro-3-chloro-, 2-fluoro-4-chloro-, 2-fluoro 
5-chloro- and 2-fluoro-6-chlorobenzeneboric acid; 

0349 3-fluoro-2-chloro-, 3-fluoro-4-chloro-, 3-fluoro 
5-chloro- and 3-fluoro-6-chlorobenzeneboric acid; 

0350 4-fluoro-2-chloro 
Zeneboric acid; 

0351 2-fluoro-3-bromo-, 2-fluoro-4-bromo-, 2-fluoro 
5-bromo- and 2-fluoro-6-bromobenzeneboric acid; 

and 4-fluoro-3-chloroben 

0352 3-fluoro-2-bromo-, 3-fluoro-4-bromo-, 3-fluoro 
5-bromo- and 3-fluoro-6-bromobenzeneboric acid; 

0353 4-fluoro-2-bromo- and 4-fluoro-3-bromoben 
Zeneboric acid; 

0354 2-fluoro-4-chloro-3-bromo-, 2-fluoro-3-chloro 
4-bromo-, 2-fluoro-5-chloro-3-bromo-, 2-fluoro-3- 
chloro-5-bromo- 2-fluoro-6-chloro-3-bromo-, 
2-fluoro-3-chloro-6-bromo- 2-fluoro-5-chloro-4- 
bromo-, 2-fluoro-4-chloro-5-bromo-, 2-fluoro-6- 
chloro-4-bromo-, 2-fluoro-4-chloro-6-bromo-, 
2-fluoro-5-chloro-6-bromo- and 2-fluoro-6-chloro-5- 
bromobenzeneboric acid; 

0355 3-fluoro-4-chloro-2-bromo-, 3-fluoro-2-chloro 
4-bromo-, 3-fluoro-5-chloro-2-bromo-, 3-fluoro-2- 
chloro-5-bromo- 3-fluoro-6-chloro-2-bromo-, 
3-fluoro-2-chloro-6-bromo- 3-fluoro-5-chloro-4- 
bromo-, 3-fluoro-4-chloro-5-bromo-, 2-fluoro-6- 
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3-fluoro-4-chloro-6-bromo 
and 3-fluoro-5-chloro-6- 

chloro-4-bromo-, 
3-fluoro-6-chloro-5-bromo 
bromobenzeneboric acid; 

0356 4-fluoro-3-chloro-2-bromo-, 4-fluoro-2-chloro 
3-bromo-, 4-fluoro-2-chloro-5-bromo-, 4-fluoro-5- 
chloro-3-bromo- and 4-fluoro-2-chloro-6-bromoben 
Zeneboric acid; 

0357 2-fluoro-4,5-dichloro-3-bromo-, 2-fluoro-3,5- 
dichloro-4-bromo-, 2-fluoro-3,4-dichloro-5-bromo 
2-fluoro-5-chloro-3,4-dibromo-, 2-fluoro-4-chloro-3,5- 
dibromo-, 2-fluoro-3-chloro-4,5-dibromo-, 2-fluoro-3, 
4-dichloro-3-bromo-, 2-fluoro-3,6-dichloro-4-bromo 
2-fluoro-3,4-dichloro-6-bromo-, 2-fluoro-6-chloro-3,4- 
dibromo-, 2-fluoro-4-chloro-3,6-dibromo-, 2-fluoro-3- 
chloro-4,6-dibromo-, 2-fluoro-5,6-dichloro-4-bromo 
2-fluoro-4,6-dichloro-5-bromo-, 2-fluoro-4,5-dichloro 
6-bromo-, 2-fluoro-6-chloro-4,5-dibromo-, 2-fluoro-5- 
chloro-4,6-dibromo- and 2-fluoro-4-chloro-5,6-dibro 
mobenzeneboric acid; 

0358 3-fluoro-4,5-dichloro-2-bromo-, 3-fluoro-2,5- 
dichloro-4-bromo-, 3-fluoro-2,4-dichloro-5-bromo 
3-fluoro-4-chloro-2,5-dibromo-, 3-fluoro-2-chloro-4,5- 
dibromo-, 3-fluoro-5-chloro-2,4-dibromo-, 3-fluoro-4, 
6-dichloro-2-bromo-, 3-fluoro-2,6-dichloro-4-bromo 
3-fluoro-6-chloro-2,4-dibromo-, 3-fluoro-4-chloro-2,6- 
dibromo-, 3-fluoro-2-chloro-4,6-dibromo-, 3-fluoro-5, 
6-dichloro-4-bromo-, 3-fluoro-4,6-dichloro-5-bromo 
3-fluoro-4,5-dichloro-6-bromo-, 3-fluoro-6-chloro-4,5- 
dibromo-, 3-fluoro-4-chloro-5,6-dibromo- and 
3-fluoro-5-chloro-4,6-dibromobenzeneboric acid; 

0359 4-fluoro-2,3-dichloro-5-bromo-, 4-fluoro-2,5- 
dichloro-3-bromo-, 4-fluoro-3,5-dichloro-2-bromo 
4-fluoro-3-chloro-5,6-dibromo-, 4-fluoro-3-chloro-2,5- 
dibromo-, 4-fluoro-2-chloro-3,5-dibromo-, 4-fluoro-2, 
3-dichloro-6-bromo-, 4-fluoro-2,6-dichloro-3-bromo 
4-fluoro-2,5-dichloro-6-bromo-, 4-fluoro-2-chloro-5,6- 
dibromo-, 4-fluoro-2-chloro-3,6-dibromo- and 
4-fluoro-3-chloro-2,6-dibromobenzeneboric acid; 

0360 2-fluoro-4,5,6-trichloro-3-bromo-, 2-fluoro-3.5, 
6-trichloro-4-bromo-, 2-fluoro-3,4,6-trichloro-5- 
bromo-, 2-fluoro-3,4,5-trichloro-6-bromo-, 2-fluoro-5, 
6-dichloro-3,4-dibromo-, 2-fluoro-4,6-dichloro-3,5- 
dibromo-, 2-fluoro-4,5-dichloro-3,6-dibromo-, 
2-fluoro-3,6-dichloro-4,5-dibromo-, 2-fluoro-3,5- 
dichloro-4,6-dibromo-, 2-fluoro-3,4-dichloro-5,6-di 
bromo-, 2-fluoro-3-chloro-4,5,6-tribromo-, 2-fluoro-4- 
chloro-3,5,6-tribromo-, 2-fluoro-5-chloro-3,4,6- 
tribromo- and 2-fluoro-6-chloro-3,4,5- 
tribromobenzeneboric acid; 

0361 3-fluoro-4,5,6-trichloro-2-bromo-, 3-fluoro-2.5. 
6-trichloro-4-bromo-, 3-fluoro-2,4,6-trichloro-5- 
bromo-, 3-fluoro-2,4,5-trichloro-6-bromo-, 3-fluoro-5, 
6-dichloro-2,4-dibromo-, 3-fluoro-4,6-dichloro-2,5- 
dibromo-, 3-fluoro-4,5-dichloro-2,6-dibromo-, 
3-fluoro-2,4-dichloro-5,6-dibromo-, 3-fluoro-2,5- 
dichloro-4,6-dibromo-, 3-fluoro-2,6-dichloro-4,5-di 
bromo-, 3-fluoro-6-chloro-2,4,5-tribromo-, 3-fluoro-5- 
chloro-2,4,6-tribromo-, 3-fluoro-4-chloro-2,5,6- 
tribromo- and 3-fluoro-2-chloro-4,5,6- 
tribromobenzeneboric acid; and 

0362 4-fluoro-2,3,5-trichloro-6-bromo-, 4-fluoro-2.3, 
6-trichloro-5-bromo-, 4-fluoro-2,3-dichloro-5,6-di 
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bromo-, 4-fluoro-2,6-dichloro-3,5-dibromo-, 4-fluoro 
3,5-dichloro-2,6-dibromo-, 4-fluoro-2,5-dichloro-3,6- 
dibromo-, 4-fluoro-2-chloro-3,5,6-tribromo- and 
4-fluoro-3-chloro-2,5,6-tribromobenzeneboric acid. 

0363 Preference is given to selecting 
0364 the brominated and/or iodinated benzene from 
the group consisting of monohalo-, 1.2-, 1.4- and 
1,3-dihalo-, 1.2.3-, 1.2.4- and 1,3,5-trihalo-, 1.2.3,4-, 
1,2,3,5- and 1,2,4,5-tetrahalo-, pentahalo- and hexaha 
lobenzene, where the halogen is selected from the 
group consisting of bromine and iodine; and 

0365 the brominated and/or iodinated, chlorinated 
benzene from the group consisting of 1,3-dihalo-, 1.2, 
3-, 1.2.4- and 1.3.5-trihalo-, 1.2.3,4-, 1.2.3,5- and 1.2, 
4,5-tetrahalo-, pentahalo- and hexahalobenzene, where 
at least one chlorine and at least one halogen selected 
from the group consisting of bromine and iodine is 
present. 

0366 Preference is given to selecting the brominated 
and/or iodinated, chlorinated alkylbenzene from the group 
consisting of 

0367 2-chloro-, 3-chloro-, 2,6-dichloro-, 2.5- 
dichloro-, 3,5-dichloro-, 2,3,5-trichloro-, 2,3,6- 
trichloro-4-bromoethyltoluene and -4-iodomethyltolu 
CC. 

0368 Generally, in the fourth variant of the inventive 
process 2, the selection of the reactants is made Such that 

0369 the resulting inventive biphenyls I and diphenyl 
methanes I contain the above-described phenyl radicals 
A' of the general formula XX and the above-described 
phenyl radicals B of the general formula XXI and 

0370 the resulting inventive biphenyls IV and diphe 
nylmethanes IV contain the above-described phenyl 
radicals A' of the general formula XX or 

0371 the resulting inventive biphenyls V and diphe 
nyl-methanes V contain the above-described phenyl 
radicals A and the above-described phenyl radicals B' 
of the general formula XXI. 

0372 The person skilled in the art can therefore make the 
selection of the Suitable reactants in a simple manner firstly 
on the basis of the target compounds and secondly on the 
basis of the reactive functional groups required for the 
particular coupling reactions. 
0373). However, it is also possible to use other coupling 
reactions such as Negishi coupling, the “Stille reaction' or 
Kumada coupling. Preference is given to using Suzuki 
coupling. 
2.4 The Inventive Process 3 

0374 Preference is given to preparing the inventive com 
pounds III with the aid of the inventive process 3. 
0375. In the inventive process 3, a chlorinated, bromi 
nated and/or iodinated, especially chlorinated and/or bromi 
nated, monofluorinated or difluorinated benzene is reacted 
with iodyl sulfate. 
0376 Suitable chlorinated, brominated and/or iodinated, 
especially chlorinated and/or brominated, monofluorinated 
benzenes are those which afford the above-described phenyl 
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radicals A' of the general formula XX. Of course, this can 
only be the case when the chlorinated, brominated and/or 
iodinated, especially chlorinated and/or brominated, monof 
luorinated benzenes still have at least one hydrogen atom. 
The person skilled in the art can therefore easily select the 
suitable chlorinated, brominated and/or iodinated, especially 
chlorinated and/or brominated, monofluorinated benzenes 
on the basis of the target compounds. 

0377 Suitable chlorinated, brominated and/or iodinated, 
especially chlorinated and/or brominated, difluorinated ben 
Zenes are those which afford the above-described phenyl 
radicals A' of the general formula XX. Of course, this can 
only be the case when the chlorinated, brominated and/or 
iodinated, especially chlorinated and/or brominated, monof 
luorinated benzenes still have at least one hydrogen atom. 
The person skilled in the art can therefore easily select the 
suitable chlorinated, brominated and/or iodinated, especially 
chlorinated and/or brominated, monofluorinated benzenes 
on the basis of the target compounds. 

0378 Suitable chlorinated, brominated and/or iodinated, 
especially chlorinated and/or brominated, difluorinated ben 
Zenes are those which afford the above-described phenyl 
radicals A. Of course, this can only be the case when the 
chlorinated, brominated and/or iodinated, especially chlori 
nated and/or brominated, difluorinated benzenes still have at 
least one hydrogen atom. The person skilled in the art can 
therefore easily select the suitable chlorinated, brominated 
and/or iodinated, especially chlorinated and/or brominated, 
difluorinated benzenes on the basis of the target compounds. 

0379 Preference is given to selecting the chlorinated, 
brominated and/or iodinated, monofluorinated or difluori 
nated benzene from the group consisting of 1.2-, 1.4- and 
1,3-dihalo-, 1.2.3-, 1.2.4- and 1.3.5-trihalo-, 1.2.3,4-, 1.2.3, 
5- and 1,2,4,5-tetrahalo- and pentahalobenzene, where one 
or two fluorine and at least one halogen selected from the 
group consisting of chlorine, bromine and iodine are present. 

0380. In terms of method, the inventive process 3 has no 
special features, and can, for example, be carried out analo 
gously to the processes described in the articles 

0381 by F. Marshall Beringer, Robert A. Falk, Marilyn 
Karniol, Irving Lillien, Giulio Masullo, Marvin Maus 
ner and Erwin Sommer “Diaryliodonium Salts. IX. The 
Synthesis of Substituted Diphenyl Iodonium Salts', in 
Journal of the American Chemical Society, volume 81, 
pages 342 to 351, 1959, or 

0382 by Göran Marsh, Jiwei Hu, Eva Jokobsson, Sara 
Rahm, and Ake Bergman, “Synthesis and Character 
ization of 32 Polybrominated Diphenyl Ethers', in 
Environmental Science and Technology, volume 33, 
pages 3033 to 3037, 1999. 

0383. It is a very particular advantage of the inventive 
processes 1 to 3 that they make available an exceptionally 
large number of new mixed halogenated compounds, i.e. the 
inventive compounds I to VII. Among these, especially the 
inventive compounds I, II and IV to VII have the particular 
advantage that they can be used in an outstanding manner in 
the analysis of organic compounds, preferably halogenated 
organic compounds, particularly preferably halogenated aro 
matic compounds, especially chlorinated, brominated and/or 
iodinated diphenyl ethers, biphenyls, diphenylmethanes, 
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dibenzo-p-dioxins and dibenzofurans, especially in environ 
mental analysis, toxicology, biochemistry and medicine, 
especially 

0384 as internal standards or surrogate standards 
which, together with their parent compounds, i.e. the 
unfluorinated, congeneric, chlorinated, brominated 
and/or iodinated diphenyl ethers, biphenyls, diphenyl 
methanes, dibenzo-p-dioxins and dibenzofurans, pass 
through physical, chemical and/or biological processes 
and are then detected and/or analyzed together with 
them or separately from them, 

0385) as external standards which, in place of their 
parent compounds, pass through physical, chemical 
and/or biological processes for the purposes of cali 
brating these processes and are analyzed and/or 
detected separately from the parent compounds, and/or 

0386 as model compounds which, in place of their 
parent compounds, pass through chemical and/or bio 
logical processes for the purposes of elucidating the 
reaction mechanisms and whose reaction products are 
detected and/or analyzed. 

0387. This allows the analysis of the unfluorinated parent 
compounds to be improved significantly. 

EXAMPLES 

Example 1 

The preparation of 3,3'-dibromo-4,4'-difluoro-diphe 
nyliodonium chloride 

0388 A mixture of concentrated sulfuric acid (1.9 ml) 
and 30 percent fuming sulfuric acid (3.75 ml) was added 
with stirring to iodine (1.59 g; 6.25 mmol). A mixture of 
concentrated sulfuric acid (0.5 ml), 30 percent fuming 
sulfuric acid (0.75 ml) and 100 percent fuming nitric acid 
(0.81 ml) was added slowly to the resulting mixture. The 
reaction mixture was stirred at from 70 to 80° C. over 1.5 
hours, in the course of which yellow crystals of iodyl sulfate 
separate out. When the color of iodine had not yet disap 
peared fully, more fuming nitric acid was added dropwise. 
The resulting mixture was cooled to 0° C. and 2-bromof 
luorobenzene (5.47 g; 31.25 mmol: 3.42 ml) was slowly 
added dropwise. The resulting reaction mixture was stirred 
at 45° C. over two hours and then cooled to 0° C. 12.5 ml 
of water were added cautiously (exothermic reaction). The 
nitrogen oxides formed were removed by passing a nitrogen 
stream through the reaction mixture. The aqueous phase was 
decanted off and the oily residue was taken up with metha 
nol. The diphenyliodonium salt was precipitated by drop 
wise addition of concentrated hydrochloric acid. The crude 
yield was 4.01 g (7.86 mmol; 62.9%). The following ana 
lytical data were obtained: 
0389 Melting point: 160.3° C.: 
0390 "H NMR (DMSO-d) & 8.67 (H2', dd, J-2.1, 6.5 
Hz), 8.26 (H6, H6', ddd, J-2.2, 4.6, 8.8 Hz), 7.52 (H5, H5', 
dd, J=8.8, 8.8 Hz); 
0391 "C NMR (DMSO-d) & 160 (C4, C4', d, J=250 
Hz), 139 (C2, C2"), 137 (C6, C6', d, J=8 Hz), 120 (C5, C5', 
d, J=23 Hz), 110 (C3, C3', d. J=22 Hz), 158 and 116 not 
identifiable. 
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0392 3,3'-Dibromo-4,4'-difluorodiphenyliodonium chlo 
ride was outstandingly suitable for the preparation of a wide 
variety of different halogenated monofluorinated diphenyl 
ethers. 

Example 2 

The preparation of 4'-fluoro-2,3',4-tribromodiphenyl 
ether 

0393 2,4-Dibromophenol (0.63 g; 2.5 mmol) was dis 
solved in an aqueous solution (20 ml) of NaOH (0.1 g; 2.5 
mmol). 3,3'-Dibromo-4,4'-difluorodiphenyliodonium chlo 
ride of Example 1 (1.58 g; 2.5 mmol) was added to the 
Solution. The resulting reaction mixture was heated at reflux 
over 15 minutes, in the course of which the reaction mixture 
separated into a clear aqueous phase and an oily phase of 
higher density. After the reaction mixture had cooled, it was 
extracted with ether (2x30 ml). The combined extracts were 
washed with water and dried over sodium sulfate. The 
solution was filtered and the solvent was evaporated off. The 
crude product was purified on an open silica gel column with 
n-hexane as the mobile phase. The yield was 0.63 g (1.48 
mmol; 59.3%). The following analytical data were obtained: 
0394 Colorless oil, purity>99%; 0394) purity 

0395 H NMR (CDC1,) & 7.79 (H3', d, J-2.3 Hz), 7.42 
(H5", dd, J=2.3 and 8.7 Hz), 7.15 (H2, dd, J=3.0 and 5.5 Hz), 
7.11 (H5, dd, J=7.9 and 9.0 Hz), 6.9 (H6, ddd, J=3.0, 3.9 and 
9.0 Hz), 6.84 (H6', d, J=8.7 Hz); 

0396 °C NMR (CDC1) & 156 (C4, d, J-244 Hz), 153 
(C1, d. J=3 Hz), 153 (C1), 137 (C3"), 132 (C5"), 123 (C6'), 
122 (C4), 119 (C2, d. J=7 Hz), 118 (C2), 117 (C5, d, J-24 
Hz), 116 (C6), 110 (C5, d. J=23 Hz). 
0397) 4'-Fluoro-2,3',4-tribromodiphenyl ether was usable 
in an outstanding manner in the analysis of brominated 
diphenyl ethers. 

Example 3 

The preparation of 4'-fluoro-2,3',6-tribromodiphenyl 
ether 

0398 2,6-Dibromophenol (1.42 g; 5.6 mmol) was dis 
solved in an aqueous solution (45 ml) of NaOH (0.2 g; 5.6 
mmol). 3,3'-Dibromo-4,4'-difluorodiphenyliodonium chlo 
ride of Example 1 (2.88 g; 5.6 mmol) was added to the 
Solution. The resulting reaction mixture was heated at reflux 
over 1.5 hours, in the course of which the reaction mixture 
separated into a clear aqueous phase and an oily phase of 
higher density. After the reaction mixture had cooled, it was 
extracted with ether (2x50 ml). The combined extracts were 
washed with water and dried over sodium sulfate. The 
solution was filtered and the solvent was evaporated off. The 
crude product was purified on an open silica gel column with 
n-hexane as the mobile phase. The yield was 1.1 g (2.6 
mmol; 46.1%). The following analytical data were obtained: 
0399. White crystals, purity>99%; 

0400 "H NMR (CDC1) & 7.63 (H3 and H5", d. J=8.1 
Hz), 7.06 (H5 and H4 overlapping, dd, J=8.1, 8.1 and 8.7 
Hz), 7.01 (H2, dd, J=3.0 and 5.5 Hz), 6.73 (H6, ddd, J-3.1, 
3.4 and 9.0 Hz); 
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04.01 °C NMR (CDC1) & 155 (C4, d, J-242 Hz), 151 
(C1), 149 (C1'), 133 (C3' and C5"), 128 (C4), 120 and 119 
(C2 or C2' and C6', inclusive), 117 (C5, d. J=24 Hz), 116 
(C6, d. J=7 Hz), 110 (C3, d. J=23 Hz). 
0402 4'-Fluoro-2.3',6-tribromodiphenyl ether was usable 
in an outstanding manner in the analysis of brominated 
diphenyl ethers. 

Example 4 

The preparation of 
4'-fluoro-2.3',4,6-tetrabromodiphenyl ether 

0403 2,4,6-tribromophenol (1.92 g; 5.8 mmol) was dis 
solved in an aqueous solution (47 ml) of NaOH (0.24 g; 5.8 
mmol). 3,3'-Dibromo-4,4'-difluorodiphenyliodonium chlo 
ride of Example 1 (2.96 g; 5.8 mmol) was added to the 
Solution. The resulting reaction mixture was heated at reflux 
over 1.5 hours, in the course of which the reaction mixture 
separated into a clear aqueous phase and an oily phase of 
higher density. After the reaction mixture had cooled, it was 
extracted with ether (3x80 ml). The combined extracts were 
washed with water and dried over sodium sulfate. The 
solution was filtered and the solvent was evaporated off. The 
crude product was purified twice on an open silica gel 
column (once under nitrogen) with n-hexane as the mobile 
phase and recrystallized from methanol. The yield was 0.15 
g (0.29 mmol; 4.9%). The following analytical data were 
obtained: 

04.04 Pure white crystals, purity>98%; 
04.05 H NMR (CDC1) & 7.78 (H3' and H5', s), 7.06 
(H5, dd, J=7.9 and 9.0 Hz), 7.0 (H2, dd, J=3.0 and 5.4 Hz), 
6.73 (H6, ddd, J-3.1, 3.4 and 9.0 Hz); 
0406 °C NMR (CDC1) & 155 (C4, d, J-243 Hz), 152 
(C1, d. J=3 Hz), 148 (C1'), 136 (C3' and C5"), 120 (C4), 120 
(C2), 119 (C2' and C6), 117 (C5, d. J=24 Hz), 116 (C6, d. 
J=7 Hz), 110 (C3, d. J=23 Hz). 
04.07 4'-Fluoro-2.3',4,6-tetrabromodiphenyl ether was 
usable in an outstanding manner in the analysis of bromi 
nated diphenyl ethers. 

Example 5 

The preparation of 4'-fluoro-2,3,3,4,5,6-hexabromo 
diphenyl ether 

0408 Pentabromophenol (8.86 g; 18.1 mmol) was dis 
solved in an aqueous solution (145 ml) of NaOH (0.72 g; 
18.1 mmol). 3,3'-Dibromo-4,4'-difluorodiphenyliodonium 
chloride of Example 1 (2.96 g; 5.8 mmol) was added to the 
Solution. The resulting reaction mixture was heated at reflux 
over 1.5 hours, in the course of which the reaction mixture 
separated into a clear aqueous phase and an oily phase of 
higher density. After the reaction mixture had been cooled, 
it was extracted with ether (3x80 ml) and chloroform (2x50 
ml). The combined ether extracts and the combined chloro 
form extracts were washed separately with water. The aque 
ous phases with which the combined ether extracts had been 
washed were washed with ether, and the aqueous phase with 
which the combined chloroform extracts had been washed 
was washed with chloroform. The combined organic phases 
were dried over sodium sulfate. The solution was filtered 
and the solvents were evaporated off. The crude product was 
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purified on an open silica gel column under nitrogen with 
n-hexane as the mobile phase and recrystallized from metha 
nol. The yield was 1.05 g (1.58 mmol; 8.7%). The following 
analytical data were obtained. 
04.09 Pure white crystals; purity>99%; ry purity 

0410 "H NMR (CDC1) & 7.0 (H5, dd, J=7.9 and 9.0 Hz), 
6.93 (H6, dd, J=3.1 and 5.5 Hz), 6.63 (H2, ddd, J-3.1, 3.6 
and 9.0 Hz) 
0411 °C NMR (CDC1) & 155 (C4, d, J-243 Hz), 152 
(C1, d. J=3 Hz), 150 (C1'), 136 (C3' and C5"), 129 (C3' and 
C5"), 127 (C4), 122 (C2' and C6'), 120 (C2), 117 (C5, d, 
J=24 Hz), 115 (C6, d. J=7 Hz), 110 (C3, d. J=23 Hz). 
0412 4'-Fluoro-2,3,3,4,5,6-hexabromodiphenyl ether 
was usable in an outstanding manner in the analysis of 
brominated diphenyl ethers. 

Example 6 

The preparation of 2,4,4'-trichloro-3'-fluorobiphenyl 
0413 Under an inert gas blanket, 5 ml of an aqueous, two 
molar Sodium carbonate solution were added to a solution of 
5 mmol of 1-fluoro-2-chloro-5-bromobenzene and 0.18 mg 
of Pd(PPh) in 20 ml of toluene. A solution of 5 mmol of 
2,4-dichlorobenzeneboric acid in 10 ml of ethanol was 
added to the resulting mixture under an inert gas blanket. 
The reaction mixture was heated to 80° C. under inert gas 
over one hour. Thereafter, the reaction was ended by adding 
0.5 ml of Perhydrol. Subsequently, the reaction mixture was 
stirred over another 4 hours, after which it was taken up with 
20 ml of diethyl ether. The water-soluble constituents of the 
resulting mixture were removed by shaking with water. The 
removed organic phase was dried with magnesium sulfate. 
After the desiccant had been removed, the organic Solution 
was concentrated by evaporation and the resulting crude 
product was purified by recrystallization. The recrystallized 
product was characterized by mass spectrometry (cf. Table 
1). 
0414 2.4,4'-Trichloro-3'-fluorobiphenyl was usable in an 
outstanding manner in the analysis of chlorinated biphenyls. 

TABLE 1. 

Mass spectrum of 2,4,4-trichloro-3'-fluorobiphenyl 

mz Ion Intensity (%) 

28O M" (CHCIF) 31 
278 Mt 96 
276 M 1OO 
274 M 3 
243 M. C. 1 
241 M. C. 4 

239,238 M. Cl 6 
2O6 M*—Cl 14 
204 M*—Cl 45 

169,168 M*–Cl–Cl 32 
137 M++ 7 

Example 7 

The preparation of 
4-methyl-2.2".5,6-tetrachloro-3'-fluorodiphenylmethane 

0415) 4-Methyl-2.2".5,6-tetrachlorodiphenylmethane was 
fluorinated directly with Fluorselect(R) in an inert organic 
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solvent. Subsequently, any Fluorselect(R) still present was 
reduced. The water-soluble constituents of the resulting 
mixture were removed by shaking with water. The organic 
phase was dried with magnesium Sulfate. After the desiccant 
had been removed, the organic phase was concentrated by 
evaporation and the resulting crude product was purified by 
recrystallization and characterized by mass spectrometry (cf. 
Table 2). 
0416 4-Methyl-2.2".5,6-tetrachloro-3'-fluorodiphenyl 
methane was usable in an outstanding manner in the analysis 
of chlorinated diphenylmethanes (UGILECR). 

TABLE 2 

Mass spectrum of 4-methyl-2.2".5,6-tetrachloro-3'- 
fluorodiphenylmethane 

mz Ion Intensity (%) 

342 Mt 10 
340 M 48 
338 M 1OO 
336 Mt 78 
321 M*-CH 2 
305 M C 2 
303 M C 6 
301 M. C 7 
288 M*–Cl–CH 2 
270 M'—Cl 4 
268 M'—Cl 23 
266 M*—Cl 36 
251 M*–Cl–CH 4 
233 M'. Cl–Cl 1 
231 M–Cl–Cl 4 
216 M—Cl2—Cl—CH 2 
209 CHCl 9 
2O7 C8H3Cl3 7 
196 M—Cl2—Cl2 28 
192 C7HCl 8 
190 C7HCl 6 
176 M–Cl–Cl–HF 2 
181 M—Cl2—Cl2—CH 2 
169 M++ 11 
168 M++ 9 
145 CHCIF 6 
143 CHCIF 2 
131 CHCIF 3 
129 CHCIF 9 

Example 8 

The preparation of 
1,2,3,7,8,9-hexachlorofluorodibenzofuran 

0417. 1 mmol, corresponding to 0.375 g, of 1,2,3,7,8,9- 
hexa-chlorodibenzofuran were dissolved in 50 ml of acetic 
anhydride with heating. Thereafter, the nitric acid nitrating 
reagent (0.11 g; 63% by weight; 10 percent excess) in 10 ml 
of acetic anhydride were added. After the reaction had 
abated, the reaction mixture was poured onto 100 g of ice 
with vigorous stirring. The resulting crude product, 1.2.3.7. 
8.9-hexachloro-4-nitrodibenzofuran, was filtered off with 
Suction and recrystallized from acetic acid. 
0418. The corresponding amine was prepared by reduc 
ing 1,2,3,7,8,9-hexachloro-4-nitrodibenzofuran with 1.8 
mmol of NaSH in 5 ml of ethanol. The resulting 1,2,3,7,8, 
9-hexachloro-4-aminodibenzofuran was isolated by extract 
ing with five times 30 ml of diethyl ether. The resulting 
solution was washed twice with 10 ml of water and dried 
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over magnesium Sulfate. Subsequently, the amine was 
removed from the desiccant and isolated again. 
0419 1,2,3,7,8,9-Hexachloro-4-aminodibenzofuran was 
converted to the corresponding diazonium compound by the 
reaction with 1.1 mmol of nitrite (dissolved in 2 ml of 
water). The counteranion was exchanged for the tetrafluo 
roborate anion by repeatedly slurrying the diazonium com 
pound at -20°C. in four times 20 ml in each case of 20% 
by weight HBF. The resulting Schiemann salt was decom 
posed to result in the corresponding fluorine compound, 
1,2,3,7,8,9-hexachloro-4-fluoorodibenzofuran. After the 
purification, 0.263 g of the product, corresponding to 67% 
yield, was obtained, and was characterized by mass spec 
trometry (cf. Table 3). 
0420) 1,2,3,7,8,9-Hexachloro-4-fluorodibenzofuran was 
usable in an outstanding manner in the analysis of haloge 
nated dibenzofurans. 

TABLE 3 

Mass spectrum of 1,2,3,7,8.9-hexachloro-4-fluorodibenzofuran 
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oxin, corresponding to a yield of 65%, was obtained, and 
was characterized by mass spectrometry (cf. Table 5). 
0423 Both compounds were usable in an outstanding 
manner in the analysis of chlorinated dibenzo-p-dioxins. 

TABLE 4 

Mass spectrum of 2,3,7,8-tetrachloro-1-fluorodibenzo-p-dioxin 

mz Ion Intensity (%) 

344 M 10 
342 Mt 48 
340 Mt 1OO 
338 M 78 
307 M. C. 2 
305 M. C. 6 
303 M. C. 7 
272 M'—Cl 4 
270 M'—Cl 23 
286 M*—Cl 36 
235 M*–Cl–Cl 1 
233 M–Cl–Cl 4 
198 M'—Cl2 Cl2 28 
178 M*–Cl–Cl–HF 3 
170 M++ 11 
169 M++ 9 

0424) 

TABLE 5 

Mass spectrum of 1.4.6.9-tetrachloro-2-fluorodibenzo-p-dioxin 

mz Ion Intensity (%) 

398 Mt 8 
396 Mt 34 
394 M 8O 
392 Mt 1OO 
390 Mt 52 
361 M. C 2 
359 M C 5 
357 M. C 7 
355 M. C 4 
326 M–Cl 4 
324 M–Cl 17 
322 M*–Cl 35 
320 M*—Cl 28 
289 M–Cl–Cl 1 
287 M–Cl–Cl 3 
285 M*–Cl–Cl 3 
254 M-Cl Cl2 3 
252 M-Cl Cl2 17 
250 M-Cl Cl2 26 
217 M—Cl2—Cl2—Cl 1 
215 M-Cl Cl2 Cl 3 
18O M-Cl Cl2 Cl2 15 
160 M-Cl Cl2 Cl2 HF 1 
198 M++ 2 
197 M++ 5 
196 M++ 8 
195 M++ 3 

Examples 9 and 10 

The preparation of 2,3,7,8-tetrachloro-1-fluorod 
ibenzo-p-dioxin (Example 9) and 1.4.6.9-tetra 
chloro-2-fluorodibenzo-p-dioxin (Example 10) 

0421 For Example 9. Example 8 was repeated, except 
that 2,3,7,8-tetrachlorodibenzo-p-dioxin was used as the 
starting material in place of 1,2,3,7,8,9-hexachlorodibenzo 
furan. 0.211 g of 2,3,7,8-tetrachloro-1-fluorodibenzo-p-di 
oxin was obtained, corresponding to a yield of 62%, and was 
characterized by mass spectrometry (cf. Table 4). 
0422 For Example 10, Example 8 was repeated, except 
that 1.4.6.9-tetrachlorodibenzo-p-dioxin was used as the 
starting material in place of 1,2,3,7,8,9-hexachlorodibenzo 
furan. 0.221 g of 1.4.6.9-tetrachloro-2-fluorodibenzo-p-di 

mz Ion Intensity (%) 

344 Mt 9 
342 Mt 46 
340 Mt 1OO 
338 M 77 
307 M. C. 1 
305 M. C. 7 
303 M. C. 8 
272 M'—Cl 3 
270 M*—Cl 22 
286 M*—Cl 35 
235 M–Cl–Cl 1 
233 M–Cl–Cl 4 
198 M—Cl2—Cl2 29 
178 M*–Cl–Cl–HF 2 
170 M++ 10 
169 M++ 8 

Example 11 

The preparation of 2',3,3'4.5.5',6,6'-octabromo-2,4'- 
difluorodiphenyl ether 

0425 The compound was synthesized by the Lewis acid 
catalyzed bromination of 2,4'-difluorodiphenyl ether. 2,4'- 
Difluorodiphenyl ether was obtained by the Ullmann reac 
tion of 4-fluorophenol with 2-bromofluorobenzene. 

2,4-Difluorodiphenyl ether 

0426 4-Fluorophenol (1.12 g, 10 mmol) was heated to 
50° C. KOH (0.56 g. 10 mmol) was added thereto, and the 
reaction mixture was stirred over 10 min. 2-Bromofluo 
robenzene (1.75 g, 10 mmol) and powdered copper (0.64 g) 
were added thereto. The reaction mixture was stirred at 110° 
C. over a further 2 hours. Unconverted 2-bromofluoroben 
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Zene was removed by means of vacuum distillation. The 
product was Subsequently purified on a silica gel-packed 
column with n-hexane as the mobile phase. Yield: 1.0 g (4.8 
mmol. 48%) of the product with a purity of 97.3%, deter 
mined by means GC. "H NMR: 86.92-7.21 multiple peaks. 
'C NMR: & 158.0 (d, J-341.2, C-4"), 154.8 (d, "J- 
348.5, C-2), 153.2 (d, 'Jer-3.1, C-1'), 144.2 (d. Jer-11.3, 
C-1), 1247 (m, C-6, C-2 and C-6), 121.3 (d, Jr.-1.7, 
C-5), 118.9 (d. J-8.3, C-4), 117.1 (d. J-18.3, C-3), 
116.2 (d, J-23.8, C-3' and C-5'). 

2',3,3',4,5,5,6,6'-Octabromo-2,4'-difluorodiphenyl 
ether 

0427 Bromine (1.4 ml, 27.2 mmol) was dissolved in 
1,2-dichloroethane (6 ml) and added dropwise slowly to a 
mixture of 2,4'-difluorodiphenyl ether (0.5 g; 2.43 mmol) 
and AlC1 (0.04 g; 0.3 mmol) dissolved in 1,2-dichloroet 
hane (5 ml). The reaction mixture was then stirred at 75° C. 
overnight. Subsequently, the reaction was ended by adding 
an aqueous NaHSO Solution (2 g/10 ml). The organic phase 
was removed, washed with water and dried over NaSO. 
The solvent was Subsequently removed on a rotary evapo 
rator. The resulting product was purified by tecrystallization 
from CHC1. Yield: 0.6 g (0.72 mmol), 29%). CNMR: 8 
154.0 (d, J-325.5, C-4), 150.0 (d, J-330.9, C-2), 
148.1 (s, C-1"), 140.2 (d. Jer-15.5, C-1), 125.1 (d. Jer 
5.9, C-6, C-2 and C-6"), 122.9 (s, C-5), 119.0 (d. J =5.9, 
C-4), 118.1 (d. J-7.8, C-3), 113.3 (d, J-34.2, C-3' 
and C-5'). 

Example 12 

The preparation of 
2',4',4-trichloro-3,5-difluorobiphenyl 

0428 Under an inert gas blanket, 5 ml of an aqueous, two 
molar Sodium carbonate solution were added to a solution of 
5 mmol of 1,3-difluoro-2-chloro-5-bromobenzene and 0.18 
mg of Pd(PPh) in 20 ml of toluene. A solution of 5 mmol 
of 2,4-dichlorobenzeneboric acid in 10 ml of ethanol was 
added to the resulting mixture under an inert gas blanket. 
The reaction mixture was heated to 80° C. under inert gas 
over one hour. Thereafter, the reaction was ended by adding 
0.5 ml of Perhydrol. Subsequently, the reaction mixture was 
stirred over another 4 hours, after which it was taken up with 
20 ml of diethyl ether. The water-soluble constituents of the 
resulting mixture were removed by shaking with water. The 
removed organic phase was dried with magnesium sulfate. 
After the desiccant had been removed, the organic Solution 
was concentrated by evaporation and the resulting crude 
product was purified by recrystallization. The recrystallized 
product was characterized by mass spectrometry (cf. Table 
6). 
0429 2',4',4-Trichloro-3,5-difluorobiphenyl was usable 
in an outstanding manner in the analysis of chlorinated 
biphenyls. 

TABLE 6 

Mass Spectrum of 2',4',4-trichloro-3,5-difluorobiphenyl 

mz Ion Intensity (%) 

298 M(C12H9ClF2) 3 
296 M 31 
294 Mt 96 
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mz Ion Intensity (%) 

292 M 1OO 
261 M. C. 1 
259 M. C. 4 
257 M. C. 7 
224 M–Cl 14 
222 M*–Cl 43 
187 M*–Cl–Cl 32 
146 M++ 7 

Example 13 

The preparation of 4-methyl-2.2".5,6-tetrachloro-3', 
5'-difluorodiphenylmethane and 4-methyl-2.2".5,6- 

tetrachloro-3,3'-difluorodiphenylmethane 
0430 4-Methyl-2.2".5,6-tetrachlorodiphenylmethane was 
fluorinated directly with Fluorselect(R) in an inert organic 
solvent. Subsequently, any Fluorselect(R) still present was 
reduced. The water-soluble constituents of the resulting 
mixture were removed by shaking with water. The organic 
phase was dried with magnesium Sulfate. After the desiccant 
had been removed, the organic phase was concentrated by 
evaporation. 4-Methyl-2.2".5,6-tetrachloro-3'-fluorodiphe 
nylmethane was fluorinated directly once more with Flu 
orselect(R) in an inert organic solvent. The reaction mixture 
is then stirred at room temperature for 120 hours. Subse 
quently, any Fluorselect(R) still present was reduced. The 
water-soluble constituents of the resulting mixture were 
removed by shaking with water. The organic phase was dried 
with magnesium Sulfate. After the desiccant had been 
removed, the organic phase was concentrated by evapora 
tion and the resulting crude product was purified by recrys 
tallization. This affords two isomers, 4-methyl-2.2".5,6-tet 
rachloro-3',5'-difluorodiphenylmethane and 4-methyl-2.2".5, 
6-tetrachloro-3,3'-difluorodiphenylmethane, which can be 
separated from one another by repeated Zone melting. The 
products are then characterized by mass spectrometry (cf. 
Tables 7 and 8). 4-Methyl-2.2".5,6-tetrachloro-3',5'-difluo 
rodiphenylmethane and 4-methyl-2.2".5,6-tetrachloro-3,3'- 
difluorodiphenylmethane were usable in an outstanding 
manner in the analysis of chlorinated diphenylmethanes 
(UGILECR). 

TABLE 7 

Mass spectrum of 4-methyl-2.2".5,6-tetrachloro-3',5'- 
difluorodiphenylmethane 

mz Ion Intensity (%) 

360 M(CHCIF) 9 
358 M 47 
356 M 1OO 
3S4 Mt 78 
339 M*-CH 2 
323 M. C. 2 
321 M. C. 5 
319 M. C. 7 
304 M*–Cl–CH 2 
288 M'—Cl 4 
286 M'—Cl 23 
284 M*—Cl 34 
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TABLE 7-continued 

Mass spectrum of 4-methyl-2.2".5,6-tetrachloro-3',5'- 
difluorodiphenylmethane 

mz Ion Intensity (%) 

269 M*–Cl–CH 4 
251 M*–Cl–C 1 
249 M*–Cl–C 4 
234 M-Cl Cl-CH3 2 
214 M—Cl2—Cl2 27 
209 C8H3Cl3 9 
2O7 C8H3Cl3 7 
194 M–Cl–Cl–HF 2 
192 C7HCl 8 
190 C7HCl 7 
191 M-Cl Cl2-CH 2 
178 M++ 11 
177 M++ 9 
163 CHCIF. 2 
161 C7HCIF. 6 
149 CH2CIF2 4 
147 CH2CIF2 9 

0431 

TABLE 8 

Mass spectrum of 4-methyl-2.2".5,6-tetrachloro-3,3'- 
difluorodiphenylmethane 

mz Ion Intensity (%) 

360 M(CH3ClF2) 7 
358 M 47 
356 Mt 1OO 
3S4 Mt 78 
339 M" CH 3 
323 M. C 2 
321 M. C 5 
319 M. C 7 
304 M–Cl–CH 2 
288 M*–Cl 4 
286 M*–Cl 23 
284 M*—Cl 35 
269 M–Cl–CH 4 
251 M*–Cl–Cl 1 
249 M*–Cl–Cl 4 
234 M-Cl Cl-CH3 2 
227 CHCIF 9 
225 CHCIF 7 
214 M-Cl Cl2 27 
213 C7H3Cl3F 7 
211 C7H3Cl3F 5 
194 M*–Cl–Cl–HF 2 
191 M-Cl Cl2-CH 2 
178 M++ 11 
177 M++ 9 
145 CHCIF 2 
143 CHCIF 6 
131 CHCIF 5 
129 CHCIF 9 

Example 14 

The preparation of 
1,2,3,7,8,9-hexachloro-4,6-difluorodibenzofuran 

0432 1 mmol, corresponding to 0.375 g, of 1,2,3,7,8,9- 
hexa-chlorodibenzofuran were dissolved in 50 ml of acetic 
anhydride with heating. Thereafter, the nitric acid nitrating 
reagent (0.25 g; 63% by weight: 25 percent excess) in 10 ml 
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of acetic anhydride were added. After the reaction had 
abated, the reaction mixture was poured onto 100 g of ice 
with vigorous stirring. The resulting crude product, 1.2.3.7. 
8.9-hexachloro-4,6-dinitrodibenzofuran, was filtered off 
with Suction and recrystallized from acetic acid. 

0433. The corresponding amine was prepared by reduc 
ing 1,2,3,7,8,9-hexachloro-4,6-dinitrodibenzofuran with 3.6 
mmol of NaSH in 5 ml of ethanol. The resulting 1,2,3,7,8, 
9-hexachloro-4,6-diaminodibenzofuran was isolated by 
extracting with five times 30 ml of diethyl ether. The 
resulting solution was washed twice with 10 ml of water and 
dried over magnesium Sulfate. Subsequently, the amine was 
removed from the desiccant and isolated again. 

0434 1,2,3,7,8,9-Hexachloro-4,6-diaminodibenzofuran 
was converted to the corresponding diazonium compound 
by the reaction with 2.2 mmol of nitrite (dissolved in 3 ml 
of water). The counteranion was exchanged for the tetrafluo 
roborate anion by repeatedly slurrying the diazonium com 
pound at -20°C. in four times 20 ml in each case of 20% 
by weight HBF. The resulting Schiemann salt was decom 
posed to result in the corresponding fluorine compound, 
1,2,3,7,8,9-hexachloro-4,6-difluorodibenzofuran. After the 
purification, 0.221 g of the product, corresponding to 56% 
yield, was obtained, and was characterized by mass spec 
trometry (cf. Table 8). 

0435 1,2,3,7,8,9-Hexachloro-4,6-difluorodibenzofuran 
was usable in an outstanding manner in the analysis of 
halogenated dibenzofurans. 

TABLE 8 

Mass spectrum of 1,2,3,7,8,9-hexachloro-4,6-fluoro 
dibenzofuran 

mz Ion Intensity (%) 

416 M"(CCIFO) 8 
414 Mt 33 
412 M 79 
410 Mt 1OO 
4.08 Mt 53 
379 M C 2 
377 M. C 5 
375 M. C 8 
373 M C 4 
344 M*—Cl 4 
342 M*—Cl 19 
340 M'—Cl 33 
338 M*—Cl 28 
307 M*–Cl–Cl 1 
305 M–Cl–Cl 3 
303 M*–Cl–Cl 3 
272 M-Cl Cl2 3 
270 M'—Cl2 Cl2 18 
268 M—Cl2—Cl2 24 
235 M-Cl Cl2 Cl 1 
233 M'—Cl2 Cl2 Cl 3 
210 M++ 2 
208 M++ 6 
2O6 M++ 8 
204 M++ 3 
198 M-Cl Cl2 Cl 15 
160 M'—Cl2 Cl2 Cl2 F2 1 
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Example 15 

The preparation of 
1,2,3,7,8,9-hexachloro-4,6-difluoro-dibenzo-p-dioxin 

0436 For Example 15, Example 14 was repeated, except 
that 1,2,3,7,8,9-hexachlorodibenzo-p-dioxin was used as the 
starting material in place of 1,2,3,7,8,9-hexachlorodibenzo 
furan. 0.203 g of 1,2,3,7,8,9-hexachloro-4,6-difluorod 
ibenzo-p-dioxin, corresponding to a yield of 47%, was 
obtained, and was characterized by mass spectrometry (cf. 
Table 9). 
0437. 1,2,3,7,8,9-Hexachloro-4,6-difluorodibenzo-p-di 
oxin is usable in an outstanding manner in the analysis of 
chlorinated dibenzo-p-dioxins. 

TABLE 9 

Mass spectrum of 1,2,3,7,8, 9-hexachloro-4,6-difluorodibenzo 
p-dioxin 

mz Ion Intensity (%) 

432 M(C2ClF2O) 8 
430 M 35 
428 M 79 
426 Mt 1OO 
424 Mt 53 
393 M C 2 
392 M. C 6 
391 M. C 8 
389 M. C 4 
360 M' Cl 4 
358 M*—Cl 21 
356 M*—Cl 33 
3S4 M'—Cl 28 
319 M–Cl–Cl 1 
317 M*–Cl–Cl 3 
315 M*–Cl–Cl 4 
288 M'—Cl2 Cl2 3 
286 M'—Cl2 Cl2 18 
284 M—Cl2—Cl2 24 
251 M-Cl Cl2 Cl 1 
249 M'—Cl2 Cl2 Cl 2 
214 M'—Cl2 Cl2 Cl2 14 
215 M++ 2 
214 M++ 6 
213 M++ 7 
212 M++ 3 
176 M—Cl2—Cl2—Cl2—F2 1 

1. Congeneric, chlorinated, brominated and/or iodinated, 
fluorinated aromatic compounds having two benzene rings 
in their base structure, the fluorinated aromatic compounds 
having the general formula I or II: 

(I) 
Al-(L)-B' or 

(II) 
(L)p 
M 

A2 B2: 
N s / 

where the index and the variables are each defined as 
follows: 

p is 0 or 1; 
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A' is a monovalent, monofluorinated phenyl radical or 
monovalent, chlorinated, brominated and/or iodinated, 
monofluorinated phenyl radical; 

B' is a monovalent, chlorinated, brominated and/or iodi 
nated phenyl radical or monovalent, unhalogenated 
phenyl radical; 

A is a divalent, monofluorinated phenyl radical or diva 
lent, chlorinated, brominated and/or iodinated, monof 
luorinated phenyl radical; 

B is a divalent, chlorinated, brominated and/or iodinated 
phenyl radical or divalent, unhalogenated phenyl radi 
cal; 

L is an oxygen atom, Sulfur atom or alkylene radical; 
with the provisos that 
(1) in the compounds I and II, the phenyl radical A' or A 

is chlorinated, brominated and/or iodinated when the 
phenyl radical B" or B is unhalogenated: 

(2) in the monobrominated compounds I where p=0, the 
phenyl radical B is substituted by the bromine atom; 

(3) in the tetrachlorinated compounds II where p=1 and 
L=oxygen atom, both phenyl radicals A and B are 
substituted by at least one chlorine atom and 

(4) the penta-, hexa- and hepta-halogenated compounds II 
where p=1 and L=OXygen atom are Substituted by 
bromine and/or iodine or by chlorine and bromine 
and/or iodine; 

or have the general formula III, IV, V, VI or VII: 

III 
Al-It-Al Yi- or (IIIa) 

A-It-Al Yi, (IIIb) 
(IV) 

Al-(L)-A', 
(V) 

A-(L)-B', 
(L) (VI) 

A. A' O 
L 

(VII) 
(L)p 
M 2. 

A B. 
L 

where the variables A, B, A, B and L and the index p 
are each as defined above and the variables Y. A and 
A and the index q are each defined as follows: 

q is an integer from 1 to 4, 
Y is an acid anion; 
A is a monovalent, difluorinated phenyl radical or 

monovalent, chlorinated, brominated and/or iodinated, 
difluorinated phenyl radical; 

A is a divalent, difluorinated phenyl radical or divalent, 
chlorinated, brominated and/or iodinated, difluorinated 
phenyl radical; 
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with the provisos that 

(5) in the difluorinated compounds III, A" is not a 
monovalent, monofluorinated phenyl radical; 

(6) in the difluorinated compounds IV, at least one phenyl 
radical A' is chlorinated, brominated and/or iodinated: 

(7) in the difluorinated compounds V, the phenyl radical 
A is chlorinated, brominated and/or iodinated when 
the monovalent phenyl radical B" is not halogenated; 

(8) in the difluorinated compounds VI, at least one phenyl 
radical A is chlorinated, brominated and/or iodinated 
and 

(9) in the difluorinated compounds VII, the phenyl radical 
A is chlorinated, brominated and/or iodinated when 
the divalent phenyl radical B is not halogenated. 

2. Congeneric compounds as claimed in claim 1, wherein 
the phenyl radical A' has the general formula XX: 

F X. 

(XX) 

where the variable X=halogen atom selected from the 
group consisting of chlorine, bromine and iodine, and 
the index n=0 or an integer from 1 to 4. 

3. Congeneric compounds as claimed in claim 1, wherein 
the phenyl radical B has the general formula XXI: 

Xm. 

(XXI) 

where the variable X=halogen atom selected from the 
group consisting of chlorine, bromine and iodine, and 
the index m=0 or an integer from 1 to 5. 

4. Congeneric compounds as claimed in claim 1, wherein 
the phenyl radical A has the general formula XXII: 

(XXII) 

where the variable X=halogen atom selected from the 
group consisting of chlorine, bromine and iodine, and 
the index r=0 or an integer from 1 to 3. 

Dec. 27, 2007 

5. Congeneric compounds as claimed in claim 1, wherein 
the phenyl radical B has the general formula XXII: 

9 
(XXIII) 

where the variable X=halogenatom selected from the group 
consisting of chlorine, bromine and iodine, and the index 
s=0 or an integer from 1 to 4. 

6. Congeneric compounds as claimed in claim 1, wherein 
the phenyl radical A has the general formula XXIV: 

(XXIV) 

where the variable X=halogen atom selected from the 
group consisting of chlorine, bromine and iodine, and 
the index n=0, 1 or 2. 

7. Congeneric compounds as claimed in claim 1, wherein 
the phenyl radical A' has the general formula XXV: 

(XXV) 

where the variable X=halogen atom selected from the 
group consisting of chlorine, bromine and iodine, and 
the index u=0, 1 or 2. 

8. Congeneric compounds as claimed in claim 1, wherein 
L=carbon-carbon single bond, oxygen atom or methylene 
radical. 

9. Congeneric compounds as claimed in claim 1, wherein 
the halogen atom X is selected from the group consisting of 
chlorine and bromine. 

10. Congeneric compounds as claimed in claim 1, 
wherein Y=C1 or SO. 

11. Congeneric compounds as claimed in claim 1, wherein 
the phenyl radicals A" are selected from the group consisting 
of: 

2-, 3- and 4-fluorophenyl: 
2-fluoro-3-halo-, 2-fluoro-4-halo-, 2-fluoro-5-halo- and 

2-fluoro-6-halophenyl: 

3-fluoro-2-halo-, 3-fluoro-4-halo-, 3-fluoro-5-halo- and 
3-fluoro-6-halophenyl: 

4-fluoro-2-halo- and 4-fluoro-3-halophenyl: 
2-fluoro-3,4-dihalo-, 2-fluoro-3,5-dihalo-, 2-fluoro-3,6- 

dihalo-, 2-fluoro-4,5-dihalo- and 2-fluoro-4,6-dih 
alophenyl: 
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2-chloro-6-bromo-, 3-chloro-2-bromo-, 2-chloro-3- 
bromo-, 2-chloro-5-bromo-, 3-chloro-6-bromo-, 
4-chloro-2-bromo- and 2-chloro-4-bromophenyl: 

2,4-dichloro-6-bromo-, 2,6-dichloro-4-bromo-, 4-chloro 
2,6-dibromo-, 2-chloro-4,6-dibromo-, 2,3-dichloro-4- 
bromo-, 2,4-dichloro-3-bromo-, 3,4-dichloro-2- 
bromo-, 4-chloro-2,3-dibromo-, 3-chloro-2,4- 
dibromo-, 2-chloro-3,4-dibromo-, 3,4-dichloro-5- 
bromo-, 3,5-dichloro-4-bromo-, 3-chloro-4,5-dibromo 
and 4-chloro-3,5-dibromophenyl: 

2,4,5-trichloro-6-bromo-, 2,4,6-trichloro-3-bromo-, 2,3,6- 
trichloro-4-bromo-, 2,3,4-trichloro-5-bromo- and 2.3, 
4-trichloro-6-bromo-, 2,4-dichloro-5,6-dibromo-, 2,5- 
dichloro-4,6-dibromo-, 3,4-dichloro-2,6-dibromo-, 
2,6-dichloro-3,4-dibromo-, 2,4-dichloro-3,6-dibromo 
2-chloro-4,5,6-tribromo-, 3-chloro-4,5,6-tribromo 
4-chloro-2,5,6-tribromo-, 4-chloro-3,5,6-tribromo 
3-chloro-2,4,6-tribromo- and 2-chloro-3,4,6-tribro 
mophenyl; and 

2,3,4,5-tetrachloro-6-bromo-, 2,3,4,6-tetrachloro-5- 
bromo-, 2,3,5,6-tetrachloro-4-bromo-, 2,2,4-trichloro 
5,6-dibromo-, 2,4,5-trichloro-3,6-dibromo-, 3,4,5- 
trichloro-2,6-dibromo-, 2,3-dichloro-4,5,6-tribromo 
2,4-dichloro-3,5,6-tribromo-, 2,5-dichloro-3,4,6-tri 
bromo-, 2,6-dichloro-3,4,5-tribromo-, 2-chloro-3,4,5, 
6-tetrabromo-, 3-chloro-2,4,5,6-tetrabromo- and 
4-chloro-2,3,5,6-tetrabromophenyl. 

15. Congeneric compounds as claimed in claim 1, 
wherein the phenyl radical A is selected from the group 
consisting of 

3-fluorophen-1,2-ylene: 
3-fluoro-4-chloro- and -4-bromophen-1,2-ylene; 
3-fluoro-4,5-dichloro-, -4,5-dibromo-, -4-chloro-5- 
bromo- and -4-bromo-5-chlorophen-1,2-ylene: 

3-fluoro-4,5,6-trichloro-, -4.5,6-tribromo-, -4-chloro-5,6- 
dibromo-, -5-chloro-4,6-dibromo-, -4-bromo-5,6- 
dichloro- and -5-bromo-4,6-dichlorophen-1,2-ylene; 

4-fluorophen-1,2-ylene; 
4-fluoro-3-chloro- and -3-bromophen-1,2-ylene; 
4-fluoro-5-chloro- and -5-bromophen-1,2-ylene; 
4-fluoro-6-chloro- and -6-bromophen-1,2-ylene; 
4-fluoro-3,5-dichloro-, -3,5-dibromo-, -3-chloro-5- 
bromo- and -3-bromo-5-chlorophen-1,2-ylene: 

4-fluoro-3,6-dichloro-, -3,6-dibromo-, -3-chloro-6- 
bromo- and -3-bromo-6-chlorophen-1,2-ylene: 

4-fluoro-5,6-dichloro-, -5,6-dibromo-, -5-chloro-6- 
bromo- and -5-bromo-6-chlorophen-1,2-ylene; and 

4-fluoro-3,5,6-trichloro-, -3.5,6-tribromo-, -3-chloro-5,6- 
tribromo-, -3-bromo-5,6-dichloro-, -5-chloro-3,6-di 
bromo-, -5-bromo-3,6-dichloro-, -6-chloro-3,6-di 
bromo- and -6-bromo-3,6-dichlorophen-1,2-ylene. 

16. Congeneric compounds as claimed in claim 1, 
wherein the phenyl radical B is selected from the group 
consisting of 

phen-1,2-ylene; 
3-chloro- and 3-bromophen-1,2-ylene; 
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4-chloro- and 4-bromophen-1,2-ylene; 

3,4-dichloro-, 3,4-dibromo-, 3-chloro-4-bromo- and 
3-bromo-4-chlorophen-1,2-ylene; 

3,5-dichloro-, 3,5-dibromo-, 3-chloro-5-bromo- and 
3-bromo-5-chlorophen-1,2-ylene; 

4,5-dichloro-, 4,5-dibromo- and 4-chloro-5-bromophen 
1.2-ylene; 

3,4,5-trichloro-, 3,4,5-tribromo-, 3-chloro-4,5-dibromo-, 
3-bromo-4,5-dichloro-, 4-chloro-3,5-dibromo- and 
4-bromo-3,5-dichlorophen-1,2-ylene; 

3,4,6-trichloro-, 3,4,6-tribromo-, 3-chloro-4,6-dibromo-, 
4-chloro-3,6-dibromo- and 4-bromo-3,6-dichlorophen 
1.2-ylene; and 

3,4,5,6-tetrachloro-, 3,4,5,6-tetrabromo-, 3-chloro-4,5,6- 
tribromo-, 3-bromo-4,5,6-trichloro-, 3,4-dichloro-5,6- 
dibromo-, 3,5-dichloro-4,6-dibromo-, 4,5-dichloro-3, 
6-dibromo- and 4.5-dibromo-3,6-dichlorophen-1,2- 
ylene. 

17. Congeneric compounds as claimed in claim 1, 
wherein the phenyl radical A is selected from the group 
consisting of 2.3-, 2,4-, 2.5-, 2,6-, 3,4- and 3.5-difluorophe 
nyl radicals and chlorinated and/or brominated 2.3-, 2,4-, 
2.5-, 2,6-, 3,4- and 3,5-difluorophenyl radicals. 

18. Congeneric compounds as claimed in claim 1, 
wherein the phenyl radical A is selected from the group 
consisting of 3,4-, 3.5-, 3.6- and 4.5-difluorophen-1,2-ylene 
radicals and chlorinated and/or brominated 3,4-, 3,5-, 3,6- 
and 4.5-difluorophen-1,2-ylene radicals. 

19. Congeneric compounds as claimed in claim 1, 
wherein they are selected from the group consisting of: 

4'-fluoro-2.3',4-tribromodiphenyl ether, 
4'-fluoro-2.3',6-tribromodiphenyl ether, 
4'-fluoro-2.3',4,6-tetrabromodiphenyl ether, 
4'-fluoro-2,3,3',4,5,6-hexabromodiphenyl ether, 

3'-fluoro-2,4,4-trichlorobiphenyl and 

4-methyl-2.2".5,6-tetrachloro-3'-fluorodiphenylmethane, 

1-fluoro-2,3,7,8-tetrachlorodibenzo-p-dioxin, 

2-fluoro-1,4,6,9-tetrachlorodibenzo-p-dioxin, 

4-fluoro-1,3,6,7,8,9-hexachlorodibenzofuran, 

3,3'-dibromo-4,4'-difluorodiphenyliodonium chloride, 

4,4'-dichloro-3,3',5,5'-tetrafluorodiphenyliodonium chlo 
ride, 

2',3,3,4,5,5'6,6'-octabromo-2,4'-difluorodiphenyl ether, 
4-methyl-2.2".5,6-tetrachloro-3,3'-difluorodiphenyl 

methane, 

1,2,3,7,8,9-hexachloro-4,6-difluorodibenzofuran and 
1,2,3,7,8,9-hexachloro-4,6-difluorodibenzo-p-dioxin. 
20. A process for preparing congeneric, chlorinated, bro 

minated and/or iodinated fluorinated aromatic compounds I. 
IV or V having two benzene rings in their base structure as 
claimed in claim 1, wherein 
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(1) a symmetrical difluorinated or tetrafluorinated iodo 
nium salt of the general formula (VIII): 

where the index and the variables are each defined as 
follows: 

(VIII) 

t is 1 or 2, 

n is 0 or an integer from 1 to 4. 

q is an integer from 1 to 4, 

X is chlorine, bromine and/or iodine and 

Y is an acid anion; 

is reacted with a chlorinated, brominated and/or iodi 
nated phenol of the general formula (IX): 

9 OH, 
(IX) 

where the index m=0 or an integer from 1 to 5 and the 
variable X is as defined above; 

with the provisos that m=an integer from 1 to 5 when 
n=0; or, alternatively, 

(2) a symmetrical unfluorinated diphenyliodonium salt of 
the general formula (X): 

(X) 

where the variables X and Y and the indices mand q are 
each as defined above; 

is reacted with a monofluorinated or difluorinated phe 
nol of the general formula (XI): 

(XI) 

OH, 

where the index n and the variable X are each as 
defined above and the index t=1 or 2: 
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with the provisos that m=an integer from 1 to 5 when 
n=0, and n=an integer from 1 to 4 when m=0. 

21. A process for preparing congeneric, chlorinated, bro 
minated and/or iodinated, fluorinated aromatic compounds 
of the general formula I, II or IV to VII having two benzene 
rings in their base structure as claimed in claim 1, wherein 

(1) a chlorinated, brominated and/or iodinated aromatic 
compound having two benzene rings in its base struc 
ture of the general formula XII or XIII: 

(XII) 
Bl-(L)-B or 

(XIII) 
(L)p 

N/ 

where the variables B, B and L and the index p are 
each as defined above, with the proviso that at least 
one of the phenyl radicals B or B is chlorinated, 
brominated and/or iodinated; is monofluorinated or 
difluorinated, or, alternatively, 

(2) a monofluorinated or difluorinated, aromatic com 
pound having two benzene rings in its base structure of 
the general formulae XIV to XIX: 

Al-(L)-B', (XIV) 

Al-(L)-A', (XV) 

A-(L)-B', (XVI) 

(L) (XVII) 
p 

2 Y. 
N/ 
(L) (XVIII) 

p 

A Y.: O 
/ 

(L) (XIX) 
p 

4 Y. 
N/ 

where the indices and the variables are each as defined 
above, with the proviso that the phenyl radicals A' to 
A and B and B are not chlorinated, brominated or 
iodinated, 

is chlorinated, brominated and/or iodinated, or, alter 
natively, 

(3) a chlorinated, brominated and/or iodinated benzene 
derivative is reacted with a brominated and/or iodi 
nated, monofluorinated or difluorinated benzene or 
alkylbenzene or a brominated and/or iodinated, chlo 
rinated, monofluorinated or difluorinated benzene or 
alkylbenzene, or, alternatively, 
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(4) a chlorinated, brominated and/or iodinated, monoflu 
orinated or difluorinated benzene derivative is reacted 
with a brominated and/or iodinated benzene or alkyl 
benzene or a brominated and/or iodinated, chlorinated 
benzene or alkylbenzene. 

22. The process as claimed in claim 21, wherein the 
benzene derivative is a benzene boric acid. 

23. A process for preparing congeneric, chlorinated, bro 
minated and/or iodinated, difluorinated or tetrafluorinated 
diphenyliodonium salts of the general formula III as claimed 
in claim 1, wherein a chlorinated, brominated and/or iodi 
nated, monofluorinated or difluorinated benzene is reacted 
with iodyl sulfate. 

24. The use of the congeneric, chlorinated, brominated 
and/or iodinated monofluorinated compounds of the general 
formula I, II or IV to VII as claimed in claim 1 and of a 
congeneric, chlorinated, brominated and/or iodinated, 
monofluorinated compounds having two benzene rings in 
their base structure of the general formula I, II or IV to VII 
prepared by a process wherein, 

(1) a symmetrical difluorinated or tetrafluorinated iodo 
nium salt of the general formula (VIII): 

CO-O.)" 
where the index and the variables are each defined as 

follows: 

(VIII) 

t is 1 or 2, 
n is 0 or an integer from 1 to 4. 
q is an integer from 1 to 4, 
X is chlorine, bromine and/or iodine and 
Y is an acid anion; 

is reacted with a chlorinated, brominated and/or iodi 
nated phenol of the general formula (IX): 

9 OH, 
(IX) 

where the index m=0 or an integer from 1 to 5 and the 
variable X is as defined above; 

with the provisos that m=an integer from 1 to 5 when 
n=0; or, alternatively, 
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(2) a symmetrical unfluorinated diphenyliodonium salt of 
the general formula (X): 

(X) 

where the variables X and Y and the indices mand q are 
each as defined above; 

is reacted with a monofluorinated or difluorinated phe 
nol of the general formula (XI): 

(XI) 
F. 

( OH, 

where the index n and the variable X are each as 
defined above and the index t=1 or 2: 

with the provisos that m=an integer from 1 to 5 when 
n=0, and n=an integer from 1 to 4 when m=0. 

25. The use as claimed in claim 24, wherein the conge 
neric, chlorinated, brominated and/or iodinated, monoflu 
orinated compounds of the general formula I, II or IV to VII 
are used in the analysis of halogenated organic compounds. 

26. The use as claimed in claim 25, wherein the com 
pounds of the general formula I, II or IV to VII are used 

as internal standards or Surrogate standards which, 
together with their parent compounds, pass through 
physical, chemical and/or biological processes and are 
then detected and/or analyzed together with them or 
separately from them, 

as external standards which, in place of their parent 
compounds, pass through physical, chemical and/or 
biological processes for the purposes of calibrating 
these processes and are analyzed and/or detected sepa 
rately from the parent compounds, and/or 

as model compounds which, in place of their parent 
compounds, pass through chemical and/or biological 
processes for the purposes of elucidating the reaction 
mechanisms and whose reaction products are detected 
and/or analyzed. 

27. The use as claimed in claim 26, wherein the parent 
compounds are congeneric, chlorinated, brominated and/or 
iodinated diphenyl ethers, biphenyls, diphenylmethanes, 
dibenzo-p-dioxins and dibenzofurans. 

k k k k k 


