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Foreword

This report describes a project carried out by researchers from the National Food Institute,
Technical University of Denmark (DTU).

Preliminary structural grouping of 67 brominated flame retardants and a preliminary category
approach for the purpose of endpoint-specific read-across for a selected group of brominated flame
retardants has been performed in the project.

The project steering group members were, besides the authors from the DTU, Grete Lottrup Lotus,
Dorte Lerche Bjerregaard, Magnus Lgfstedt and Elisabeth Paludan from the Danish Environmental

Protection Agency (EPA).

The project was financed by the Danish EPA.
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Conclusion and Summary

The aim of this project was to attempt grouping of a number of identified brominated flame
retardants (BFRs) found in a survey performed in 2014 for the Danish Environmental Protection
Agency (Danish EPA 2014). The grouping was performed for 67 brominated flame retardants based
on their chemical structures and resulted in 15 preliminary structural groups and 7 substances
remaining as “singletons”. (Q)SAR predictions for a number of environmental and health effects
within these initial groups were generated and investigated.

One of the groups; small linear and branched brominated alkyl alcohols, was chosen for further
investigation. The category, defined as having 3-5 carbons, 2-3 bromine atoms and 1-2 alcohol
groups comprised 61 members.

(Q)SAR predictions were performed for the members of the category. Predictions for carcinogenic
and mutagenic/genotoxic properties indicated that the 61 members in the category of small linear
and branched brominated alkyl alcohols have a carcinogenic potential with a possible
mutagenic/genotoxic mode of action. The estimated specificities of the applied (Q)SAR models as
established by leave-many-out cross-validations are between 85.9% and 95.1%, i.e. the overall false
positive rates of the models are around 5%- 14%. From the identified alerts in a number of OECD
(Q)SAR Application Toolbox profilers, there was one alert which was identified in all 61 category
members, namely the “Aliphatic halogen” alert in the three ISS (Istituto Superiore di Sanita, Rome
Italy) profilers for in vitro mutagenicity (Ames test), in vivo mutagenicity (Micronucleus, in rats
and mice) and carcinogenicity (genotoxic and non-genotoxic). From the explanation of the alert
contained in the OECD (Q)SAR Application Toolbox there does not seem to be one single
mechanistic interpretation of the ISS aliphatic halogen alert in relation to mutagenicity and cancer.
The “Aliphatic halogen” alert identified 34% false positives among the mutagenicity training set
chemicals (Kazius et al. 2005). According to Benigni et al. (2008 and 2010) it has a positive
predictivity (proportion of substances with the alert that are true positive) for carcinogenicity of
74%.

A literature search was performed to collect experimental data on human health effects for the 25
category members with a CAS RN assigned. Relevant experimental data on human health effects
were only retrieved for two of the category members identified in the preliminary structural group,
i.e. 2,3-dibromo-1-propanol (2,3-DBPA) and 2,2-bis(bromomethyl)-1,3-propanediol (DBNPG). For
a third category member identified in the preliminary structural group, i.e. 2,2-bis-(bromomethyl)-
3-bromo-1-propanol (TBNPA), relevant experimental data on human health effects were retrieved
from the REACH registration dossier.

The critical effect of these three members of the category with relevant experimental data on human
health effects is the multiple-organ carcinogenic effect, most probably exerted by a genotoxic mode
of action either by the parent compound itself (2,3-DBPA) or by a metabolite of the parent
compound (DBNPG and TBNPA). Furthermore, 1,3-dibromo-2-propanol (1,3-DBPA), a REACH
pre-registered compound for which no experimental data on human health effects were retrieved,
has a notified classification for a possible carcinogenic potential (Carc. 2 H351).

Possible read-across for the critical effect from the three category members with experimental data

and the one member with a classification for the identified critical effect to the remaining 57
structurally similar target analogues in the category is supported by the following observations:
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a) The experimental data show comparable toxicological effects for the three members of the
category identified in the preliminary structural group (2,3-DBPA, DBNPG and TBNPA),
i.e. carcinogenic and mutagenic/genotoxic effects.

b) The classifications (harmonized or notified) as Muta. 1B H340 / Muta. 2 H341 and/or
Carc. 1B H350 / Carc. 2 H351 for these three members and for 1,3-DBPA.

¢) The (Q)SAR predictions for carcinogenic and mutagenic/genotoxic properties indicate that
the 61 category members have a carcinogenic potential with a possible
mutagenic/genotoxic mode of action. The structural alerts identified in the OECD (Q)SAR
Application Toolbox indicate that all members share the same genotoxic/mutagenic mode
of action with some variations in their possible mechanisms of action. Some alerts were
identified in many or all of the members and/or their metabolites pointing to possible
common mechanism(s) of action (e.g. metabolic activation to reactive carbonyl
compounds and aldehyde Schiff base formation of DNA adducts and cross-links).

As there is only experimental information for a small number of the members, an even more robust
basis for read-across for the category could be pursued by 1) searching the literature for information
on carcinogenicity and mutagenicity/genotoxicity on structural analogues outside, but structurally
close to the category, 2) experimental testing for mutagenicity/genotoxicity on representative
members across the category, as well as 3) further analysis of the underlying mechanisms of action.

Other brominated flame retardants that are metabolised to one of the 61 brominated flame
retardants in the category of small linear and branched alkyl alcohols may equally likely as these
members themselves possess the critical effect, i.e. the carcinogenic effect, most probably exerted by
a mutagenic/genotoxic mode of action.

Category approach for selected brominated flame retardants
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Konklusion og sammenfatning

Formalet med dette projekt var at forsgge at gruppere et antal bromerede flammehammere, som
blev identificeret i en undersggelse foretaget i 2014 for Miljgstyrelsen (Danish EPA 2014).
Grupperingen blev foretaget for 67 bromerede flammehammere baseret pa deres kemiske
strukturer og resulterede i 15 praeliminare strukturelle grupper og 7 stoffer kategoriseret som
“enkeltstoffer”. Der blev efterfglgende udarbejdet (Q)SAR forudsigelser for en raeekke miljg- og
sundhedseffekter for stofferne i de praelimingre grupper.

En af grupperne; sma linezre og forgrenede bromerede alkylalkoholer, blev udvalgt til yderligere
undersggelse. Kategorien blev defineret som stoffer med 3-5 kulstofatomer, 2-3 bromatomer og 1-2
alkoholgrupper og den bestod af 61 medlemmer.

For alle medlemmer af kategorien blev der foretaget (Q)SAR forudsigelser for en raekke
sundhedsskadelige effekter. Forudsigelser for kraeftfremkaldende og genotoksiske effekter
indikerede, at de 61 medlemmer af kategorien havde et potentiale for kraeftfremkaldende effekt med
en mulig mutagen/genotoksisk virkningsmade. De anvendte (Q)SAR modeller havde ifglge
krydsvalideringsresultater (“leave-many-out”) beregnede specificiteter mellem 85,9% and 95,1%,
dvs. ifglge disse resultater var de overordnede falsk-positive rater omkring 5%- 14%. Ud af de
identificerede strukturelle alerts ved karsler af “profilers” i OECD (Q)SAR Application Toolbox, var
der én alert, som blev identificeret i alle 61 medlemmer af kategorien, nemlig “Aliphatic halogen” i
de tre ISS (Istituto Superiore di Sanita, Rome Italy) profilers for ”in vitro mutagenicity (Ames test)”,
"in vivo mutagenicity (Micronucleus, in rats and mice)” og “carcinogenicity (genotoxic and non-
genotoxic)”. Ud fra forklaringerne i OECD (Q)SAR Application Toolbox’en for denne ISS alifatisk
halogen alert er der tilsyneladende ikke én enkelt mekanistisk fortolkning af alertens relation til den
mutagene og kreeftfremkaldende effekt. Alerten “Aliphatic halogen” identificerede ifglge Kazius et
al. (2005) 34% falsk positive ud af treeningsseettet af mutagene kemiske stoffer. I1fglge Benigni et al.
(2008 and 2010) har alerten en positiv preediktivitet (andel af stoffer med denne alert som er sande
positive) for en kraeftfremkaldende effekt pa 74%.

Der blev foretaget en litteratursggning for at indsamle eksperimentelle data vedragrende
sundhedsskadelige effekter for de 25 kategorimedlemmer med et tildelt CAS registreringsnummer.
Relevante eksperimentelle data blev kun fundet for to kategorimedlemmer fra den preelimingre
strukturelle gruppe, nemlig for 2,3-dibrom-1-propanol (2,3-DBPA) og 2,2-bis(bromomethyl)-1,3-
propandiol (DBNPG). For et tredje kategorimedlem fra den praeliminare strukturelle gruppe, 2,2-
bis-(bromomethyl)-3-brom-1-propanol (TBNPA), blev relevante eksperimentelle data indhentet fra
REACH registreringsdossieret.

Den kritiske effekt for de tre kategorimedlemmer med relevante eksperimentelle data, var en
kreeftfremkaldende effekt i mange vaev og organer, sandsynligvis via en mutagen/genotoksisk
virkningsmade, forarsaget enten af moderstoffet (2,3-DBPA) eller af en metabolit af moderstoffet
(DBNPG og TBNPA). Derudover har 1,3-dibrom-2-propanol (1,3-DBPA), et REACH pree-registreret
kemisk stof for hvilket der ikke blev fundet eksperimentelle data vedrgrende sundhedsskadelige
effekter, en notificeret klassificering for muligt kraeftfremkaldende potentiale (Carc. 2 H351).

Anvendelse af read-across for den kritiske effekt fra de tre kategorimedlemmer med

eksperimentelle data og det ene medlem med en klassificering for den identificerede kritiske effekt
til de resterende 57 strukturelle analoger i kategorien understattes af falgende observationer:
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a) De eksperimentelle data viste sammenlignelige toksiske effekter for de tre
kategorimedlemmer identificeret i den praeliminare strukturelle gruppering (2,3-DBPA,
DBNPG and TBNPA), dvs. kraeftfremkaldende og mutagene/genotoksiske effekter.

b) Kilassificeringerne (harmoniserede eller notificerede) som Muta. 1B H340 / Muta. 2 H341
og/eller Carc. 1B H350 / Carc. 2 H351 for disse tre medlemmer og for 1,3-DBPA.

¢) (Q)SAR forudsigelserne for kraeftfremkaldende og mutagene/genotoksiske egenskaber
indikerer, at de 61 kategorimedlemmer har et kraftfremkaldende potentiale med en mulig
mutagen/genotoksisk virkningsmade. De strukturelle alerts identificeret i OECD (Q)SAR
Application Toolbox’en indikerer, at alle medlemmerne udgver deres effekter ved en
mutagen/genotoksisk virkemade med nogle variationer i deres mulige
virkningsmekanismer. Nogle alerts blev identificeret i mange eller alle medlemmer
og/eller deres metabolitter og peger pa mulige faelles virkningsmekanismer (f.eks.
metabolisk aktivering til reaktive carbonylstoffer og aldehyd Schiff-base-dannelse af DNA
addukter og krydsbinding).

Da der kun er fundet eksperimentelle data for et lille antal af kategorimedlemmerne, ville et mere
robust grundlag for read-across for kategorien kunne understattes ved yderligere information som
for eksempel 1) litteratursggning for eksperimentelle data vedrgrende kreftfremkaldende og
mutagene/genotoksiske effekter for stoffer udenfor men strukturelt set teet pa kategorien, 2)
yderligere testning for mutagene/genotoksiske effekter pa repraesentative kategorimedlemmer, og
3) yderligere analyser vedrgrende virkningsmekanismer.

Andre bromerede flammehammere, som i kroppen nedbrydes til et af de 61 medlemmer i
kategorien af sma bromerede linezre og forgrenede alkylalkoholer, har sandsynligvis samme
potentiale for den kritiske effekt som de 61 kategorimedlemmer, dvs kraftfremkaldende effekt
sandsynligvis via en mutagen/genotoksisk virkningsmade.
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1. Introduction

The aim of this project was to attempt grouping of a number of identified brominated flame
retardants (BFRs) found in a survey performed in 2014 for the Danish Environmental Protection
Agency (Danish EPA 2014). The grouping was performed on the basis of the chemical structures,
and trends in (Q)SAR predictions for a number of environmental and health effects within the
structural groups were investigated.

From the initial groups, one was chosen and further defined and investigated as a category . All
theoretical members of the category were considered in terms of both experimental (where CAS
RNs could be identified) and predicted information. It was assessed if a critical health effect seemed
to exist based on the available information. Experimental information was available for only three
of the category members. A preliminary category approach to perform read across for the identified
critical effect from the members with experimental information to the members without
experimental information was performed.

With this project the Danish EPA wished to explore the possibility to address BFRs by a grouping
approach rather than as individual substances, as there are many BFRs with similar chemical
structures and as the regulation of individual substances may be very time demanding. Addressing
groups of BFRs in relation to regulation is not new. Polybrominated diphenyl ethers (PBDESs) and
polybrominated biphenyls (PBBs), both having 209 theoretically possible congeners, are treated as
groups in the RoHS Directive (EU 2011), where there in the homogeneous materials in electric and
electronic equipment must be no more than 0.1% in total of either PBDEs or PBBs. Some theoretical
members of the chosen group in this project may not currently be on the market or even
synthesized. However, they are relevant to include as they could potentially be used in the future to
substitute the analogues currently in use.

In the following short introductions to non-testing data, (Q)SAR, grouping and read-across are
given. The text builds to a large extent on the REACH guidance chapter R.6, where further
information can be found (European Chemicals Agency 2008).

1.1 Non-testing data
Non-test methods are non-experimental methods or approaches that can be used to provide data
for the assessment of chemicals. Non-testing data can be generated by three main approaches:

a) (quantitative) structure-activity relationships, (Q)SARs

b) grouping approaches, which include structure analogues and formation of chemical
categories for possible read-across

c) expertsystems

The development and application of all kinds of non-testing methods is based on the similarity
principle, i.e. the hypothesis that similar compounds should have similar biological activities.

Expert systems are compilations of models consisting of combinations of SARs, QSARs and

databases and will not be described further in this report, as they were not applied in the project.
(Q)SARs, grouping and read-across is further described in the following.
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1.2 (Q)SAR

SARs and QSARs, collectively referred to as (Q)SARs, are theoretical models that can be used to
predict in a qualitative or quantitative manner the physical-chemical, biological (e.g. toxicological)
and environmental fate properties of compounds from knowledge of their chemical structure. The
two terms can be defined as follows:

A SAR is a qualitative relationship that relates a chemical (sub)structure (“alert”) to the presence or
absence of a property or activity of interest. The substructure may consist of adjacently bonded
atoms, or an arrangement of non-bonded atoms that are collectively associated with the property or
activity. Generally, no applicability domain (AD, see below) is defined for SARs.

A QSAR is a mathematical model (often a statistical correlation) relating one or more quantitative
parameters (molecular descriptors) derived from the chemical structure to a quantitative measure
of a property or activity. QSARs are quantitative models yielding a continuous or categorical result.
Generally, QSARs are associated with a defined AD.

The AD is the physicochemical, structural, or biological space of the training set on which the model
was developed, and for which it is applicable to make predictions for new compounds. The AD
should be described in terms of the most relevant parameters, i.e. usually those that are descriptors
of the model. Ideally, the model should only be used to make predictions within that domain by
interpolation and not extrapolation. The accuracy of a model is determined within the defined AD,
i.e. amodel can have more than one AD definition, with each their accuracy level. The accuracy is
determined by robust leave-many-out cross-validation and if possible with external validations with
a data set representative of the full AD.

1.3 Grouping and read-across
Category and analogue approaches are techniques for grouping chemicals. Read-across is a
technique of filling data gaps in either approach.

The term analogue approach is used when the grouping is based on a very limited number of
chemicals, where trends in properties are not apparent.

A chemical category is a set of chemicals whose physical-chemical and human health and/or
environmental toxicological properties and/or environmental fate properties are likely to be similar
or follow a regular pattern as a result of structural similarity (or other similarity characteristic).

Grouping is performed on the basis of chemical structure similarity and possible knowledge of
properties in relation to the endpoint(s) of interest. (Q)SAR predictions can be included in relation
to the latter. The (Q)SAR information can be employed to predict trends as well as breakpoints in
trends, and therefore possible subcategories. As far as possible, the predictions and trends
established by (Q)SAR methods should be verified by comparison with experimental data.

Experimental and predicted information for the category members are collected and analysed to
identify possible common behaviour or consistent trends. If present, they are generally associated
with a common underlying mechanism of action, or a mechanism of action that exhibits intensity
changes in a consistent manner across the different members of a category. When identified, the
common behaviour or consistent trends can form basis to make read-across from some category
members with experimental data (“source substances”) to others that lacks data for an endpoint
(“target substances”), if the overall data set allows the estimation of the hazard for the missing data
points. If so, it is possible to extend the use of measured data to similar untested chemicals.

Knowledge of the expected effect(s) of the category together with information on use and exposure
can help in deciding not only whether additional testing of relevance to the predicted effect(s) is

Category approach for selected brominated flame retardants
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needed, but also the nature and scope of any testing that needs to be carried out. A category test
plan can be designed to provide information to characterize the group as a whole rather than to fill
every data point for every chemical in the category. This reflects an approach that is more efficient
from a testing perspective than test plans for obtaining data on individual chemicals of commercial
interest.

1.4 Preliminary structural grouping of BFRs

In this project it was investigated how a number of BFRs identified in the survey for the Danish EPA
could be grouped dependent on their chemical structure. Within the initial structural groups,
possible trends in (Q)SAR predictions for a large number of environmental and health effects were
used to make further endpoint-area specific groupings. Furthermore, it was mapped which of the
substances had US EPA ToxCast™ and Tox21 in vitro experimental results or were REACH
registered to give indications of availability of experimental data for members of the initial
structural groups. One group was chosen for further work to explore a possible category approach.

1.5 Category hypothesis and (Q)SAR predictions for a selected BFR
group

A working definition of the chosen category was made and all theoretical structural members were

identified and predicted by existing (Q)SAR models for relevant health related endpoints. The

applicability domains for the most relevant models in relation to the members of the category were

mapped to see how well they covered the span of the category members.

1.6 Evaluation of experimental data and identification of critical effect
For all the structural members of the chosen category possible CAS numbers were identified. A
literature search in the scientific literature was performed for all the individual members of the
group with identified CAS numbers to gather possible experimental information of relevance in
relation to a number of health endpoints. The focus of the literature search was to identify a critical
health effect, if possible.

1.7 Preliminary category justification and perspectives

Based on the (Q)SAR analysis and evaluation of available experimental data for a possible critical
effect, a preliminary justification to do read-across for the critical effect in a category approach was
attempted.
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2. Preliminary structural
grouping of BFRs

2.1 Data preparation

In the Danish Environmental Protection Agency, Environmental Project No. 1536, 2014 “Survey of
brominated flame retardants” Table 1 contains BFRs which are either pre-registered under REACH
or imported/produced by EU manufacturers. In total, the table contains 65 substances. The
substances in Table 1 of the survey are the primary focus of this project. However, a number of
additional structures were included to get a broader picture of brominated flame retardants used
worldwide and to support the grouping and possible development of meaningful categories. Hence,
BFRs listed in Table 2 from the survey report were also included. Table 2 contains 14 BFRs, which
were identified in the survey, but which are not pre-registered or registered under REACH but
rather manufactured outside the EU. Furthermore, a quick search for BFRs on the Internet and
collection of CAS numbers from different sites returned 6 additional BFRs (Fujitsu 2015) not
covered by Table 1 or 2 of the survey. These were also included. In total these three sources gave a
brutto list of 85 substances.

Structure information in the form of SMILES! was retrieved from ChemIDplus or ChemSpider.
When information could not be found in these sources, the CAS number was searched in SciFinder,
which links to the Chemical Abstracts Service (“CAS”). SMILES cannot be retrieved directly from
SciFinder so in five cases the SMILES notations were generated by hand. All the SMILES notations
were checked to see if the EPI Suite program could read them and if the program displayed the
correct 2D structures. In a few cases where this was not achieved in the EPI Suite program, the
SMILES notations were edited manually.

Of the 65 substances in Table 1 of the survey report a total of 48 were included in the project
exercise as only aromatic, cycloaliphatic and aliphatic BFRs with a defined chemical structure were
included. The reason was that inorganic substances and polymers cannot be subject to the (Q)SAR
model systems applied. Furthermore, structure information should be available in order to make
(Q)SAR predictions.

The remaining 17 substances in the survey report Table 1 were either confidential (7 substances, i.e.
no structure information), polymers (9 substances: CAS RN 148993-99-1, 158725-44-1, 59447-57-3,
68441-62-3, 68928-70-1, 71342-77-3, 88497-56-7, 94334-64-2, 1195978-93-8) or the chemical
structure could not be retrieved as it was not unambiguous and a representative SMILES could not
be found (1 substance, CAS RN 135229-48-0). However, 5 of the 48 included substances lacked an
unambiguously defined 2D chemical structure according to SciFinder (CAS RNs 155613-93-7,
25637-99-4, 32534-81-9, 32536-52-0, 36355-01-8), but for each of these substances a
representative SMILES was included in the exercise.

L A prerequisite for making predictions with (Q)SAR software is that structural information in the format of e.g. SMILES strings
is available for the substances that should be predicted. The Simplified Molecular-Input Line-Entry System (SMILES) is a
specification in form of a line notation for describing the structure of chemical species using short text strings.
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Of the 14 substances in the survey report Table 2 a total of 13 were included. The remaining
substance (CAS RN 168434-45-5) did not have an unambiguous chemical structure and a
representative SMILES was not included.

Furthermore, as mentioned above, 6 additional BFRs were included.

This gave a final ‘start list’ with 67 substances as listed in Table 1 below. The list including
information about the source of the substance, possible REACH registration and inclusion in
ToxCast/Tox21 etc. is given in Appendix 1. In Appendix 2 the 2D structures of the substances are
given together with predictions of bioavailability (Lipinski’s rule-of-five) and a few physical-
chemical properties.

1084889-51- | Octabromotrimethyl- phenyl indane OBTMPI
9
1163-19-5 Bis(pentabromophenyl) ether decaBDE
118-79-6 2,4,6-Tribromophenol TBP
126-72-7 tris(2,3-dibromopropyl) phosphate TDBPP
13654-09-6 Decabromo-1,1'-biphenyl DecaBB
1522-92-5 Tribromoneopentyl alcohol [same substance as CAS RN 36483- | TBNPA
57-5]
155613-93-7 1H-Indene, 2,3-dihydro -1,1,3-trimethyl-3-phenyl-, octabromo OBTMPI
deriv
183658-27-7 | 2-ethylhexyl-2,3,4,5- tetrabromobenzoate EH-TBB
19186-97-1 Tri[3-bromo-2,2- bis(bromomethyl)propyl]phosphate. TTBNPP
20566-35-2 2-(2-Hydroxyethoxy)ethyl 2- hydroxypropyl 3,4,5,6- HEEHP-
tetrabromophthalate TEBP
21850-44-2 1,1'-(Isopropylidene) bis[3,5- dibromo-4-(2,3- TBBPA-
dibromopropoxy)benzene] BDBPE
23488-38-2 2,3,5,6-Tetrabromo-p- xylene TBX
25327-89-3 1,1'-1sopropylidenebis[4- (allyloxy)-3,5- dibromobenzene] TBBPA- bAE
25495-98-1 Hexabromocyclodecane HBCYD
25637-99-4 Hexabromocyclododecane HBCDD
25713-60-4 1,3,5-Triazine, 2,4,6- tris(2,4,6- tribromophenoxy)- TTBP-TAZ
26040-51-7 Bis(2-ethylhexyl) tetrabromophthalate BEH-TEBP
26762-91-4 Tribromo-phenyl-allyl-ether, unspecified AO-TBB2
3072-84-2 2,2'-[(1- Methylethylidene)bis[(2,6- dibromo-4,1-phenyle- le- TBBPA- BGE
ne)oxymethylene]]bisoxiran e
31780-26-4 Dibromostyrene DBS
3194-55-6 1,2,5,6,9,10- Hexabromocyclododecane HBCDD
3194-57-8 Cyclooctane, 1,2,5,6- tetrabromo TBCO
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3234-02-4 2,3-Dibromo-2-butene-1,4-diol DBBD1
32534-81-9 Diphenyl ether, pentabromo derivative pentaBDE
32536-52-0 Diphenyl ether, octabromo derivative octaBDE
32588-76-4 N,N'-ethylenebis(3,4,5,6- tetrabromophthalimide) EBTEBPI
3278-89-5 2-(allyloxy)-1,3,5-tribromobenzene TBP-AE
3296-90-0 2,2- bis(bromomethyl)propane-1,3-diol DBNPG
3322-93-8 1,2-Dibromo-4-(1,2- dibromoethyl)cyclohexane DBE- DBCH
33798-02-6 4,4'-isopropylidenebis[2,6- dibromophenyl] diacetate TBBPA-bOAc
34571-16-9 1,2,3,4,7,7-Hexachloro-5- (tetrabromo- HCTBPH
phenyl)bicyclo[2.2.1]hept-2- ene
35109-60-5 1,3,5-tribromo-2-(2,3- dibromopropoxy)benzene DPTE
3555-11-1 Allyl pentabromophenyl ether PBPAE
36355-01-8 Hexabromo-1,1'-biphenyl HexaBB
36483-57-5 2,2-dimethylpropan-1-ol, tribromo derivative TBNPA
37419-42-4 Phenol, 4,4’-(1- methylethyli- dene)bis[2,6dibromo-, TBBPA-BP
dipropanoate (9ClI)
37853-59-1 1,1'-[ethane-1,2- diylbisoxy]bis[2,4,6- tribromobenzene] BTBPE
37853-61-5 Benzene, 1,1’-(1- methylethylidene) bis[3,5-dibromo-4-methoxy | TBBPA-BME
38521-51-6 Benzene, 1,2,3,4,5- pentabromo6- (bromomethyl) PBBB
39569-21-6 Benzene, 1,2,3,4- tetrabromo-5-chloro-6- methyl- TBCT
39635-79-5 4,4'-sulphonylbis[2,6- dibromophenol] TBBPS
4162-45-2 4,4'-isopropylidenebis(2- (2,6- dibromophenoxy)ethanol) TBBPA- BHEE
42757-55-1 bis[3,5-dibromo-4-(2,3- dibromopropoxy)phenyl] sulphone TBBPS-
BDBPE
497107-13-8 | Benzene, 1,1’- [oxybis(methylene)]bis [2,3,4,5,6- DBDBE
pentabromo(9Cl)
51936-55-1 7,8-Dibromo-1,2,3,4,11,11- hexachloro-1,4,4a,5,6,7,8,9,10,10a- DBHCTD
decahydro-1,4- methanobenzocyclooctene
52434-90-9 1,3,5-Tris(2,3- dibromopropyl)-1,3,5- triazine-2,4,6(1H,3H,5H)- | TDBP-TAZTO
trione
52907-07-0 Ethylene-bis(5,6-dibromo-norbornane-2,3-dicarboximide) EBDBNDC2
55205-38-4 2-Propenoic acid, 1,1’- [(1-methylethylidene) bis(2,6-dibromo- TBBPA-BA
4,1- phenylene)] ester
55481-60-2 Bis(methyl)tetrabromophtalate BM-TEBP2
57829-89-7 1-(2,3-Dibromopropyl)-3,5-diallyl-1,3,5-triazine- DBP-TAZTO
2,4,6(1H,3H,5H)-trione
58495-09-3 Benzene, 1,2,3,4,5- pentabromo6- (chloromethyl) PBBC
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58965-66-5 1,2,4,5-tetrabromo-3,6- Bis(pentabromophenoxy) benzene 4'-PeBPOB-
DE208
59447-55-1 (Pentabromophenyl)methyl acrylate PBB-Acr
607-99-8 2,4,6,-tribromoanisol TBA
608-71-9 Pentabromophenol PBP
615-58-7 2,4-dibromophenol DBP
632-79-1 Tetrabromophthalic anhydride TEBP-Anh
66710-97-2 2-Propenoic acid, 1,1’[(1- methylethylidene)bis[(2,6- dibromo- TBBPA-
4,1phenylene)oxy-2,1-ethanediyl]] ester BHEEBA
70156-79-5 Benzene, 1,1’- sulfonylbis[3,5-dibromo-4-methoxy TBPPS-BME
75790-69-1 TBPA, glycol-and propylene-oxide esters TBPA-esters2
75795-16-3 1,3-Bis(2,3- dibromopropyl)-5-allyl-1,3,5-triazine- BDBP-TAZTO
2,4,6(1H,3H,5H)-trione
79-94-7 2,2',6,6'-Tetrabromo-4,4'- isopropylidenediphenol TBBPA
84852-53-9 1,1'-(Ethane-1,2- diyl)bis[pentabromobenzene] DBDPE
85-22-3 2,3,4,5,6- Pentabromoethylbenzene PBEB
87-82-1 Hexabromobenzene HBB
87-83-2 2,3,4,5,6- Pentabromotoluene PBT
96-13-9 2,3-Dibromo-1-propanol 2,3-DBPA2

TABLE 1 THE 67 BFRS INCLUDED

2.2 (Q)SAR predictions
(Q)SAR models from Leadscope Predictive Data Miner, MultiCASE CASE Ultra, PASS, EPI Suite
and the (Q)SAR Application Toolbox (profilers) were included. The models covered environmental
(persistent, bioaccumulative and toxic: PBT and very persistent and very bioaccumulative: vPvB),
health and mechanistic endpoints (carcinogenicity, genotoxicity, repro-developmental effects,
endocrine activity, skin sensitization, liver toxicity, cardiotoxicity etc.) and a few endpoints for
absorption, distribution, metabolism and excretion (ADME). In total, the 67 substances were
predicted in >150 (Q)SAR models. To assigh PBT and vPvB flags the thresholds applied in the
REACH Guidance on Information Requirements and Chemical Safety Assessment R.11 PBT_vPvB
assessment (European Chemicals Agency 2014, Tyle et al. 2002) were applied on the basis of
predictions of biodegradation (Biowin 2 or 6 showed not ready/readily biodegradable and Biowin 3
< 2.2 meaning ultimate biodegradation in weeks to months), and BCF (B: >2000 and vB: >5000)
from EPI Suite and acute aquatic toxicity from DTU models for fish, daphnia and algae. A full list of
the included endpoints is given in Appendix 3.

2.3 Retrieval of ToxCast information
The publicly available ToxCast data were downloaded from the United States Environmental
Protection Agency (US-EPA) homepage (ToxCastTM Data 2015). The data is organized into
different data sets and includes among other things brief descriptions of ToxCast chemicals and
assays, files summarizing the screening results from ToxCast (high-throughput data from ~1,800
chemicals), and EPA’s analysis of the chemicals screened through the federal Toxicity Testing in the
21st century (Tox21) partnership and archived ToxCast data from older data releases and
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publications. The information from ToxCast and Tox21 was used both in the preliminary structural
grouping of all BFRs and to support the choice of the selected group and the critical effect.

ToxCast data

Summary files with data for more than 1,800 chemicals and 821 assay endpoints for 20 variables
such as the activity or hit call, activity concentrations etc. were downloaded. The following file was
used: AllResults_hitc_Matrix_141121.csv. Six of the 67 substances from Appendix 1 were identified
in the file (CAS RN 118-79-6, 126-72-7, 26040-51-7, 3194-55-6, 79-94-7, 3296-90-0). They are
marked in the column “ToxCast” in Appendix 1.

Tox21 data

EPA's analysis of the chemicals screened through the federal Toxicity Testing in the 21st century
(Tox21) which includes EPA’s activity calls from the screening of 8,599 Tox21 unique substances in
the robotic screening was downloaded. The following file was used:

ToxCast_Tox21 Level5&6_20141022.csv. Twenty of the 67 substances from Appendix 1 were
identified in the file (CAS RNs 118-79-6, 126-72-7, 25327-89-3, 26040-51-7, 3194-55-6, 32534-81-9,
32536-52-0, 3278-89-5, 3322-93-8, 4162-45-2, 608-71-9, 79-94-7, 85-22-3, 87-82-1, 1522-92-5,
3234-02-4, 96-13-9, 21850-44-2, 3296-90-0, 632-79-1). They are marked in the column “Tox21” in
Appendix 1.

2.4 Grouping

Leadscope is a predictive data-mining tool for exploring and filtering chemical data sets based on
both structural features and associated data. This software contains a predefined library of over
27,000 chemical functional groups (medicinal chemistry building blocks), which can be applied in
the analysis of structural similarities within data sets and to perform grouping.

All the generated (Q)SAR predictions and identified training set data, when available, for the 67
substances were imported into the Leadscope program. Only (Q)SAR predictions which were inside
the defined applicability domains of the models were imported. Also imported into Leadscope were
the ToxCast data for 6 substances and Tox21 data for 20 substances.

The 67 substances were upon import organized by Leadscope based on the internal library of
chemical structural features. This structural organization on top level 1 and 2 in Leadscope is shown
in Figure 1. The length of the bars indicates the frequency of a structural feature on a logarithmic
scale from 1 to 100. A structure can have more than one structural feature.
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FIGURE 1 STRUCTURAL GROUPING OF THE 67 BFRs ON TOP LEVEL 1 AND 2 IN LEADSCOPE

The program was applied to analyse and attempt possible groupings, denoted as “clusterings” in
Leadscope, based on structural similarity alone or including (Q)SAR predictions. Clusterings based
on information from ToxCast/Tox21 experimental data did not result in meaningful groups, likely
because of the vast amount of information for only a limited part of the 67 substances.

2.5 Identified groups from the preliminary structural grouping
Leadscope clustering based solely on chemical structure resulted in 15 groups, in Leadscope
denoted as clusters, which covered 60 out of the 67 structures2. The last 7 structures are denoted
‘singletons’ in Leadscope, meaning that they did not cluster/group together with any of the other
structures in the set (see section 2.5.1-2.5.16).

The ID numbers of the structures presented are the CAS numbers prepended by a short
abbreviation which shows the origin of the substance. ‘Brl_’ denotes that the survey report Table 1
was the origin of the substance. ‘BriR_’ likewise denotes that the survey report Table 1 was the
origin of the substances and furthermore that it was marked as solely reactive flame retardant (‘R’).

2The settings applied for the structural clustering in Leadscope were as follows. Analysis type: Similarity of
structural features, hierarchical (agglomerative nesting) cluster method, cluster described by signature
(substructure representative of the cluster), average linkage mechanism, cluster threshold distance: 0.5.
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‘Br2_" denotes that the survey report Table 2 was the origin of the substance. ‘Br3_’ denotes the 6
additional substances as marked in Appendix 1 with source “3”.

The structure signatures are the substructures that Leadscope chose to build the group around.
These signatures, or representative substructures, are marked with purple in the members of the
group. In some cases a member did not contain the substructure but was allocated to the group
because of high structural similarity.

All the substances included in initial structural groups were checked to see if they were among the
ToxCast/Tox21 substances and thereby had experimental in vitro data. Six substances were found
to be in ToxCast and 20 substances were found to be in Tox21 (overlapping the 6 ToxCast
substances). The ToxCast/Tox21 results were used in the considerations of the choice of a group for
further work into a possible category.

To give a quick indication of whether further experimental information might be available for the
members of the clusters it was noted if they were registered under REACH. In the selection of a
group for a possible category approach, preference was given to groups where REACH registrations
were made for at least two members, as this indicated possible experimental information, which is
important to have for a representative number of the members to be able to find possible trends in
the critical effect and to perform read-across for the full group. For groups without at least two
REACH registered members there may possibly be experimental information in the scientific
literature, but a literature search was not made at this stage of the project.

To give rough indications of the possible relevance of the different groups in relation to a number of
effect areas, (Q)SAR predictions-based clusterings were performed in Leadscopes. The individual
clusterings were in each case performed for the full set of 67 substances based on (Q)SAR
predictions for carcinogenicity, genotoxicity, reproductive toxicity effects, endocrine activity and
skin sensitization. Each (Q)SAR predictions-based clustering produced its own set of clusters. The
resulting (Q)SAR-based clusterings for the different effect areas are given in Appendix 4, and
referred to in the tables in section 2.5.1-2.5.16.

A number of models were included within each effect area. For example for carcinogenicity, the
predictions included were from seven commercial CASE Ultra FDA models (male rat, female rat,
male mouse, female mouse, rat, mouse, and rodent) and OECD (Q)SAR Application Toolbox
carcinogenicity relevant profilings (Oncologic primary classification and ISS carcinogenicity alerts).

The Toolbox profilers were run on the parent compounds (i.e. known and simulated metabolites
were not included because of feasibility) and in order to be able to perform clustering on the results,
the identified alerts were “binarized”, meaning that every possible positive alert outcome was split
out as a separate yes/no prediction. The derived Toolbox (TB) fields with individual numbers are
given in Appendix 4.

For each structural group it was investigated if the members of the group belong to the same
(Q)SAR predictions-based clusters. Some of the resulting (Q)SAR predictions-based clusters within
the different effect areas are chemically quite big and broad. This may not be surprising, since
different molecular structures may for example have similarities in their predicted genotoxicity
profiles because of common or similar alerts in the applied models even though they have chemical
differences.

3 The settings applied for the (Q)SAR-based clusterings in Leadscope were as follows. Analysis type: Similarity of
data, hierarchical (agglomerative nesting) cluster method, cluster described by signature (substructure
representative of the cluster), average linkage mechanism, cluster threshold distance: 0.5.
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For each group presented in section 2.5.1-2.5.16, results in relation to the different (Q)SAR-based
clusters are presented. Furthermore, possible positive (Q)SAR indications for the group as a whole
are given in brief. More detailed inspections of the (Q)SAR predictions and the ToxCast/Tox21
results for the individual substances were done for a number of groups, which were considered as
candidates for a possible category approach, but this is not presented here.

It should be bared in mind that a category hypothesis is endpoint specific, and in theory a given
category may be relevant for read-across in relation to one effect and not others. When looking at
how the chemical structures group in the rough (Q)SAR predictions-based cluster outputs, it is also
very important to remember that not all 67 substances were within the applicability domain (AD) of
all the applied (Q)SAR models. So the observed differences between the clusters within the different
effect areas for a given structural group could either be due to differences in predictions (within
AD), or differences in relation to whether the individual structures were within the ADs of the
models, or both.

2.5.1 Group 1 (Aromatic substances)

Structure signature

Br

Br Br
Br
Cluster 1

Br

Br Br Br Br Br Br Br Br
Br Br Br Br Br Br

Br Br

Br Br

Br
Brl_85-22-3 Brl 87-82-1 | Brl_87-83-2 Brl_23488-38-2
Br Br

Br Br
< -
Cl Br Br Br Br
Br
Br Br Br Br O’ Br
Br
Br O Br

Br Br

Brl_39569-21-6 Brl_84852-53-9 Brl_155613-93-7
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Br

Br. Br

Br

Br2_38521-51-6

Br2_58495-09-3

cl Br

Br Br
5L
Br

Br2_1084889-51-9

Br

Abbreviated names for members

85-22-3: PBEB
87-82-1: HBB

87-83-2: PBT
23488-38-2: TBX
39569-21-6: TBCT
84852-53-9: DBDPE
155613-93-7: OBTMPI
38521-51-6: PBBB
58495-09-3: PBBC
1084889-51-9: OBTMPI

Members that are REACH registered

DBDPE

Members that are in ToxCast/Tox21

Tox21: HBB

Members of OECD HPV Chemical

Categories
Members of US-EPA New Chemical Neutral organics: PBEB, HBB, PBT, TBX, TBCT,
Categories PBBB, PBBC

Carcinogenicity (Q)SAR-based clustering

The two OBTMPI structures are in cluster 5,
PBEB, HBB, PBT, TBX and TBCT are in cluster 6, and
PBBB and PBBC are in cluster 12.

Genotoxicity (Q)SAR-based clustering

OBTMPIs, PBEB, HBB, PBT, TBX and TBCT are in
cluster 3, and PBBB and PBBC are in cluster 1.

Reproductive toxicity (Q)SAR-based
clustering

PBEB, HBB, PBT, TBCT, DBDPE, OBTMPI (CAS
155613-93-7), PBBB and PBBC are in cluster 2, and
TBX and OBTMPI (CAS 1084889-51-9) are singletons.

Endocrine (Q)SAR-based clustering

PBEB, DBDPE, PBBB, PBBC and OBTMPI (CAS
1084889-51-9) are in cluster 1,

HBB is in cluster 7,

PBT, TBX and TBCT are in cluster 6, and
OBTMPI (CAS 155613-93-7) is in cluster 3.

Skin sensitization

OBTMPIs, PBEB, HBB, PBT, TBX and TBCT are in
cluster 3, and
PBBB and PBBC are in cluster 5.

OBTMPI (CAS 155613-93-7) is an incompletely defined substance, and the molecular structure is a

representative of the substance.

This is chemically a broad structural group, which may not as a whole be suited as a category for
read-across, but which have common properties and may also have possible relevant subgroups.
For example, PBBB and PBBC which are chemically quite similar, although one bromine in the first

is replaced by chlorine in the second, seem according to the rough (Q)SAR-based clusterings to have

similar predicted profiles for carcinogenicity, genotoxicity, reproductive toxicity effects, endocrine
activity and skin sensitization. Likewise, the OBTMPIs have not surprisingly according to the
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applied (Q)SAR models also similar profiles, at least for carcinogenicity, genotoxicity and skin
sensitization.

Seven members were predicted to be persistent and bioaccumulative (based on bioconcentration
predictions). Furthermore, all members have some positive indications for genotoxicity and
carcinogenicity, and all have one or more positive indications for effects within reproductive
toxicity. Two members have positive indications within the applicability domain for skin
sensitization.

One member, DBDPE, is found to be REACH registered, and another member, HBB, is found to be
in Tox21. The identified sources of experimental information are in itself not enough to give

promise of possible successful read-across for the large group.

2.5.2 Group 2 (dibromo-(2,3- dibromopropoxy)benzene derivatives)

Structure signature

Cluster 2

[e)
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o
()

n
n

n
o

O Br Br :
Br Br Br Br

Br Br
)Br Br ;Br o
Br Br e
BriR_21850-44-2 Brl_35109-60-5 Brl_42757-55-1 |Br2_70156—79—5
Abbreviated names for members 21850-44-2: TBBPA-BDBPE

35109-60-5: DPTE
42757-55-1: TBBPS-BDBPE
70156-79-5: TBPPS-BME

Members that are REACH registered TBBPA-BDBPE

Members that are in ToxCast/Tox21 Tox21: TBBPA-BDBPE

Members of OECD HPV Chemical -

Categories

Members of US-EPA New Chemical Neutral organics: DPTE, TBPPS-BME
Categories

Carcinogenicity (Q)SAR-based clustering TBPPS-BME is in cluster 4,

TBBPA-BDBPE and TBBPS-BDBPE are in cluster 7,
and

DPTE is a singleton

Genotoxicity (Q)SAR-based clustering TBBPA-BDBPE, DPTE and TBBPS-BDBPE are in
cluster 9, and
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TBPPS-BME is in cluster 3.
Reproductive toxicity (Q)SAR-based TBBPA-BDBPE and DPTE are in cluster 3, and
clustering TBBPS-BDBPE and TBPPS-BME are in cluster 2.
Endocrine (Q)SAR-based clustering TBBPA-BDBPE is in cluster 4, and
DPTE, TBBPS-BDBPE and TBPPS-BME are in cluster
1.
Skin sensitization TBBPA-BDBPE, TBBPS-BDBPE and DPTE are in
cluster 1, and
TBPPS-BME is in cluster 2.

This group is centered around the cluster signature (dibromo-(2,3- dibromopropoxy)benzene). It is
noted that TBPPS-BME does not contain the cluster signature. According to the rough (Q)SAR-
based clusterings this substance (TBPPS_BME) falls in different clusterings than the other
members for carcinogenicity, genotoxicity and skin sensitization. TBBPA-BDBPE, DPTE and
TBBPS-BDBPE seem to have similar profiles for genotoxicity and skin sensitization. This could
possibly be a relevant group for the three members containing the signature, if it is the same active
metabolite, e.g. 2,3-dibromopropanol, which is responsible for the effect for which read-across is
attempted.

All members were predicted to be persistent, and DPTE and TBPPS-BME were predicted to be
vPvB. Where the models could make robust predictions, TBBPA-BDBPE, DPTE and TBBPS-BDBPE
have many positive indications for genotoxicity and carcinogenicity, however also with indication
that carcinogenicity may possibly be specific to rodents. TBBPA-BDBPE and DPTE have a few
positive hits for reproductive toxicity.

One member, TBPPA-BDBPE, is found to be both REACH registered and in Tox21. The identified
sources of experimental information are in itself not enough to give promise of possible successful

read-across for the group as it only covers one member.

2.5.3 Group 3 (Cycloalkanes)

Structure signature

N

Br

Cluster 3

Br Br Br

Br Br Br

Br Br Br

Brl_3194-55-6 Br1_3322-93-8 Brl_25637-99-4
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Br2_3194-57-8

Br

Br Br

Br2_25495-98-1

Abbreviated names for members

3194-55-6: HBCDD
3322-93-8: DBE-DBCH
25637-99-4: HBCDD
3194-57-8: TBCO
25495-98-1: HBCYD

Members that are REACH registered

HBCDD (under CAS No 25637-99-4)

Members that are in ToxCast/Tox21

ToxCast: HBCDD (CAS 3194-55-6)
Tox21: HBCDD (CAS 3194-55-6), DBE-DBCH

Members of OECD HPV Chemical
Categories

Members of US-EPA New Chemical
Categories

Carcinogenicity (Q)SAR-based clustering

All except DBE-DBCH (which is a singleton) are in
cluster 3

Genotoxicity (Q)SAR-based clustering

HBCDD (CAS 3194-55-6) and TBCO are in cluster 5,
DBE-DBCH is a singleton,

HBCDD (CAS 25637-99-4) is in cluster 3, and
HBCYD is in cluster 8.

Reproductive toxicity (Q)SAR-based
clustering

HBCDD (CAS 3194-55-6), DBE-DBCH, TBCO and
HBCYD are in cluster 3, and
HBCDD (CAS 25637-99-4) is in cluster 2.

Endocrine (Q)SAR-based clustering

HBCDDs and HBCYD are in cluster 1,
DBE-DBCH is a singleton, and
TBCO is in cluster 6.

Skin sensitization

HBCDDs, DBE-DBCH and TBCO are in cluster 1, and
HBCYD is in cluster 2.

HBCDD (CAS 25637-99-4) is an incompletely defined substance, and the molecular structure is a

representative of the substance.

This is chemically a broad structural group, which need thorough consideration before possible
read-across between members. The two HBCDDs are chemically the closest analogues, although the
different positions (alpha/beta vs. alpha/gamma) of the bromine atoms may give different
activities. According to the rough (Q)SAR-based clusterings the two HBCDDs have similar profiles
for carcinogenicity, endocrine activity and skin sensitization. HBCDD (CAS 3194-55-6), DBE-
DBCH, TBCO and HBCYD all have bromine in alpha/beta position (however with HBCYD having
two bromines at the same carbon) and these substances have according to the rough (Q)SAR based
clusterings similar profiles for reproductive toxicity effects. HBCDD (CAS 3194-55-9) and TBCO
have similar (Q)SAR-based profiles for carcinogenicity, genotoxicity, reproductive toxicity and skin

sensitization.

HBCDDs and HBCYD were predicted to be vPvB. HBCDD (CAS 3194-55-6) is included in training
sets for DTU models with negative experimental results for Ames, AR antagonism and ER agonism.
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Where the models could make robust predictions, all members had a number of positive indications
for genotoxicity. Especially DBE-DBCH had many positive genotoxicity indications. HBCDDs, DBE-
DBCH and TBCO were positive within AD in a number of cancer models. HBCDD (CAS 3194-55-6),
DBE-DBCH, TBCO and HBCYD had a few positive hits for reproductive toxicity and cardio toxicity.

One member, HBCDD (CAS 3194-55-6), is found to be both REACH registered and in Tox21, and
DBE-DBCH is found to be in Tox21. The identified sources of experimental information are in itself

not enough to give promise of possible successful read-across.

254 Group 4 (Phthalate acid and its anhydride)

Structure signature

Cluster 4

Br

Br

Br

. i
Br \}J

BriR_632-79-1

Br
HO

Br3_75790-69-1

Abbreviated names for members

632-79-1: TEBP-Anh
75790-69-1: TBPA (CAS refers to mixed esters)

Members that are REACH registered

TEBP-Anh

Members that are in ToxCast/Tox21

Tox21: TEBP-Anh

Members of OECD HPV Chemical

Categories
Members of US-EPA New Chemical Anhydrides, Carboxylic acid: TEBP-Anh
Categories Neutral organics: TBPA

Carcinogenicity (Q)SAR-based clustering

Both are in cluster 11.

Genotoxicity (Q)SAR-based clustering

Both are in cluster 2.

Reproductive toxicity (Q)SAR-based
clustering

Both are in cluster 4.

Endocrine (Q)SAR-based clustering

Both are in cluster 6.

Skin sensitization

TEBP-AnNh is a singleton and
TBPA s in cluster 3.

Please note that for TBPA the CAS refers to mixed esters with diethylene glycol and propylene
glycol. However, in this exercise the phthalic acid without esters parts was applied in the (Q)SAR

profiling.
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The two members are chemically very similar with TEBH-Anh being the anhydride of TBPA.
According to the rough (Q)SAR-based clusterings they also have similar profiles for carcinogenicity,
genotoxicity, reproductive toxicity and endocrine activity.

TEBP-AnNh is predicted to be PBT and TBPA is predicted to be persistent. TEBP-Anh is included in
the training set for the DTU Ames model with a negative experimental result. Both have some
positive indications for carcinogenicity. TEBP-Anh has positive indications of sensitization. Both
have a few positive indications for reproductive toxicity.

TEBP-AnNh is found to be both REACH registered and in Tox21. The identified sources of
experimental information could maybe be used in an analogue read-across for TBPA. However, as

the CAS refers to mixed esters of TBPA in this case it would not be relevant.

255 Group 5 (Phenols and bisphenols)

Structure signature

Br : Br

Cluster 5

OH
Br Br
O OH oH
Br Br Br Br
O Br Br
HO

Br Br Br Br

Bri_79-94-7 Brl_118-79-6 Brl_608-71-9
OH
OH Br. Br
Br.
0:S:0
Br Br Br
HO
Brl_615-58-7 Brl_39635-79-5
Abbreviated names for members 79-94-7: TBBPA
118-79-6: TBP
608-71-9: PBP
615-58-7: DBP
39635-79-5: TBBPS
Members that are REACH registered TBBPA, TBP
Members that are in ToxCast/Tox21 ToxCast: TBBPA, TBP
Tox21: TBBPA, TBP, PBP
Members of OECD HPV Chemical -
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Categories

Members of US-EPA New Chemical Phenols (Acute toxicity): TBBPA, TBP, PBP, DBP,
Categories TBBPS

Carcinogenicity (Q)SAR-based clustering TBP and DBP are in cluster 13,
TBBPA and TBBPS are in cluster 14, and
PBP is a singleton.

Genotoxicity (Q)SAR-based clustering TBBPA, TBP, DBP and TBBPS are in cluster 7, and
PBP is in cluster 3.

Reproductive toxicity (Q)SAR-based All are in cluster 2.

clustering

Endocrine (Q)SAR-based clustering TBBPA is in cluster 4,

TBP and PBP are in cluster 10,
DBP and TBBPS are singletons.

Skin sensitization TBBPA, TBP, DBP and TBBPS are in cluster 2, and
PBP is in cluster 3.

This group contains both phenols and bisphenols, and possible subgrouping may be relevant.
According to the rough (Q)SAR-based clusterings they all have similar reproductive toxicity
profiles. TBP and DBP have similar profiles for carcinogenicity, genotoxicity and skin sensitization.
TBBPA and TBBPS likewise have similar profiles for carcinogenicity, genotoxicity and skin
sensitization.

TBBPA, TBP, PBP and TBBPS are predicted to be persistent, TBBPA is predicted to be vPvB and
PBP is predicted to be PBT. TBBPA, TBP and PBP are included in the training set for the DTU Ames
model with negative experimental results. TBBPA is included with positive experimental results in
the DTU model for AR antagonism. TBBPA, TBP, PBP and DBP are included with negative
experimental results in the DTU model for ER binding, and TBBPA and TBP are included in the
DTU model for ER agonism with negative experimental results. All five members are predicted
negative for Ames but have some positive indications in other genotoxicity models. TBP, PBP and
DBP have weak indications for carcinogenicity. All five are predicted positive for thyroperoxidase
(TPO) inhibition, and DBP is predicted positive in two small DTU models for TR alpha and beta
binding. TBP, PBP, DBP, TBBPS have positive indications for skin sensitization.

TBBPA and TBP are found to be both REACH registered and in Tox21, and PBP is found to be in
Tox21. The identified sources of experimental information are in itself not enough to give promise
of possible successful read-across.

2.5.6 Group 6 (benzyl ethyl oxygen bridge derivatives)

Structure signature
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Br Br
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Cluster 6
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BriR_59447-55-1

Br

Br Br

Br

Br2_497107-13-8

Abbreviated names for members

59447-55-1: PBB-Acr
497107-13-8: DBDBE

Members that are REACH registered

PBB-Acr

Members that are in ToxCast/Tox21

Members of OECD HPV Chemical

Categories
Members of US-EPA New Chemical Acrylates/Methacrylates (Chronic toxicity)|Esters
Categories (Chronic toxicity): PBB-Acr (NB)

Carcinogenicity (Q)SAR-based
clustering

PBB-Acr is a singleton and
DBDBE is in cluster 6.

Genotoxicity (Q)SAR-based clustering

PBB-Acr is in cluster 4 and
DBDBE is in cluster 3.

Reproductive toxicity (Q)SAR-based
clustering

Both are in cluster 2.

Endocrine (Q)SAR-based clustering

PBB-Acr is in cluster 1 and
DBDBE is in cluster 3.

Skin sensitization

PBB-Acr is a singleton and
DBDBE is in cluster 2.

The two members are grouped around the common benzyl ethyl oxygen bridge. However,
chemically the oxygen bridge is part of an acrylate group for PBB-Acr and for DBDBE it is a
“simple” ether group. According to the rough (Q)SAR-based clusterings they also have dissimilar
profiles for carcinogenicity, genotoxicity, endocrine activity and skin sensitization.

PBB-Acr is predicted to be vPvB and DBDBE is predicted to be persistent. PBB-Acr have positive
indications for genotoxicity, carcinogenicity, reproductive toxicity and skin sensitization. DBDBE
has positive indications for carcinogenicity and cardiotoxicity.

PBB-Acr is found to be REACH registered. Based on the chemical and (Q)SAR-based dissimilarities

between the structures read-across between the two members does not seem relevant.

2.5.7

Group 7 (Methoxy dibromobenzene derivatives)

Structure signature

Br

Br

Cluster 7
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Structure signature

Brl_3278-89-5

Brl_3555-11-1

=
J/ Br Br
B

Br Br

Br2_607-99-8

Br3_26762-91-4

Abbreviated names for members

3278-89-5: TBP-AE
3555-11-1: PBPAE
37853-59-1: BTBPE
607-99-8: TBA
26762-91-4: AO-TBB

Members that are REACH registered

Members that are in ToxCast/Tox21

Tox21: TBP-AE

Members of OECD HPV Chemical
Categories

Members of US-EPA New Chemical
Categories

Neutral organics: TBP-AE, PBPAE, TBA, AO-TBB

Carcinogenicity (Q)SAR-based clustering

TBP-AE, TBA and AO-TBB are in cluster 1,
BTBPE is in cluster 4 and
PBPAE is in cluster 6.

Genotoxicity (Q)SAR-based clustering

TBP-AE, PBPAE, TBA and AO-TBB are in cluster 3,
and
BTBPE is in cluster 2.

Reproductive toxicity (Q)SAR-based
clustering

All are in cluster 2.

Endocrine (Q)SAR-based clustering

TBP-AE, TBA and AO-TBB are in cluster 6, and
PBPAE and BTBPE are in cluster 1.

Skin sensitization

TBP-AE, BTBPE, TBA and AO-TBB are in cluster 2,
and
PBPAE is in cluster 3.

AO-TBB is an incompletely defined substance, and the molecular structure is a representative of the

substance.

This group is centered around the cluster signature methoxy dibromobenzene. TBP-AE, PBPAE and
AO-TBB have the same propene ether group. According to the rough (Q)SAR-based clusterings all
the members have similar reproductive toxicity profiles. TBA-AE, TBA and AO-TBB furthermore
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fall in the same (Q)SAR-based clusterings for carcinogenicity, genotoxicity, endocrine activity and
skin sensitization.

All members were predicted to be persistent, PBPAE was furthermore predicted to be
bioconcentrating, TBP-AE and AO-TBB were predicted to be PBT and PBPAE was predicted to be
vPvB. BTBPE is included in the training set for the DTU Ames model with negative experimental
result. All the members have some positive indications for genotoxicity, carcinogenicity and skin
sensitization. PBPAE, BTBPE and AO-TBB have indications that carcinogenicity may be rodent
specific. TBP-AE, PBPAE and AO-TBB have weak indications for reproductive toxicity.

None of the members are found to be REACH registered. TBP-AE is found to be in Tox21. The
identified sources of experimental information are in itself not enough to give promise of possible
successful read-across for the group or for the brominated benzene propene ethers.

2.5.8 Group 8 (Phthalates/Benzoate)

Structure signature
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Brl_20566-35-2 Brl_26040-51-7
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o NS
Br
OO \O
Br
Br Br
Br Br
Br Br
Brl_183658-27-7 Br3_55481-60-2
Abbreviated names for members 20566-35-2: HEEHP-TEBP

26040-51-7: BEH-TEBP
183658-27-7: EH-TBB
55481-60-2: Bis(methyl)tetrabromophtalate (BM-TEBP)

Members that are REACH registered HEEHP-TEBP, BEH-TEBP

Members that are in ToxCast/Tox21 ToxCast: BEH-TEBP
Tox21: BEH-TEBP
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Members of OECD HPV Chemical
Categories

High molecular weight phthalate esters: BEH-TEBP

Members of US-EPA New Chemical
Categories

Esters (Acute toxicity)|Nonionic Surfactants: HEEHP-
TEBP,
Esters (Chronic toxicity): BM-TEBP

Carcinogenicity (Q)SAR-based
clustering

BM-TEBP is in cluster 11, and
BEH-TEBP, EH-TBB and BM-TEBP are singletons.

Genotoxicity (Q)SAR-based clustering

All are in cluster 2.

Reproductive toxicity (Q)SAR-based
clustering

EH-TBB is in cluster 3, and
HEEHP-TEBP, BEH-TEBP and BM-TEBP are singletons

Endocrine (Q)SAR-based clustering

All are in cluster 1.

Skin sensitizatin

All are in cluster 3.

This group is centered around the benzoate cluster signature. However, HEEHP-TEBP, BEH-TEBP
and BM-TEBP are phthalate esters and EH-TBB is a benzoate and would be expected to have a
different toxicity profile. According to the rough (Q)SAR-based clusterings all the members have
similar genotoxicity, endocrine activity and skin sensitization profiles. For carcinogenicity and
reproductive toxicity profiles none of the members cluster together.

All members were predicted to be persistent but not to be bioconcentrating. All are furthermore
predicted to have positive indications for carcinogenicity and weak indication for genoxiticy. All
have positive indications for reproductive toxicity, the phthalate esters having most positive hits.

HEEHP-TEBP and BEH-TEBP are found to be REACH registered, and BEH-TEBP is also in

ToxCast and Tox21.

2.5.9

Group 9 (TBBPA ethers)

Structure signature
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Brl 4162-45-2 Brl 25327-89-3

3072-84-2: TBBPA-BGE
37853-61-5: TBBPA-BME
66710-97-2: TBBPA-BHEEBA
4162-45-2: TBBPA-BHEE
25327-89-3: TBBPA-bAE

Abbreviated names for members

Members that are REACH registered -

Members that are in ToxCast/Tox21 Tox21: TBBPA-BHEE, TBBPA-bAE

Members of OECD HPV Chemical
Categories

Multifunctional acrylates: TBBPA-BHEEBA

Members of US-EPA New Chemical
Categories

Epoxides: TBBPA-BGE,

Acrylates/Methacrylates (Acute toxicity): TBBPA-
BHEEBA

Neutral Organics: TBBPA-BHEE

Carcinogenicity (Q)SAR-based
clustering

TBBPA-BME, TBBPA-BHEE and TBBPA-bAE are in
cluster 4, TBBPA-BHEEBA are in cluster 15 and
TBBPA-BGE is a singleton.

Genotoxicity (Q)SAR-based clustering

TBBPA-BGE is a singleton,

TBBPA-BME and TBBPA-bAE are in cluster 3,
TBBPA-BHEEBA are in cluster 4, and
TBBPA-BHEE is in cluster 2.

Reproductive toxicity (Q)SAR-based All are in cluster 2.

clustering

Endocrine (Q)SAR-based clustering All are in cluster 4.

TBBPA-BME, TBBPA-BHEE and TBBPA-bAE are in
cluster 2, TBBPA-BHEEBA and TBBPA-BGE are
singletons.

Skin sensitization

This group is centered around the TBBPA methyl ether signature. However, the group does not
seem very chemically homogeneous since TBBPA-BGE contains an epoxy group, TBBPA-BHEEBA
contains an acrylate group and TBBPA-bAE contains a propene ether group. So it is to be expected
that some members may be more reactive. According to the rough (Q)SAR-based clusterings all the
members have similar reproductive toxicity and endocrine activity profiles. For carcinogenicity
TBBPA-BME, TBBPA-BHEE and TBBPA-bAE cluster together. For genotoxicity only TBBPA-BME
and TBBPA-bAE cluster together. For skin sensitization TBBPA-BME, TBBPA-BHEE and TBBPA-
bAE cluster together.

All members were predicted to be persistent, TBBPA-BME is bioconcentrating, TBBPA-BGE and
TBBPA-BHEE are vPvB, and TBBPA-BHEE is also PBT. TBBPA-BHEE is included in the training
set for the DTU AR antagonism model with negative experimental result. TBBPA-BGE, TBBPA-
BHEEBA and TBBPA-bAE have positive indications for genotoxicity and carcinogenicity with
TBBPA-BGE having the strongest profile. However, there is also indication that carcinogenicity may
be rodent specific. All have a few positive reproductive toxicity indications. All have positive
indications from pregnane X receptor (PXR) binding, ER binding and agonism, and TPO inhibition.
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TBBPA-BHEE has positive indications from several cardiotoxicity models. TBBPA-BGE, TBBPA-
BME and TBBPA-BHEEBA have positive indications for skin sensitization.

None of the members are found to be REACH registered. TBBPA-BHEE and TBBPA-bAE are found
to be in Tox21. Apart from the differences in chemical structure between the group members, the
identified sources of experimental information are also not sufficient to give promise of possible

successful read-across.

2.5.10 Group 10 (small alkyl alkohols)

Structure signature
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BriR_3296-90-0 BriR_36483-57-5

Br2_1522-92-5 Br3_96-13-9

Abbreviated names for members

3296-90-0: DBNPG
36483-57-5: TBNPA
1522-92-5: TBNPA
96-13-9: 2,3-DBPA

Members that are REACH registered

DBNPG, TBNPA (CAS 36483-57-5)

Members that are in ToxCast/Tox21

ToxCast: DBNPG
Tox21: DBNPG, TBNPA, DBPA

Members of OECD HPV Chemical
Categories

Members of US-EPA New Chemical
Categories

Carcinogenicity (Q)SAR-based clustering

DBNPG and TBNPA are in cluster 10, and
2,3-DBPAis in cluster 7.

Genotoxicity (Q)SAR-based clustering

DBNPG and TBNPA are in cluster 1, and
2,3-DBPA is a singleton.

Reproductive toxicity (Q)SAR-based
clustering

TBNPA is in cluster 2,
2,3-DBPAis in cluster 3, and
DBNPG is a singleton.

Endocrine (Q)SAR-based clustering

All are in cluster 9.

Skin sensitization

All are in cluster 2.
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Note that CAS 36483-57-5 and CAS 1522-92-5 have identical molecular structures (TBNPA).

The group consists of three different molecular structures, all being small alkylalcohols, either
branched or linear. According to the rough (Q)SAR-based clusterings all have similar profiles for
endocrine activity and skin sensitization. DBNPG and TBNPA are in the same (Q)SAR-based
clusters for carcinogenicity and genotoxicity. For reproductive toxicity the three structures are in
separate clusters.

None of the members are predicted to be persistent or bioconcentrating. All three members are
included in the training set for the DTU Ames model with positive experimental results and 2,3-
DBPA is included with positive experimental results in the DTU models for chromosomal
aberrations in CHL cells and SHE cell transformation in vitro. All three have positive predicted
indications in all included models for carcinogenicity. DBNPG and TBNPA have positive predicted
indications in few models for reproductive toxicity, and 2,3-DBPA have positive predicted
indications in more reproductive toxicity models. All have positive predicted indications for airway
allergy.

DBNPG and TBNPA (CAS 36483-57-5) are found to be REACH registered. DBNPG is found to be in
both ToxCast and Tox21, and TBNPA and 2,3-DBPA are found to be in Tox21. The identified
sources of experimental information could give promise of possible successful read-across and
although all three substances do not cluster together in the (Q)SAR based clusterings for
genotoxicity, carcinogenicity and reproductive toxicity, manual inspection of the predictions
showed good consistency in the (Q)SAR predictions between the members, especially for
genotoxicity and carcinogenicity.

2.5.11 Group 11 (TBBPA esters/acrylate)

Structure signature
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Brl_33798-02-6 Br2_37419-42-4 Br2_55205-38-4

Abbreviated names for members 33798-02-6: TBBPA-bOAC
37419-42-4: TBBPA-BP
55205-38-4: TBBPA-BA

Members that are REACH registered -
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Members that are in ToxCast/Tox21 -

Members of OECD HPV Chemical -
Categories

Members of US-EPA New Chemical Esters (Chronic toxicity): TBBPA-bOAc
Categories

Carcinogenicity (Q)SAR-based clustering TBBPA-bOAc and TBBPA-BP are in cluster 4 and
TBBPA-BA is in cluster 15.

Genotoxicity (Q)SAR-based clustering TBBPA-bOAc and TBBPA-BP are in cluster 2. and
TBBPA-BA is in cluster 4.

Reproductive toxicity (Q)SAR-based All three are in cluster 2.

clustering

Endocrine (Q)SAR-based clustering TBBPA-bOACc is in cluster 2, and
TBBPA-BP and TBBPA-BA are in cluster 4.

Skin sensitization TBBPA-bOAc and TBBPA-BP are in cluster 6 and

TBBPA-BA is a singleton.

This group is centered around the TBBPA di-acetate signature, although for TBBPA-BA the ester
group is part of an acrylate group, which may be expected to be more chemically reactive. TBBPA-
bOAc and TBBPA-BP are structurally very similar being TBBPA di-acetate and di-propionate esters,
respectively. According to the rough (Q)SAR-based clusterings TBBPA-bOAc and TBBPA-BP have
similar profiles for carcinogenicity, genotoxicity and skin sensitization. For reproductive toxicity the
rough (Q)SAR-based clusterings indicated that all three substances have similar profiles.

All members were predicted to be persistent and bioconcentrating, and TBBPA-bOAc is predicted to
be vPvB. TBBPA-BA has positive indications for genotoxicity, carcinogenicity and reproductive
toxicity. TBBPA-bOAc and TBBPA-BP have weak indications for genotoxicity. All three have
positive indications for ER binding, AR antagonism and TPO inhibition. TBBPA-bOAc has
furthermore positive indications for PXR binding and cardiotoxicity.

None of the members are found to be REACH registered or in ToxCast/Tox21, and there is thereby
not identified any sources of experimental information for possible read-across.

2.5.12 Group 12 (Phosphates)

Structure signature
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Br

Brl 126-72-7

Brl 19186-97-1

Abbreviated names for members

126-72-7: TDBPP
19186-97-1: TTBNPP

Members that are REACH registered

TTBNPP

Members that are in ToxCast/Tox21

ToxCast: TDBPP
Tox21: TDBPP

Members of OECD HPV Chemical
Categories

Members of US-EPA New Chemical
Categories

Carcinogenicity (Q)SAR-based clustering

Both are singletons.

Genotoxicity (Q)SAR-based clustering

Both are singletons.

Reproductive toxicity (Q)SAR-based
clustering

Both are singletons.

Endocrine (Q)SAR-based clustering

Both are in cluster 7.

Skin sensitization

Both are singletons.

This group is centered around the phosphate cluster signature. According to the rough (Q)SAR-
based clusterings the two members have similar endocrine activity profiles, and in all the other
(Q)SAR-based clusterings they both come out as singletons.

Both members were predicted to be persistent but not to be bioconcentrating. TDBPP is included in
the training sets for the DTU models for Ames, Ames sub-model for base-pair mechanism,
chromosomal aberrations in CHL cells, unscheduled DNA synthesis (UDS, in vitro), SHE cell
transformation (in vitro), Drosophila SLRL (in vivo), sister chromatid exchange (in vivo), strong
skin irritation with positive experimental results and in DTU models for Ames sub-model for direct
acting mutagens and possible rodent-specific carcinogenicity with negative experimental results.
Both members have positive predicted indications in all included models for carcinogenicity, in
many models for in vitro and in vivo genotoxicity, for PXR binding and TPO inhibition, in many
models for reproductive toxicity, for severe skin irritation and for skin sensitization. TDBPP has
positive predicted indications in a few models for cardiotoxicity.

TTBNPP is found to be REACH registered and TDBPP is found to be in ToxCast and Tox21.
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2.5.13 Group 13 (Triazines)

Structure signature
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Brl_52434-90-9 Br2_57829-89-7 Br2_75795-16-3
Abbreviated names for members 52434-90-9: TDBP-TAZTO

57829-89-7: DBP-TAZTO
75795-16-3: BDBP-TAZTO

Members that are REACH registered -

Members that are in ToxCast/Tox21 -

Members of OECD HPV Chemical -

Categories

Members of US-EPA New Chemical -

Categories

Carcinogenicity (Q)SAR-based clustering All three are in cluster 9.

Genotoxicity (Q)SAR-based clustering All three are in cluster 10.

Reproductive toxicity (Q)SAR-based TDBP-TAZTO is in cluster 3, and

clustering DBP-TAZTO and BDBP-TAZTO are in cluster 7.

Endocrine (Q)SAR-based clustering TDBP-TAZTO and BDBP-TAZTO are in cluster 7, and
DBP-TAZTO is in cluster 6.

Skin sensitization All three are in cluster 4.

This group is centered around the (2,3- dibromopropyl)-1,3,5- triazine-2,4,6-trione cluster
signature, however DBP-TAZTO and BDBP-TAZTO also contain two and one allyl groups,
respectively. According to the rough (Q)SAR-based clusterings the three members have similar
profiles for carcinogenicity, genotoxicity and skin sensitization. For reproductive toxicity DBP-
TAZTO and BDBP-TAZTO have according to the rough (Q)SAR based clusterings similar profiles,
and TDBP-TAZTO and BDBP-TAZTO have similar profiles for endocrine activity.

All members were predicted to be bioconcentrating, and TDBP-TAZTO and BDBP-TAZTO were
predicted to be vPvB. All three members have positive predicted indications in many models for
genotoxicity, carcinogenicity and reproductive toxicity. However, there are indications that
carcinogenicity may be rodent specific. TDBP-TAZTO has positive indications for PXR binding,
TPO inhibition and skin sensitization, and BDBP-TAZTO has positive indications for PXR binding.

Category approach for selected brominated flame retardants

37



None of the members were found to be REACH registered or in ToxCast/Tox21.

2.5.14 Group 14 (Biphenyles)

Structure signature

Cluster 14

Br
Br Br

Br Br

Br Br
Br ! Br l Br
Br Br

Brl_13654-09-6 Brl_36355-01-8

Abbreviated names for members 13654-09-6: DecaBB
36355-01-8: HexaBB

Members that are REACH registered -

Members that are in ToxCast/Tox21 -

Members of OECD HPV Chemical -
Categories

Members of US-EPA New Chemical -
Categories

Carcinogenicity (Q)SAR-based clustering DecaBB is in cluster 8 and
HexaBB is in cluster 2.

Genotoxicity (Q)SAR-based clustering Both are in cluster 3.

Reproductive toxicity (Q)SAR-based Both are in cluster 6.

clustering

Endocrine (Q)SAR-based clustering DecaBB is a singleton and
HexaBB is in cluster 2.

Skin sensitization DecaBB is in cluster 3 and

HexaBB is in cluster 2.

HexaBB is an incompletely defined substance, and the molecular structure is a representative of the
substance.

This group contains two brominated biphenyls. These substances are already assessed and treated
as a group in the RoHS directive, and since the cluster does not contain any other types of chemical
structures this group would not bring new knowledge applicable in the regulation of groups of
substances in the RoHS directive.
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2.5.15 Group 15 (Diphenyl ethers)
Structure signatu re
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Brl 1163-19-5

Br

Brl 32534-81-9

Brl 32536-52-0

Brl 58965-66-5

Abbreviated names for members

1163-19-5: decaBDE
32534-81-9: pentaBDE
32536-52-0: octaBDE
58965-66-5: 4’-PeBPOB-DE208

Members that are REACH registered

decaBDE

Members that are in ToxCast/Tox21

Tox21: pentaBDE, octaBDE

Members of OECD HPV Chemical
Categories

Members of US-EPA New Chemical
Categories

Neutral Organics: pentaBDE,

Carcinogenicity (Q)SAR-based clustering

DecaBDE is in cluster 8,
pentaBDE is a singleton,
octaBDE is in cluster 2 and
4’-PeBPOB-DE?208 is in cluster 6.

Genotoxicity (Q)SAR-based clustering

All are in cluster 6.

Reproductive toxicity (Q)SAR-based
clustering

DecaBDE is in cluster 2, and
pentaBDE, octaBDE and 4’-PeBPOB-DE208 are in
cluster 5.

Endocrine (Q)SAR-based clustering

DecaBDE, octaBDE and 4’-PeBPOB-DE208 are in
cluster 5, and
pentaBDE is in cluster 2.

Skin sensitization

All are in cluster 3.

PentaBDE and octaBDE are incompletely defined substances, and the molecular structures are

representatives of the substances.

This group contains three brominated diphenyl ethers and one with an extra brominated p-phenyl
ether fragment. The polybrominated diphenyl ethers are already assessed and treated as a group
and restricted in the RoHS directive. According to the rough (Q)SAR-based clusterings all the
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members have similar profiles for genotoxicity and skin sensitization. For reproductive toxicity 4'-
PeBPOB-DE208 clusters together with pentaBDE and octaBDE, and for and for endocrine activity it
clusters together with DecaBDE and octaBDE.

All members were predicted to be persistent, and pentaBDE was predicted to be PBT and vPvB.
DecaBDE is included in the training sets for the DTU models for Ames, HGPRT, SHE cell
transformation and AR antagonism with negative experimental results, and in DTU model for
mouse micronucleus (bone marrow, in vivo) and rodent specific carcinogenicity with positive
experimental results. PentaBDE is included in the training set for the DTU model for AR
antagonism with positive experimental result. All four members have positive predicted indications
in a few models for genotoxicity and carcinogenicity. However, with indications for all four that
carcinogenicity may be rodent specific. PentaBDE and octaBDE have positive indications in one
model for human teratogenicity. All four have positive indications for AR antagonism and TPO
inhibition, and decaBDE, pentaBDE and 4’-PeBPOB-DE208 have positive indications for ER
binding.

DecaBDE was found to be REACH registered. PentaBDE and octaBDE were found to be in Tox21.

The polybrominated diphenyl ethers (PBDE) are already assessed and regulated as a group in the
RoHS directive.

2.5.16 Singletons

Structure signature
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Abbreviated names for members

25713-60-4: TTBP-TAZ

31780-26-4: DBS

32588-76-4: EBTEBPI

34571-16-9: HCTBPH

51936-55-1: DBHCTD

3234-02-4: 2,3-Dibromo-2-butene-1,4-diol
52907-07-0: Ethylene-bis(5,6-dibromo-norbornane-
2,3-dicarboximide)

Members that are REACH registered

TTBP-TAZ and EBTEBPI

Members that are in ToxCast/Tox21

Tox21: 2,3-Dibromo-2-butene-1,4-diol

Members of OECD HPV Chemical

Categories
Members of US-EPA New Chemical Imides (Acute toxicity): Ethylene-bis(5,6-dibromo-
Categories norbornane-2,3-dicarboximide)

Carcinogenicity (Q)SAR-based clustering

DBHCTD and Ethylene-bis(5,6-dibromo-norbornane-
2,3-dicarboximide) are in cluster 3,

TTBP-TAZ is in cluster 4,

DBS and EBTEBPI are in cluster 5, and

HCTBPH and 2,3-Dibromo-2-butene-1,4-diol are
singletons.

Genotoxicity (Q)SAR-based clustering

TTBP-TAZ is in cluster 3,

HCTBPH is in cluster 8,

DBHCTD are in cluster 5, and

DBS, EBTEBPI, 2,3-Dibromo-2-butene-1,4-diol and
Ethylene-bis(5,6-dibromo-norbornane-2,3-
dicarboximide) are singletons.

Reproductive toxicity (Q)SAR-based
clustering

DBS and 2,3-Dibromo-2-butene-1,4-diol are in cluster
1, and

TTBP-TAZ, EBTEBPI, HCTBPH, DBHCTD and
Ethylene-bis(5,6-dibromo-norbornane-2,3-
dicarboximide) are singletons.

Endocrine (Q)SAR-based clustering

TTBP-TAZ is a singleton,

DBS is in cluster 6,

EBTEBPI and Ethylene-bis(5,6-dibromo-norbornane-
2,3-dicarboximide) are in cluster 8,

HCTBPH and DBHCTD are in cluster 3, and
2,3-Dibromo-2-butene-1,4-diol is in cluster 9.

Skin sensitization

DBS is in cluster 2,
Ethylene-bis(5,6-dibromo-norbornane-2,3-
dicarboximide) is in cluster 4, and

TTBP-TAZ, EBTEBPI, HCTBPH, DBHCTD and 2,3-
Dibromo-2-butene-1,4-diol are singletons.

These substances are structurally clustered as “singletons” meaning that they did not cluster
together with any of the other substances included.
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3. (Q)SAR predictions

The group of small linear and branched brominated alkyl alcohols was selected for a possible
category approach. This decision was based on (Q)SAR predicted positive profiles for genotoxicity
and cancer with positive experimental information in the training sets for a number of the applied
(Q)SAR models for two of the substances, DBNPG (CAS RN 3296-90-0) and DBPA (CAS RN 96-13-
9).

These two substances were furthermore REACH registered and also for that reason expected
possibly to have experimental information for a number of endpoints. To enable read-across by the
category approach for a given effect it is necessary to have experimental information for this effect
for a representative number of the category members, as a minimum and depending on the size of
the category, for at least two of the members.

DBNPG and DBPA have been identified by the EU Commission (Oeko-Institut 2014) to have
highest priority in relation to undergoing further evaluation leading to possible restriction under
the RoHS directive. In the evaluation by the EU Commission emphasis have been laid on the
application in electric and electronic equipment. This has been extracted from the REACH dossiers.

3.1 Definition of the category

The working definition of the category was made on the basis of the span of the four members of the
structural group identified in the preliminary structural grouping exercise. In the identified group
the smallest member (DBPA) has 3 carbons, two bromine atoms and one alcohol group, and the two
biggest members (TBNPA and DPNPA) have 5 carbons, 2-3 bromine atoms and 1-2 alcohol groups.
The category was therefore defined as small brominated linear and branched alkyl alcohols with 3-5
carbons, 1-2 alcohol groups, and 2-4 bromine atoms. Four bromine atoms were allowed although
this was not seen in the members in the preliminary structural group. In correspondence with the
category members from the preliminary structural group a maximum of one bromine atom or one
alcohol group was allowed on a carbon, bromine being allowed only on primary or secondary
carbons. However, chains were allowed to end with a carbon atom without a bromine or alcohol
group even though this is not seen in the members from the preliminary structural group. The
purpose of “relaxing” on the chemical specifications in the working definition of the category
compared to the members in the preliminary structural group was to possibly identify more
structural analogs for which experimental data might be available. Depending on the findings in a
later stage it can be decided to narrow down the category.

3.2 Identification of category members

The chemical structures of the theoretical members of the category were identified and SMILES
codes were generated. There were 62 in total including the four from the preliminary structural
group. Of these, 2 were structurally identical but with different CAS RNs, and as the number of
unique structures is important in this exercise (and as some of the other members also have more
than one CAS RN) in the following text the category is referred to as containing 61 members.
Possible CAS RNs for the 58 newly generated members were identified by SMILES lookup in
SciFinder. For 22 of these one or more CAS RNs could be found in SciFinder. Only CAS RNs for
isomers not including mixtures or substances with deuterium (2H) or carbon-14 (14C) were
retrieved. For the remaining members no CAS RN was located. However, these substances were still
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kept in the category as theoretical members, as they may potentially be used in the future. For the
members with no CAS RNs no experimental data is expected to be available.

The full list with the 61 (62) members is presented in Appendix 5 with 2D structures and a few
physical-chemical descriptors. All the ID humbers, which are given as part of the images, have the
prefix “BFR_", which were used in Leadscope to give the structures unique identifiers so that they
did not merge with other projects stored in the Leadscope server. The ID number follows the prefix.
The first three digits of the ID numbers encode the number of carbon atoms, bromine atoms and
alcohol groups in the molecule, followed by a further numbering as there was in many cases more
than one member with the same first three digits. If a CAS RN was found it is given as the last part
of the ID number.

3.3 ToxCast/Tox21

All the identified CAS RNs for the theoretical members of the category were searched to see if they
were among the substances included in ToxCast or Tox21. However, only the three substances from
the preliminary structural group which were already identified ToxCast/Tox21 members were
found.

TBNPA (CAS RN 1522-92-5): 65 assays, 2 hits (AhR, NRF2)
DBPA (CAS RN 96-13-9): 65 assays, O hits
DBNPG (CAS RN 3296-90-0): 384 assays, 1 hit (COX-2)

3.4 (Q)SAR models applied

Although the category was chosen based on the genotoxicity and carcinogenicity profiles for the
members from the preliminary structural group, the 61 category members were predicted in all the
human health related (Q)SAR models and in the OECD (Q)SAR Application Toolbox profilers (see
Appendix 3). PBT in relation to environmental endpoints were not predicted as PBT properties for
the category members were not identified in the preliminary structural group.

3.5 Results from the (Q)SAR predictions

3.5.1 Membership of existing OECD HPV Chemical Categories or US-EPA New
Chemical Categories

The OECD (Q)SAR Application Toolbox was used to check whether any of the 61 category members

were associated with an existing category assessed within the OECD HPV Chemicals Programme or

a category defined within the new chemical notification scheme and the HPVC challenge

programme of the US-EPA. None of the category members were associated with either the OECD

HPV or the US EPA New Chemical Categories.

3.5.2 Bioavailability

All the 61 category members are bioavailable according to estimated Lipinski’s rule-of-five as
predicted both in Leadscope and the OECD (Q)SAR Application Toolbox. Human intestinal
absorption was predicted to be between 90% and 96% for the individual members.

3.5.3 Metabolism / transformation

The following metabolism profilers in the OECD (Q)SAR Application Toolbox was run: Observed
Mammalian metabolism, observed microbial metabolism, observed rat in vivo metabolism,
observed rat liver S9 metabolism, simulated microbial metabolism, and simulated rat liver
metabolism. One metabolite was identified in the observed rat in vivo metabolism profiler for
DBNPG (glucuronide metabolite), but none for any of the other members. I.e. this means that for
DBNPG the Toolbox contains information about a metabolite and it does not contain information
about metabolites for the remaining members. However, this does not mean that they do not
possibly have any metabolites. Multiple metabolites were generated for all of the 61 category
members in both of the two metabolism simulators.
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3.54 Endocrine endpoints

All 61 category members were predicted to be non-binders in the OECD profiler for Estrogen
Receptor (ER) binding. All members were furthermore negative or outside AD for in vitro ER
binding in the DTU model, and in further DTU models all members were predicted negative for in
vitro ER agonism, Androgen Receptor (AR) antagonism, Pregnane X Receptor (PXR) binding, PXR
activation and thyroperoxidase (TPO) inhibition.

3.5.5 Repro-developmental toxicity

The 61 category members were predicted negative or were outside AD in many of the commercial
suites (Leadscope FDA) for non-human reproductive toxicity (9 models for: Rodent male
composite, Rat male, Mouse male, Rodent male sperm composite, Rat male sperm, Mouse male
sperm, Rodent female composite, Rat female and Mouse female). However, in the model for Rat
male 34 members were predicted positive and the remaining were outside AD, in the model for
Rodent male sperm composite 33 members had positive predictions, 3 were negative and the
remaining were outside AD, and in the model for Rodent female composite 9 members had positive
predictions, 1 was negative and the remaining were outside AD.

The category members were predicted negative or were outside AD in all of the commercial suites
(Leadscope FDA) for non-human developmental toxicity (27 models within Structural
dysmorphogenesis, Visceral dysmorphogenesis, Fetal growth retardation, Fetal weight decrease,
Fetal survival: fetal death, Fetal survival: post-implantation loss and Fetal survival: pre-
implantation loss). However, DBNPG (CAS RN 3296-90-0) had positive experimental results in the
training sets of many of the models (Growth Retard Mouse, retard rodent (AH1), Wt Dec Mouse, wt
dec rodent (All), Fetal Death Mouse, Fetal Death Rodent, post impl mouse (AG6), post impl rodent
(AG1), Pre Impl Loss Mouse, Pre Impl Loss Rodent, Repro Mouse Male, Repro Rodent Male, sperm
mouse(AP5), sperm Eff Rodent) and negative results in others (struct mouse (AL6), struct rodent
(AL1), Visc Org Mouse, Visc Org Rodent, Repro Mouse Female, Repro Rodent Female).

Commercial CASE Ultra model A49 for human teratogenicity potential: 4 positive predictions and
many negative.

3.5.6 Organ toxicity
The category members were outside the AD in commercial suite models for renal toxicity (CASE
Ultra), hepatotoxicity (Leadscope) and cardiotoxicity (CASE Ultra).

3.5.7 Repeated dose toxicity
All the category members were identified to belong to Cramer classification scheme for oral
systemic toxicity (with extensions) class I11.

None of the members were categorized in the OECD (Q)SAR Application Toolbox profiler for
repeated dose toxicity (Hazard Evaluation Support System, HESS).

In a DTU model for human maximum recommended daily dose (in pharmaceutical clinical trials
employing primarily oral route of exposure and daily treatments, usually for 3-12 months) based on
US FDA data, and found by the US FDA to be directly related to NOEL in humans, the majority of
the members were outside the AD and the remaining (9) were predicted negative (positive meaning
side effects at daily dose below 2.69 mg/kg-bw).

3.5.8 Genotoxicity and carcinogenicity

All category members were predicted using a number of (Q)SAR models for genotoxicity and
carcinogenicity. This section presents the predictions from DTU models and commercial models
implemented in MultiCASE and Leadscope first, preseded by predictions from OECD (Q)SAR
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Application Toolbox profilers. Heat maps over the (Q)SAR predictions and of the OECD (Q)SAR
Application Toolbox profilers alerts are included in Appendix 6.

DTU models and commercial models implemented in MultiCASE and Leadscope

In the commercial MultiCASE CASE Ultra model for Ashby structural alerts for DNA reactivity
(NTP data) all members were predicted positive, except 1 substance (DBNPG). In a commercial
CASE Ultra model for Ames mutagenicity (Salmonella typhimurium) all members were predicted
positive. In a DTU model for Ames mutagenicity predictions within the defined AD could be
obtained for 47 of the members and they were all predicted positive, and the 3 members (i.e.
including DBNPG) from the preliminary structural group had positive experimental data. In
Appendix 6 the predictions for Ashby alerts, and the CASE Ultra commercial and DTU models for
Ames are included in columns a, b and c, respectively.

The two identified alerts in the DTU Ames model for the different substances were one bromine on
a primary carbon or one bromine on a secondary carbon. To check the specificity of the models it
was investigated if two or three bromines on the same carbon would also be alerted, and these
checked substances (which were not part of the category) were predicted negative with no alert
found.

In a DTU Ames sub-model for direct acting Ames mutagens (not requiring liver S9) DBNPG and
DBPA are included in the training set as experimental positives and TBNPA is included as an
experimental negative. In another DTU Ames sub-model for frameshift mutagenicity DBPA is
included in the training set as an experimental positive and DBNPG and TBNPA are included as
experimental negatives. In a third DTU Ames sub-model for base-pair mutagenicity DBPA is
included in the training set as experimental positive and DBNPG and TBNPA are not included. For
the DTU Ames sub-model for Base-pair all 48 members within the AD of the model are predicted
positive. This is illustrated in the heat map for the (Q)SAR predictions in Appendix 6 column f.

None of the 61 members were predicted to be positive for chromosomal aberrations in vitro in
Chinese hamster ovary cells (1/61 was out of the AD for this model), see column h in the (Q)SAR
predictions heat map in Appendix 6. One substance (2,3-DBPA) was predicted to be positive for
chromosomal aberrations in vitro in Chinese hamster lung cells, 8 substances were predicted to be
negative and the remaining 52 substances were out of the applicability domain (column i in the
(Q)SAR predictions heat map in Appendix 6).

Regarding the mouse lymphoma assay, all substances were out of the AD in this model.

In the model for the HGPRT test, 5 substances were predicted to be positive and the remaining 56
substances were out of the AD (column k in the (Q)SAR predictions heat map in Appendix 6). 24
substances were predicted to be positive for unscheduled DNA synthesis in vitro, while the
remaining 37 substances were out of the AD (column j in the (Q)SAR predictions heat map in
Appendix 6). In the in vivo sister chromatid exchange assay, 51 substances were predicted to be
positive and the remaining 10 substances were out of the AD (column m in the (Q)SAR predictions
heat map in Appendix 6). In the model for the in vivo bone marrow micronucleus test, 23
substances were predicted to be negative and the remaining 38 substances were out of the AD for
this test (column n in the (Q)SAR predictions heat map in Appendix 6). In the in vivo dominant
lethal test in rodents, 41 substances were predicted to be negative and the remaining 20 substances
were out of the applicability domain for this test (column o in the (Q)SAR predictions heat map in
Appendix 6). Increases in sex-linked recessive lethal mutations in male germ cells of Drosophila
melanogaster were predicted for 44 substances, but not for 13 substances; the remaining 4
substances were out of the applicability domain for this test (column p in the (Q)SAR predictions
heat map in Appendix 6). In the model for in vivo Comet assay, there were positive predictions for
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14 substances, whereas the remaining 47 substances were out of the applicability domain (column q
in the (Q)SAR predictions heat map in Appendix 6).

In a commercial CASE Ultra FDA cancer suite with 7 models (male rat, female rat, male mouse,
female mouse, rat, mouse, rodent (columns r-x in the (Q)SAR predictions heat map in Appendix 6))
all members had at least four positive predictions within the AD. All members were predicted
positive in the CASE Ultra FDA RCA algorithm for overall cancer call, which requires at least two
positive predictions in the four male/female mouse/rat models and overlapping alerts (columny in
the (Q)SAR predictions heat map in Appendix 6). In a Leadscope DTU model which predicts
whether carcinogenicity is specific to rodent liver 34 members were predicted negative and 27 were
outside the AD. DBNPG (CAS RN 3296-90-0) is included as an experimental negative in the
training set of the model. l.e. according to this model there were no indications that carcinogenicity
is rodent specific.

All the 61 category members were predicted positive in the MultiCASE commercial model for Ames
mutagenicity, and all except one (DBNPG) were predicted positive for Ashby structural alerts. In
further DTU or commercial models for genotoxicity, positive or out-of-AD predictions were
obtained in the models for in vitro chromosomal aberrations in Chinese hamster ovary cells,
HGPRT, unscheduled DNA synthesis and in vivo sister chromatid exchange. Negative or out-of-AD
predictions were obtained in the models for in vivo bone marrow micronucleus in mice and
dominant lethal test in rodents.

Both positive and negative predictions were obtained in models for in vitro chromosomal
aberrations in Chinese hamster lung cells and in vivo increases in sex-linked recessive lethal
mutations in male germ cells of Drosophila melanogaster, so for these particular endpoints the
models indicate possible differences between the category members.

The fact that robust predictions within the defined ADs of the models could not be obtained for all
the category members (i.e. some of the chemical structures were out of the AD) does not in itself
indicate anything about the relevance of the defined category in relation to genotoxicity and cancer.
It merely means that not all the chemical structures were sufficiently known by the models. It is also
important to treat the negative predictions with particular care, as the applied systems require more
statistical significance for “alerts” than for “non-alerts”. All the 61 category members were predicted
positive in the MultiCASE CASE Ultra commercial FDA suite for carcinogenicity, and no indications
were found that carcinogenicity may be rodent specific by a Leadscope DTU model.

In other words, the following models gave positive predictions within AD for all category members:
MultiCASE commercial models for Ames and FDA cancer suites. As these models are commercial
the identified alerts cannot be presented here due to license restrictions. The outputs from
commercial (Q)SAR programmes are related to the mode of action.

The overall accuracies of the models in terms of sensitivity and specificity estimated by cross-
validation are presented in Table 2 for the Ashby structural alerts, Salmonella mutagenicity (Ames)
and cancer models. For the Salmonella mutagenicity model the results were extracted from the
MultiCASE CASE Ultra model information where it was presented as the result of a ten-fold (i.e.
10%) cross-validation. For the Ashby structural alerts and cancer models the cross-validation was
performed by DTU as a 5 times random (but keeping the balance between positives and negatives)
two-fold (i.e. 50%) cross-validation. Documentation in (Q)SAR Model Reporting Format (QMRF) is
available for the Ashby structural alerts and cancer models, as well as for the other genotoxicity
models presented in the heat map in Appendix 6, in the online Danish (Q)SAR database (DTU
2016). The estimated specificities of the models are between 85.9% and 95.1%, i.e. the overall false
positive rates of the models are around 5%- 14%.
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CU Ashby structural alerts 782 Sens=89.7, Spec=95.1, Conc=91.9

CU SALM, Salmonella mutagenicity 10479 Sens=91 +0.7, Spec=89 +1.2
(TA97,98,100,1535-1538))

CU FDA RCA cancer male rat 1324 Sens=34.2, Spec=95.0, Conc=63.9
CU FDA RCA cancer female rat 1321 Sens=44.4, Spec=93.3, Conc=71.6
CU FDA RCA cancer rat 1379 Sens=41.7, Spec=94.0, Conc=66.9
CU FDA RCA cancer male mouse 1197 Sens=38.4, Spec=86.1, Conc=66.1
CU FDA RCA cancer female mouse 1208 Sens=41.5, Spec=85.9, Conc=65.6
CU FDA RCA cancer mouse 1221 Sens=43.1, Spec=86.9, Conc=66.9
CU FDA RCA cancer rodent 1530 Sens=51.4, Spec=88.3, Conc=68.2

TABLE 2. TRAINING SET NUMBERS (N) AND RESULTS FROM CROSS VALIDATIONS.
SENS: SENSITIVITY; SPEC: SPECIFICITY; CONC: CONCORDANCE.

OECD (Q)SAR Application Toolbox profilers

In its workflow for read across, the OECD (Q)SAR Toolbox aims to group chemicals into categories
on the basis of a common molecular initiating event. One common molecular initiating event for
genetic toxicity and genotoxic carcinogenicity is often the ability of a chemical to bind covalently to
DNA (OECD 2011). A number of profilers in the OECD (Q)SAR Application Toolbox were applied to
identify alerts and point to possible mechanisms.

All the category members as well as their observed (Mammalian/Rat S9/in vivo) and simulated
metabolites (Rat S9/in vivo) were profiled in a number of profilers of relevance for genotoxicity and
carcinogenicity:

e DNA binding by OECD

e DNA binding by OASIS v.1.3

e Protein binding alerts for Chromosomal aberration by OASIS v1.1
e Invitro mutagenicity (Ames test) alerts by ISS

e DNA alerts for AMES, MN and CA by OASIS v.1.3

e Invivo mutagenicity (Micronucleus) alerts by ISS

e Oncologic Primary Classification

e Carcinogenicity (genotox and nongenotox) alerts by ISS

The structural alerts-output from the profilers for all the category members is included as a heat
map in Appendix 6. The rows of the matrix represent structural alerts identified either in the parent
compound or in one or more metabolites. Each structural alert is associated with one or more
possible mechanisms in the OECD (Q)SAR Application Toolbox alerts explanations provided in
Appendix 7 .
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In the DNA binding OECD profiler, one or more of 5 alerts were identified in each of the 61 category
members, either in the parent compound or in one or more metabolites (columns A1-A5 in the
profiler alerts heat map in Appendix 6):

e Aliphatic halides (identified in 52 members)

e 1.2-Dihaloalkanes (identified in 34 members)

e Mono aldehydes (identified in 59 members)

e  Epoxides (identified in 51 members)

e  Mustards (identified in 3 members)

For DNA binding by OASIS v.1.3 one or more of 5 alerts were identified in each of the 61 category
members, either in the parent compound or in one or more metabolites (columns B1-B5 in the
profiler alerts heat map in Appendix 6):

e Haloalkanes Containing Heteroatom (identified in 57 members)

e Haloalkane Derivatives with Labile Halogen (identified in 23 members)

¢ Vicinal Dihaloalkanes (identified in 34 members)

e Epoxides and Aziridines (identified in 51 members)

e Haloalcohols (identified in 52 members)

For Protein binding alerts for Chromosomal aberration by OASIS v1.1 one or more of the following
2 alerts were identified in each of 41 members either in the parent compound and/or in one or more
metabolites (columns C1-C2 in the profiler alerts heat map in Appendix 6):

e Halogenated Vicinal Hydrocarbons (identified in 27 members)

e Alpha-Activated Haloalkanes (identified in 41 members)

In the profiler for in vitro mutagenicity (Ames test) alerts by 1SS one or more of the following 3
alerts were identified in each of the 61 category members either in the parent compound and/or in
one or more metabolites (columns D1-D3 in the profiler alerts heat map in Appendix 6):

e Aliphatic halogens (identified in 61 members)

e Simple aldehyde (identified in 59 members)

e Epoxides and aziridines (identified in 51 members)

For DNA alerts for Ames, Mouse micronucleus (MN) and chromosomal aberration (CA) by OASIS
v.1.3 no alert was identified in 7 category members, and in each of the remaining 55 members one
or more of the following 4 structural alerts were identified either in the parent compound and/or in
one or more metabolites (columns E1-E4 in the profiler alerts heat map in Appendix 6):

e Haloalkane Derivatives with Labile Halogen (identified in 20 members)

e Vicinal Dihaloalkanes (identified in 10 members)

e Haloalcohols (identified in 44 members)

e Epoxides and Aziridines (identified in 45 members)

In the profiler for in vivo mutagenicity (Micronucleus) alerts by ISS one or more of the following 4
alerts were identified in each of the 61 category members either in the parent compound and/or in
one or more metabolites (columns F1-F4 in the profiler alerts heat map in Appendix 6):

e Aliphatic halogen (identified in 61 members)

e Epoxides and aziridines (identified in 51 members)

e H-acceptor-path3-H-acceptor (identified in 60 members)

e Simple aldehyde (identified in 59 members)

In the Oncologic Primary Classification profiler one or more of the following 4 alerts were identified
in 61 category members either in the parent compound and/or in one or more metabolites (columns
G1-G4 in the profiler alerts heat map in Appendix 6):

e Aldehyde Type Compounds (identified in 59 members)

e Alpha, beta-Haloether Reactive Functional Groups (identified in 52 members)
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e Reactive Ketone Reactive Functional Groups (identified in 25 members)
e  Epoxide Reactive Functional Groups (identified in 51 members)

In the profiler for carcinogenicity (genotox and nongenotox) alerts by ISS one or more of the
following 5 alerts were identified in each of 61 category members either in the parent compound
and/or in one or more metabolites (columns H1-H5 in the profiler alerts heat map in Appendix 6):

e (Poly) Halogenated Cycloalkanes (Nongenotox) (identified in 34 members)

e Aliphatic halogens (Genotox) (identified in 60 members)

e  Epoxides and aziridines (Genotox) (identified in 51 members)

e Simple aldehyde (Genotox) (identified in 59 members)

e  Substituted n-alkylcarboxylic acids (Nongenotox) (identified in 6 members)

The OECD (Q)SAR Application Toolbox profilers are expert rule-based systems with defined
positive alerts (“positive list”). The profilers are not associated with a defined AD. They can be
applied for positive identification but if no alert is identified it is not a “negative” prediction, but
absence of identification of a positive alert in that particular profiler. For some but not all of the
applied profilers the identified structural alerts are associated with mechanistic information.

The OECD (Q)SAR Application Toolbox profilers for genotoxicity identified alerts in all category
parent members and/or their metabolites in the profilers for DNA binding by OECD, DNA binding
by OASIS, in vitro mutagenicity (Ames test) alerts by ISS and in vivo mutagenicity (Micronucleus,
in rats and mice) alerts by ISS. The profilers for DNA alerts for AMES, MN and CA and for protein
binding for chromosomal aberration, both by OASIS, identified alerts in the majority of the category
members (55 and 41, respectively). Oncologic Primary Classification identified alerts in all but one
member (ID number 52125_3). Carcinogenicity (genotox and nongenotox) alerts by ISS identified
alerts in all parent members and/or their metabolites.

As it appears from the listing above, a number of alerts in the different profilers were identified
indicating multiple possible genotoxic mechanisms. However, there was overlap in some of the
identified alerts from the different profilers. Some alerts were identified in fewer members and/or
their metabolites and some were identified in many or all of the members and/or their metabolites.

One alert was identified in all 61 category members, namely the “Aliphatic halogen” alert in the
three ISS profilers for in vitro mutagenicity (Ames test), in vivo mutagenicity (Micronucleus, in rats
and mice) and carcinogenicity (genotox and nongenotox). Furthermore, there was one alert which
was identified in all but one (ID number 52125 _3) category members, namely the “H-acceptor-
path3-H-acceptor” alert in the ISS profiler for in vivo mutagenicity (Micronucleus). The alerts
“Mono aldehydes” from DNA binding by OECD, “Simple aldehyde” from the three ISS profilers and
”Aldehyde Type Compounds” from Oncologic Primary Classifications profilers were identified in all
but two members (ID numbers 52123 _213821-20-6 and 52125_3). The explanations for these alerts
as provided by the Toolbox are shown in Figures 2-6 (see also Appendix 7).

As described above, the “Aliphatic halogen” alert from the three ISS profilers for in vitro
mutagenicity (Ames test), in vivo mutagenicity (Micronucleus, in rats and mice) and carcinogenicity
(genotox and nongenotox) was identified in all 61 category members. The explanation for the
“Aliphatic halogen” alert as provided by the Toolbox for all three ISS profilers is shown in Figure 2.
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Aliphatic halogens

R B,

H

R = any atom/group

Numerous haloalkanes have been rested for earcinogenic and mutagenic activities. In general, the genotoxic
potential is dependent on the nature, number, and position of halogen(s) and the molecular size of the
compotnd (Woo et al. 2002). Although sorme aliphatic halogens have been shown to directly alkylate
macromolecules (Bolt and Gansewendt 1093), biotransformation may also play an important role in their
roxieity. Cytochrome P450 oxidation may produce gem-halohydrins that spontaneously dehydrohalogenate
to reactive carbonyl compounds (Guengerich 1901), (see reaction 1). Alternatively, glutathione (GSH)
conjugation via GSH transferases, has been proposed as an activation mechanism for several halogenated

alkanes (Guengerich 2003b); (Guengerich 2003a) (as an example for dihaloethanes see Reaction 2).
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Fully halogenated haloalkanes tend to act by free radical or nongenotoxic mechanisms (Woo et al. 2002). In the
case of CCl4 (see reaction 3.), P450 reduces CCl4 to the trichloromethyl radical which can bind to cellular

molecules (nucleic acid, protein, lipid), impairing crucial cellular processes.

-450
2. CCly ——= CClje —= CClLO ¢ —= —= CI,0=0

phosgene

Adduct formation between CCl3* and DNA is thought to function as initiator in the case of hepatic cancer. This
radical can also react with oxygen to form highly reactive species, the trichloromethylperoxy radical CCl300%,

that may initiate the chain reaction of lipid peroxidation, and ultimately generate phosgene (Guengerich 1991).
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FIGURE 2 OECD (Q)SAR APPLICATION TOOLBOX EXPLANATION OF THE “ALIPHATIC HALOGEN”
STRUCTURAL ALERT FROM THE THREE ISS PROFILERS

50 Category approach for selected brominated flame retardants



According to the alert explanation some aliphatic halogens may be direct alkylating agents while
metabolic activation may play a role for others. Cytochrome P450 oxidation may as shown in
reaction 1 lead to reactive carbonyl (aldehyde or ketone) compounds. Reaction 2 gives an example
of another proposed activation mechanism by glutathione (GSH) conjugation. Reaction 3 in Figure
2 does not seem relevant for this category of small linear and branched brominated alkyl alcohols,
since the members were required to have maximum one bromine atom per carbon atom.

As described above, the “H-acceptor-path3-H-acceptor” alert from the ISS profiler for in vivo
mutagenicity (Micronucleus) was identified in all but one (ID number 52125_3) category members
and/or their metabolites. The explanation for the “H-acceptor-path3-H-acceptor” alert is shown in
Figure 3.

Hacceptor-path3-Hacceptor

H-bond-Acc

/A\A/

A= Any atom, except Hydrogen
H-bond-Acc= Any atom that1s a potential Hydrogen bond acceptor

H-bond-Acc

This alert explores the possibility that a chemical interacts with DINA andfor proteins wia non-covalent binding, such as
DA intercalation or groove-binding (Snyder et al. 2006}, Among the descriptors potentially accounting for non-
covalent interactions, the present molecular fram ewotk representing two bonded atoms connecting two H bond
acceptors (calculated with software Leadscope Entepnise 2.4.15-6) resulted in an increased sensitivity/specificity for
what concerns the Micronucleus training set.
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FIGURE 3 OECD (Q)SAR APPLICATION TOOLBOX EXPLANATION OF THE “H-ACCEPTOR-PATH3-H-
ACCEPTOR” STRUCTURAL ALERT IN THE ISS PROFILER FOR IN VIVO MUTAGENICITY (MICRONUCLEUS)

According to the explanation in Figure 3 this alert explores the possibility that a chemical interact
with DNA and/or protein via non-covalent binding.

As described above, the alerts “Mono aldehydes” from DNA binding by OECD, “Simple aldehyde”
from the three ISS profilers and "Aldehyde Type Compounds” from Oncologic Primary
Classifications profilers were identified in metabolites from all but two members (ID numbers
52123 _213821-20-6 and 52125 _3). The explanations for the alerts are shown in Figure 4, 5 and 6.
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Structural alert: WMono-aldehydes

O

o

E =:p3 carbon, hydrogen

Mechanism

Ilono aldehwdes undergo Schiff base fonmation {Garcia et al 2009, Hecht et al 2001).
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E =14 chain

Sructural alert mitigating factors

+ Mo mitigating factors have been reported for the chemicals in this mechanistic alert.

Eeferences

Garcia CL et al (2009 Mutation Eesearch, 662, 3-9

FIGURE 4 OECD (Q)SAR APPLICATION TOOLBOX EXPLANATION OF THE “MONO ALDEHYDES”
STRUCTURAL ALERT FROM THE DNA BINDING BY OECD PROFILER
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Simple Aldehydes

Tl
H R
E=aliphatic or aromatic carbon
alpha, beta-unzaturated aldehydes are excluded

All compounds carrying an aldehydic group can potentially undergo Schiff base formation
with a primary amine. They are to be considered potentially genotoxic, as demonstrated iz
vive ability to react with nuclecbases, without metabolic activation, forming adducts,
interbase crosslinks (both intra and inter-strand), and DMNA-protein crosslinks The length of
catbon chain for aliphatic al dehydes, and in general molecular size, can strongly modulate the
formation of every type of cross-link and even the accessibility of the DIMA nuclechases
(Eomano Zite, persenal communication). DA protein crosslinks have been reported az the
primary DA damage induced by formal dehvde (Speit of @l 2007). The initial step of the
reaction probably involwes formation of an unstable Schiff base with the exocyclic amino
group of deozyguancsine dG (1a). In the case of acetal dehyde, thiz intermediate (1b) could be
stabilized by reduction, producing N2-ethvl-dG (2), or alternativel v may react with a second
molecule of acetal dehvde forming a new aldehyde adduct (3) that ultimately cyclize in an 3-
hydrozypropano adduct (4) The latter exists in equilibrium with its ning-opened aldehyde
form, and may underge condensation with another guanine to form imine-dinked bis-
nucleoside (30 which in turn cyclizes to pyrimidopurinone (6) (Wang ef af. 2000),
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Some aldehydes may also induce hydrozyalleyl adducts in DINA | but the relevance of these
DMA modifications for mutagenicity is unclear (Speit et @l 2007
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FIGURE 5 OECD (Q)SAR APPLICATION TOOLBOX EXPLANATION OF THE “SIMPLE ALDEHYDE”
STRUCTURAL ALERT FROM THE THREE ISS PROFILERS
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Category: Aldehyvde Type Compounds

Component: Aldehvde

)

Ri——C——{H}

Ry: aliphatic {alkyl chain),

alicyclic {oycloaliphatic),
aromatic (arcmatic ring system 1-2 rings);
other types (H, benzyl, phenylethyl, COCH, COO-, C{CYCn, ete.).

Substituents: The following substituents may be placed on B 1 groups: hydroxyl (CH), carboxylic acid (COOH),
sulfonic acid (SC3H), halogens (C1, Br, I, F), Other, and, additienally, alkyl {Ch) groups on arcmatic rings.

Exceptions: Heteroatoms can not replace carbon atoms in the alkyl chain netr can oxo groups be added. The
degradati on products of these compounds should be considered separately. If the B group contains heteroatoms and
degradation products are not known, replace the heteroatoms with carbon atoms.

FIGURE 6 OECD (Q)SAR APPLICATION TOOLBOX EXPLANATION OF THE "ALDEHYDE TYPE
COMPOUNDS” STRUCTURAL ALERT FROM THE ONCOLOGIC PRIMARY CLASSIFICATIONS PROFILER

According to the explanations in Figure 4 and 5 aldehyde compounds can potentially undergo Schiff
base formation with a primary amine to form DNA adducts and cross-links.

The OECD (Q)SAR Application Toolbox does not contain information about the accuracy of the
profilers or the individual alerts. However, it has been assessed by some studies as described below.

In 1988 Ashby and Tennant (Ashby et al. 1988) analysed 222 chemicals evaluated for
carcinogenicity in mice and rats by the United States NCI/NTP. The structure of each chemical was
assessed for potential electrophilic (DNA-reactive) sites, its mutagenicity to Salmonella, and the
level of its carcinogenicity to rodents. A strong correlation of 90% was found between the chemical
structure and Salmonella mutagenicity across 115 carcinogens, 24 equivocal carcinogens and 83
non-carcinogens. As part of their well-known poly-carcinogen, aromatic and aliphatic substituted
primary alkyl halides were identified by Ashby and Tennant to be a structural alert for genotoxic
carcinogenicity. Tertiary aliphatic halogen substituents and geminal tri- or di-halogen substituents,
as well as primary aliphatic halocarbons adjoined to a sterically crowded atom (e.g. to a CHCl2 or
CCls substructure) were classified as negative. Such types of compounds are not included in this
category of small linear and branched brominated alkyl alcohols.

Kazius et al. (2005) analysed a dataset of 4337 molecular structures with corresponding Ames test
data (2401 mutagens and 1936 nonmutagens). Specific toxicophores were derived and approved by
employing chemical and mechanistic knowledge in combination with statistical criteria.
Toxicophores were defined as substructures that indicate an increased potential for mutagenicity,
whether this is caused by DNA reactivity or not. |.e. a toxicophore represents a reactive substructure
or a substructure that is prone to either metabolic activation or intercalation. A final set of 29
toxicophores containing new substructures was assembled that could classify the mutagenicity of
the investigated dataset with a total classification error of 18%. Furthermore, mutagenicity
predictions of an independent validation set of 535 compounds were performed with an error
percentage of 15%. Since these error percentages approach the average interlaboratory
reproducibility error of Ames tests, which is 15%, it was concluded that these toxicophores can be
applied to risk assessment processes and can guide the design of chemical libraries for hit and lead
optimization.
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As part of this work Kazius et al. identified the aliphatic halide (excluding the fluorine atom)
substructure to be an alert for mutagens. Out of 416 aliphatic halide compounds, 297 were
mutagens, corresponding to 71% (p-value <<0.05). If compounds containing other toxicophores
were excluded, there were 330 aliphatic halide compounds, of which 217 were mutagens,
corresponding to 66% (p-value <<0.05). l.e. this alert does not discriminate very precisely between
positives and negatives and identifies 34% false positives among the training set chemicals.

According to Benigni et al. (2008 and 2010) the aliphatic halogen alert from the three ISS profilers
has a positive predictivity for carcinogenicity of 74% (49 out of 66 substances experimentally tested
for carcinogenicity and containing the alert fragment had positive results from the carcinogenicity
studies).

According to Benigni et al. (2010) the hacceptor-path3-hacceptor alert from the ISS in vivo
mutagenicity (Micronucleus) profiler has a positive predictivity for in vivo micronucleus of 34% (55
out of 163 substances experimentally tested for in vivo micronucleus and containing the alert
fragment had positive results from the micronucleus studies). No statistics for positive predictivity
for carcinogenicity was found.

According to Benigni et al. (2008) the simple aldehyde alert from the three ISS profilers has a
positive predictivity for carcinogenicity of 88% (7 out of 8 substances experimentally tested for
carcinogenicity and containing the alert fragment had positive results from the carcinogenicity
studies).

Additional Toolbox category investigation exercises

The OECD (Q)SAR Application Toolbox v 3.3.2 was used in a preliminary exercise to investigate
further sub-category formation possibilities and to find possible analogs with experimental data.
The chemical structures of all 61 category members were imported into the Toolbox. No
experimental results in any of the Toolbox inventories were found for the category members.

Mutagenicity and carcinogenicity properties were profiled using the following profilers: DNA alerts
for Ames, MN and CA by OASIS v.1.3, in vitro mutagenicity (Ames test) alerts by ISS, in vivo
mutagenicity (Micronucleus) alerts by ISS, Carcinogenicity (genotox and non-genotox) by 1SS and
Oncologic Primary Classification.

It was discovered in the process that the (Q)SAR Application Toolbox does not suggest possible sub-
categorizations when multiple “targets” are processed as a category, in this case the 61 potential
category members.

As a next step, the category definition function of the (Q)SAR Application Toolbox was used to find
analogues among chemicals in the contained inventories (analogues chemicals are chemicals that
are similar to other chemical). The above profilers were selected as filters one by one to retrieve
possible analogs with high chemical similarity to the category members. The selection has different
modes of operation, among others, two logical modes (AND and OR) are available, and the OR was
selected as the AND mode is too restrictive for this size of category and therefore not expected to
return analogs (confirmed for selected profilers).

This exercise returned thousands of possible analogs, for example:
- thein vitro mutagenicity (Ames test) alerts by ISS based retrieval of analogs returned
3,570 analogs, of which 1,108 contained bromine,
- the Oncologic Primary Classification profiler based retrieval of analogs returned 65,998
analogs, of which 1,697 contained bromine, and
- the Carcinogenicity (genotox and nongenotox) alerts by ISS profiler returned 32,474
analogs of which 1,878 contained bromine.
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Some of these analogs have experimental information for mutagenicity and cancer in the (Q)SAR
Application Toolbox, but it requires further analysis to filter the data and retrieve experimental
information only for the chemically closest analogs, and this was not possible within the scope of
this project.

Overall (Q)SAR results for genotoxicity and carcinogenicity

The 61 members in the category of small linear and branched brominated alkyl alcohols were
predicted by a number of (Q)SAR models to be positive for carcinogenic and genotoxic properties
indicating that they have a carcinogenic potential with a possible mutagenic/genotoxic mode of
action. The estimated specificities of the models as established by leave-many-out cross-validations
are between 85.9% and 95.1%, i.e. the overall false positive rates of the models are around 5%- 14%.

From the identified alerts in a number of OECD (Q)SAR Application Toolbox profilers, there was
one alert which was identified in all 61 category members, namely the “Aliphatic halogen” alert
identified in the three ISS profilers for in vitro mutagenicity (Ames test), in vivo mutagenicity
(Micronucleus, in rats and mice) and carcinogenicity (genotox and nongenotox). This alert
identified 34% false positives among the mutagenicity training set chemicals (Kazius et al. 2005).
According to Benigni et al. (2008 and 2010) this alert has a positive predictivity for carcinogenicity
of 74%.

From the explanation of the alert contained in the OECD (Q)SAR Application Toolbox it does not
seem that there is one single mechanistic interpretation of the ISS aliphatic halogen alert in relation
to mutagenicity and cancer. Specific read-across hypotheses on the molecular level for different
sub-categories within the category may possibly be based on in-depth analysis of the mechanistic
interpretations of the remaining identified alerts in the OECD (Q)SAR Application Toolbox
profilers. However, this was outside the scope of this project.
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4. EXperimental data

This phase of the project consisted of a literature search to collect experimental data on human
health effects and an evaluation of the retrieved data with focus on identification of a critical human
health effect for the members of the category of brominated flame retardants selected for this phase,
i.e. the category of small linear and branched alkyl alcohols.

4.1 Data collection and evaluation of data

The literature search was performed for the three members of the category identified in the
preliminary structural grouping, i.e. 2,3-DBPA (CAS RN 96-13-9, 83165-36-0, 83165-35-9), DBNPG
(CAS RN 3296-90-0) and TBNPA (CAS RN 1522-92-5, 36483-57-5), as well as for the 22 new
category members identified in the definition of the category, which have a CAS RN assigned.

The literature search was performed in the databases SciFinder, PubMed and Scopus with selected
search terms, e.g. substance name, CAS RN and combinations (e.g. ‘propanol AND dibromo’;
‘hydroxypropane AND dibromo’) etc. as documented in the literature search document, see
Appendix 8.

All the retrieved data from the literature search were checked in order to identify relevant data on
human health effects. For the purpose of this project, i.e. to perform a category approach and read
across for the critical effect across all or some of the theoretical members of the category, the
relevant data on human health effects are: human data and animal data on repeated dose toxicity,
genotoxicity, carcinogenicity and reproductive toxicity, as well as in vitro data on genotoxicity,
endocrine activity and other mode/mechanisms of action.

Data were retrieved for 24 of the 25 category members with a CAS RN assigned. Relevant data on
human health effects were only retrieved for two of these members, i.e. for two of the three
members of the category identified in the preliminary structural grouping, 2,3-DBPA (CAS RN 96-
13-9) and DBNPG (CAS RN 3296-90-0), see Table 3.

Two of the three members of the category identified in the preliminary structural grouping are
registered in REACH, i.e. DBNPG (CAS RN 3296-90-0) and TBNPA (CAS RN 36483-57-5). The
third member of the category identified in the preliminary structural grouping is pre-registered in
REACH, i.e. 2,3-DBPA (CAS RN 96-13-9). Two of the 22 category members with a CAS RN assigned
identified in the preliminary structural grouping are also pre-registered in REACH, i.e. 1,3-
dibromo-2-propanol (CAS RN 96-21-9) and 1,4-dibromo-2-butanol (CAS RN 19398-47-1).

For the two substances registered under REACH, the REACH registrations in the publicly accessible
part of the REACH Registration Dossier Database, hosted on the ECHA website, were checked in
order to identify eventual additional relevant information. For TBNPA (CAS RN 36483-57-5), the
REACH registration was the only source of information. For DBNPG (CAS RN 3296-90-0), no
additional relevant information was identified in the REACH registration.
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Substance name

| cASRN

Data found

Relevant data

REACH

Members of the category identified in the preliminary structural grouping

2,3-Dibromo-1-propanol (2,3-DBPA) | 96-13-9 Yes Yes Pre-registered
83165-36-0 Yes No No
83165-35-9 Yes No No
2,2-Bis(bromomethyl)-1,3- 3296-90-0 Yes Yes Registered
propanediol (DBNPG)
2,2-Bis-(bromomethyl)-3-bromo-1- 1522-92-5 Yes No No
propanol (TBNPA) 36483-57-5 Yes No Registered
New members identified in the definition of the category
1,3-Dibromo-2-propanol 96-21-9 Yes No Pre-registered
2,3,4-Tribromo-1-butanol 855236-37-2 Yes No No
1,2,4-Tribromo-3-butanol 87018-38-0 Yes No No
3,4-Dibromo-1,2-butanediol 35330-59-7 Yes No No
1,4-Dibromo-2,3-butanediol 14396-65-7 Yes No No
299-70-7 Yes No No
1947-59-7 Yes No No
15410-44-3 Yes No No
3-Bromo-2-(bromomethyl)-1- 106023-63-6 Yes No No
propanol
1,4-Dibromo-2-butanol 19398-47-1 Yes No Yes
64028-90-6 Yes No No
1360729-08-3 | Yes No No
3,4-Dibromo-2-butanol 79033-40-2 Yes No No
2,3-Dibromo-1-butanol 4021-75-4 Yes No No
54899-03-5 Yes No No
70528-70-0 Yes No No
3,4- Dibromo-1-butanol 87018-30-2 Yes No No
2,2-Bis(bromomethyl)-1-propanol 105100-80-9 Yes No No
4,5-Dibromo-2-pentanol 213821-22-8 Yes No No
1,2-Dibromo-3-pentanol 408319-76-6 Yes No No
1,4-dibromo-(R*,R*)-(9CI)-3- 159475-15-7 Yes No No
pentanol 159475-16-8 Yes No No
2,4-Dibromo-3-pentanol 343268-04-2 Yes No No
72770-99-1 Yes No No
3,4-Dibromo-(2R*,3S*,4S*)- (9Cl)-2- | 76377-07-6 Yes No No
pentanol 76420-11-6 Yes No No
4,5-Dibromo-1-pentanol 59287-66-0 Yes No No
2,5-Dibromo-1-pentanol 856991-78-1 No No No
1,5-Dibromo-2-pentanol 100606-66-4 Yes No No
1092554-97-6 | Yes No No
2,5-Dibromo-2-pentanol 213821-20-6 Yes No Yes
159475-17-9 Yes No No
159475-18-0 Yes No No
4-Bromo-2-(bromomethyl)- 1- 98069-26-2 Yes No No
butanol
4-Bromo-2-(bromomethyl)- 1,3- 44804-46-8 Yes No No
butanediol

TABLE 3 SUMMARY OF THE RESULTS OF THE DATA COLLECTION AND EVALUATION FOR THE 25

CATEGORY MEMBERS WITH A CAS RN ASSIGNED
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For one of the three members of the category identified in the preliminary structural grouping,
there is a harmonised classification. For the two other members of the category identified in the
preliminary structural grouping, there are notified classifications. Also for two of the new members
of the category identified in the definition of the category, there are notified classifications. The
classifications for these substances are summarised in Table 4.

Members of the category identified in the preliminary structural grouping

2,3-Dibromo-1-propanol (2,3- 96-13-9
DBPA)
2,2-bis(bromomethyl)-1,3- 3296-90-0

propanediol (DBNPG)

2,2-Bis-(bromomethyl)-3- 1522-92-5
bromo-1-propanol (TBNPA)

36483-57-5

Harmonised classification:
Acute Tox. 4 H302

Acute Tox. 3 H311

Acute Tox. 4 H332

Carc. 1B H350

Repr. 2 H361f ***

Aquatic Chronic 3 H412

Notified classification:

Acute Tox. 4 H302

Skin Irrit. 2 H315

Eye Irrit 2 H319

STOT SE 3 H335 (respiratory system)
STOT RE 2 H373 (kidney, bladder - oral)
Muta. 1B H340 / Muta. 2 H341

Carc. 1B H350 / Carc. 2 H351

Aquatic Chronic 4 H413

Notified classification:
Acute Tox. 4 H302
Acute Tox. 4 H312
Acute Tox. 4 H332
Skin Irrit. 2 H315

Eye Irrit 2 H319

Notified classification:

Acute Tox. 4 H302

Eye Irrit 2 H319

Muta. 1B H340 / Muta. 2 H341
Carc. 1B H350

Aquatic Chronic 3 H412
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1,3-Dibromo-2-propanol

1,4-Dibromo-2,3-butanediol

96-21-9 Notified classification:
Flam. Lig. 3 H226
Acute Tox. 3 H301
Skin Irrit. 2 H315

Eye Irrit 2 H319
STOT SE 3 H335

Carc. 2 H351

14396-65-7 Notified classification:
Skin Irrit. 2 H315
Eye Dam 1 H318

STOT SE 3 H335

TABLE 4 HARMONISED / NOTIFIED CLASSIFICATION AVAILABLE FOR THE MEMBERS OF THE

CATEGORY

4.2

Experimental studies on repeated dose toxicity and carcinogenicity

Experimental studies examining repeated dose toxicity and carcinogenicity are summarised in

Table 5.

Method Results Reference
2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

Test substance: FR-1138® technical | Rats: NTP (1996)

grade (with a composition of 78.6%
2,2-bis(bromomethyl)- propane-
1,3-diol, 6.6% 2,2-
bis(hydroxymethyl)-1-bromo-3-
hydroxypropane, 6.9% 2,2-
bis(bromomethyl)-1-bromo-3-
hydroxypropane, 0.2%
pentaerythritol and 7.7% dimers
and structural isomers)

Sub-chronic repeated dose toxicity
study

Test substance administered in the
feed for 13 weeks

F344/N rats (10 per sex per group):
0, 1,250, 2,500, 5,000, 10,000,
20,000 ppm (corresponding to
approximately 0, 100, 200, 400,
800, 1700 mg/kg bw/day for males
and 0, 100, 200, 400, 800, 1600
mg/kg bw/day for females)

No rats died during the study.

Final mean body weights and weight gains of 5,000,
10,000, and 20,000 ppm males and females were
significantly lower than those of the controls.
Chemical-related differences in clinical pathology
parameters included increased urine volumes
accompanied by decreased urine specific gravity and
minimally increased protein excretion in 10,000 and
20,000 ppm males; in females, urine parameters were
less affected than males. Serum protein and albumin
concentrations in female rats exposed to 2,500 ppm and
higher were slightly lower than those of the controls.
Renal papillary degeneration was present in 5,000 and
10,000 ppm males, and in 20,000 ppm males and
females.

Hyperplasia of the urinary bladder was present in 20,000
ppm males.

Mice:

One control female, two males and one female receiving
625 ppm, one female receiving 1,250 ppm, one female
receiving 2,500 ppm, one female receiving 5,000 ppm,
and three males receiving 10,000 ppm died during the
study.
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B6C3F1 mice (10 per sex per
group): 0, 625, 1,250, 2,500, 5,000,
10,000 ppm (corresponding to
approximately 0, 100, 200, 500,
1300, 3000 mg/kg bw/day for
males and 0, 140, 300, 600, 1200,
2900 mg/kg bw/day for females)

Final mean body weights and body weight gains of males
and females receiving 1,250, 2,500, 5,000, or 10,000 ppm
and of females receiving 625 ppm were significantly lower
than those of the controls.

Feed consumption by exposed mice was generally higher
than that by controls throughout the study.

Clinical findings included abnormal posture and
hypoactivity in 10,000 ppm male and female mice.

Blood urea nitrogen concentrations of 5,000 ppm females
and 10,000 ppm males and females were greater than
those of controls. Also, urine specific gravity was lower in
10,000 ppm females.

Differences in organ weights generally followed those in
body weights.

Papillary necrosis, renal tubule regeneration, and fibrosis
were observed in the kidneys of 2,500 and 5,000 ppm
males and 10,000 ppm males and females.

Urinary bladder hyperplasia was observed in 5,000 and
10,000 ppm males and females.

Test substance: FR-1138® technical
grade (78.6% pure according to
IARC (2000); no information in the
article). As the feed study is
included in the NTP (1996) report,
the composition of the test
substance for gavage
administration is probably the same
as for the feed study

Sub-chronic repeated dose toxicity
study

Test substance administered in the
feed or by gavage (in corn oil, 5
days a week) for 13 weeks

F344/N rats (10 per sex per group)
Gavage: 0, 50, 100, 200, 400, 800
mg/kg bw

Feed: 0, 1,250, 2,500, 5,000,
10,000, 20,000 ppm
(corresponding to approximately O,
100, 200, 400, 800, 1700 mg/kg
bw/day for males and 0, 100, 200,
400, 800, 1600 mg/kg bw/day for
females)

B6C3F1 mice (10 per sex per group)
Gavage: 0, 25, 50, 100, 200, 400
mg/kg bw

Feed: 0, 625, 1,250, 2,500, 5,000,
10,000 ppm (corresponding to

Rats — test substance administered by gavage:

2/10 high-dose males died during the study.
Dose-related clinical signs of toxicity included inactivity
or lethargy after dosing at 400 and 800 mg/kg in males
and females.

Final mean body weights of 800 mg/kg bw males and
females were significantly lower than those of the
controls.

Renal papillary degeneration was present in 800 mg/kg
bw males.

Hyperplasia of the urinary bladder was present in 40 and
800 mg/kg bw males.

Mice — test substance administered by gavage:

3/10 high-dose males died during the study.
Dose-related clinical signs of toxicity included inactivity
or lethargy after dosing at 400 mg/kg in males and
females.

Final mean body weights of 200 and 400 mg/kg bw
males and of 400 mg/kg bw females were significantly
lower than those of the controls.

Papillary necrosis and renal tubule regeneration were
observed in the kidneys of 200 (renal tubule
regeneration) and 400 mg/kg bw males, and renal tubule
regeneration in the kidneys of 400 mg/kg bw females.
Urinary bladder hyperplasia was observed in 200 and
400 mg/kg bw males and in 400 mg/kg bw females.

Rats and mice - test substance administered in the feed:
See previous reference as the feed study is included in the
NTP (1996) report.

Elwell et al. (1989)
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approximately 0, 100, 200, 500,
1300, 3000 mg/kg bw/day for
males and 0, 140, 300, 600, 1200,
2900 mg/kg bw/day for females)

Test substance: FR-1138® (with a
composition of 80% 2,2-
bis(bromomethyl)propane-1,3-diol,
8% 2,2’-bis(bromomethyl)-1-
bromo-3-hydroxypropane and

6% 2,2-bis(hydroxymethyl)-1-
bromo-3-hydroxypropane)

Combined repeated dose and
carcinogenicity study

Test substance in the feed for 2
years

Sprague-Dawley rats (49-50 per sex
per dose): 0, 5, 100 mg/kg bw/day

Survival was not significantly different among the groups;
most rats died or were killed at between 17 and 24
months.

100 mg/kg bw/day:

Slight reduction in body weight was noted in males.
Slight increase in bromide content was noted in the
tissues.

Degenerative changes were noted in the liver, eye and
possibly thyroid gland.

No treatment-related effects on tumour incidence were
noted.

5 mg/kg bw/day:
Marginal increase in bromide content of some tissues was
noted, with most values in the same range as the controls.

Keyes et al. (1980)

Test substance: FR-1138® technical
grade (with a composition of 78.6%
2,2-bis(bromomethyl)- propane-
1,3-diol, 6.6% 2,2-
bis(hydroxymethyl)-1-bromo-3-
hydroxypropane, 6.9% 2,2-
bis(bromomethyl)-1-bromo-3-
hydroxypropane, 0.2%
pentaerythritol and 7.7% dimers
and structural isomers)

Combined repeated dose and
carcinogenicity study

Test substance administered in the
feed for 2 years (104-105 weeks)

F344/N rats (60 per sex per group):
0, 2,500, 5,000, 10,000 ppm -
‘continuous exposure’
(corresponding to approximately O,
100, 200, 430 mg/kg bw/day for
males and 0, 115, 230, 460 mg/kg
bw/day for females)

An additional group of 70 male rats
received 20,000 ppm
(corresponding to approximately
800 mg/kg bw/day) for three
months and which animals received
un-dosed feed for the remainder of

Rats:

Survival of 5,000 and 10,000 ppm ‘continuous-exposure’
males and females and 20,000 ppm ‘stop-exposure’
males was significantly lower than that of the controls.
Mean body weights of exposed male and female rats
receiving 10,000 ppm and ‘stop-exposure’ males
receiving 20,000 ppm were lower than those of the
controls throughout most of the study.

In the ‘continuous-exposure’ study, feed consumption by
exposed rats was generally similar to that by controls
throughout the study; in 20,000 ppm ‘stop-exposure’
males, the feed consumption was lower than that by
controls.

Clinical findings included skin and/or subcutaneous
masses on the face, tail, and the ventral and dorsal
surfaces of exposed rats.

In males, neoplastic effects were observed in the skin,
mammary gland, Zymbal gland, oral cavity, esophagus,
forestomach, small and large intestines, mesothelium,
urinary bladder, lung, thyroid gland, hematopoietic
system, and seminal vesicle.

Non-neoplastic effects in the kidney, lung, thyroid gland,
seminal vesicle, pancreas, urinary bladder, and
forestomach were also observed.

In females, neoplastic effects were observed in the oral
cavity, esophagus, mammary gland, and thyroid gland.

Non-neoplastic effects in the kidney were also observed.

Mice:

NTP (1996),
Dunnick et al.
(1997)
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the 2-year study period (21 months)
- ‘stop-exposure’

Ten animals from the male control
group and the 20,000 ppm ‘stop-
exposure’ were evaluated at 3
months; nine or 10 control animals
and five to nine animals from each
of the ‘continuous-exposure’ were
evaluated at 15 months.

B6C3F1 mice (60 per sex per
group): 0, 312, 625, 1,250 ppm
(corresponding to approximately O,
35, 70, 140 mg/kg bw/day for males
and 0, 40, 80, 170 mg/kg bw/day
for females)

Eight to 10 animals from each
group were evaluated at 15 months

Survival of 1,250 ppm males and females was significantly
lower than that of the controls.

Clinical findings included tissue masses involving the eye
in exposed mice.

In males, neoplastic effects were observed in the
Harderian gland, lung, and kidney.

In females, neoplastic effects were observed in the
Harderian gland, lung, and skin.
Non-neoplastic effects in the lung were also observed.

2,3-Dibromo-1-propanol (2,3-DBPA) (CAS RN 96-13-9)

Test substance: 2,3-DBPA (98% Rats: NTP (1993)
pure) One male and one female receiving 750 mg/kg bw died
before the end of the study.
Sub-acute repeated dose toxicity The mean body weight gains and final mean body weights
study of dosed rats were similar to those of the controls.
There were no clinical findings or gross lesions associated
Test substance administered by with chemical application.
dermal application (in 95% ethanol,
5 days a week) for 16 days Mice:
Four males and one female receiving 750 mg/kg bw died
F344/N rats, B6C3F1 mice, (5 per before the end of the study.
sex per group): 0, 44, 88, 177, 375, The mean body weight gains and final mean body weights
750 mg/kg bw of dosed mice were similar to those of the controls.
There were no clinical findings or gross lesions associated
with chemical application.
Test substance: 2,3-DBPA (98% Rats: NTP (1993)

pure)

Sub-chronic repeated dose toxicity
study

Test substance administered by
dermal application (in 95% ethanol,
5 days a week) for 13 weeks

F344/N rats, B6C3F1 mice, (10 per
sex per group): 0, 44, 88, 177, 375,
750 mg/kg bw

All rats survived until the end of the study.

The mean body weight gain for rats in the 750 mg/kg bw
group was lower than that of the controls.

The mean absolute and relative liver weights were
increased in males receiving 375 or 750 mg/kg bw and of
females receiving 750 mg/kg bw.

Chemical-related lesions occurred in the kidney of male
rats and in the liver of female rats. The average severity of
nephropathy was slightly increased in males receiving
750 mg/kg bw, and individual cell necrosis was observed
in the liver of all female rats in the 750 mg/kg bw group.

Mice:
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Eight male mice receiving 750 mg/kg bw died during the
study, while all female mice survived.

The final mean body weights of dosed and control mice
were similar.

The mean absolute and relative liver weights were
increased in males receiving 375 or 750 mg/kg bw and of
females receiving 750 mg/kg bw.

Chemical-related lesions occurred in the liver and lung of
mice. Centrilobular hepatocellular necrosis occurred in all
males in the 750 mg/kg bw group that died during the
study, while individual cell necrosis was observed in the
liver of females receiving 177, 375, or 750 mg/kg bw.
Pleomorphism of the epithelium in pulmonary
bronchioles occurred with a dose-related increased
incidence in males and females. Necrosis of the
bronchiolar epithelium was observed in males receiving
750 mg/kg bw.

Test substance: 2,3-DBPA (98%
pure)

Combined repeated dose and
carcinogenicity study

Test substance administered by
dermal application (in 95% ethanol,
5 days a week) for 48-51 weeks
(male rats), 52-55 weeks (female
rats), 36-39 weeks (male mice), and
39-42 weeks (female mice)

F344/N rats (50 per sex per group):
0, 188, 375 mg/kg bw

B6C3F1 mice (50 per sex per
group): 0, 88, 177 mg/kg bw

Rats:

The survival of 375 mg/kg bw male and female rats was
significantly lower than that of the controls (males:
50/50, 41/50, 16/50; females: 48/50, 38/50, 24/50).
The final mean body weight was lower than that of the
controls in the 375 mg/kg bw group.

In male rats, the incidences of neoplasms of the skin,
nose, Zymbal gland, oral cavity, esophagus, and small and
large intestines were significantly increased in the low-
and high-dose groups, while the incidences of neoplasms
of the forestomach and liver were significantly increased
only in the high-dose group. Neoplasms of the kidney,
vascular neoplasms of the spleen, and mesotheliomas in
males occurred with a significant positive trend.

In female rats, the incidences of benign or malignant
neoplasms of the nose, Zymbal gland, oral cavity,
esophagus, large intestine, and liver were significantly
increased in the low- and high-dose groups, while the
incidences of neoplasms of the skin, forestomach, small
intestine, mammary gland, and clitoral gland were
significantly increased in the high-dose group only.
Neoplasms of the kidney in females occurred with a
significant positive trend.

Non-neoplastic lesions included increased incidences of
hyperkeratosis in the skin, forestomach, and esophagus,
epithelial dysplasia in the nose, pleomorphism and
basophilic and clear cell changes in the liver, and nuclear
enlargement in the kidney. There were also chemical-
related increases in the incidences of forestomach ulcers
and acanthosis, angiectasis in the liver, and renal
hyperplasia in male rats and epithelial dysplasia of the
forestomach and bileduct hyperplasia in the liver in
female rats.

Mice:

NTP (1993)

64 Category approach for selected brominated flame retardants




All mice (except two low-dose females) survived until
study termination.

In male and female mice, the incidences of benign or
malignant neoplasms of the forestomach were
significantly increased in the low- and high-dose groups,
while the incidences of neoplasms of the skin were
significantly increased only in the high-dose groups. The
incidences of liver and lung neoplasms were increased in
high-dose males.

Non-neoplastic lesions included increased incidences of
hyperplasia in the skin, epithelial dysplasia of the
forestomach, and bronchiolar epithelial pleomorphism
and hyperplasia in male and female mice and in the
incidence of eosinophilic cytoplasmic change in the liver
in males.

2,2-Bis-(bromomethyl)-3-bromo-1-propanol (TBNPA) (CAS RN 36483-57-5)

Test substance: 2,2-
Dimethylpropan-1-ol, tribromo
derivative (98.4% pure)

Sub-acute repeated dose toxicity
study

Test substance administered by
gavage (in corn oil) daily for 14 days
(except high-dose males, 4
consecutive days)

Crl:CD(SD) rats (5 per sex per
group): 0, 100, 300, 1000 mg/kg
bw/day

All males receiving 1000 mg/kg bw/day were killed for
welfare reasons on day 4 of treatment. Clinical signs
included abnormal gait, unresponsive, underactive, flat
posture, prostrate posture and high levels of urine
staining. Macroscopic examination revealed abnormal
contents and pallor of the jejunum in 3/5 animals.

Clinical signs in females revealed urine staining during
the treatment period in 3/5 animals at 1000 mg/kg

bw/day.

No other treatment-related findings were noted.

Study report — cited
from REACH
Registration
Dossier Database

Test substance: 2,2-
Dimethylpropan-1-ol, tribromo
derivative (98.4% pure)

Sub-acute repeated dose toxicity
study

Test substance administered in feed
for 30 days

Sprague-Dawley rats (5 per sex per
group): 0, 10, 30, 100, 300 mg/kg
bw/day

A decrease in serum glutamic pyruvic transaminase
(SPGT) was noted at 100 and 300 mg/kg bw/day, and an
increase in blood urea nitrogen (BUN) was noted in males
at 300 mg/kg bw/day.

Renal tubular damage and generalized hyperplasia of the
mucosal lining of the urinary bladder were observed in
males at 100 and 300 mg/kg bw/day.

Study report — cited
from REACH
Registration
Dossier Database

TABLE 5. STUDIES ON REPEATED DOSE TOXICITY AND CARCINOGENICITY
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In the repeated dose toxicity and carcinogenicity studies summarised in Table 5, several possible
target organs and tissues were identified. The findings are summarised in Table 6 and further
detailed in the following sections.

Target organ 3296-90-0 36483-57-5
Liver Lesions / necrosis/  Degeneration / -
neoplasms neoplasms

Urinary bladder Hyperplasia Hyperplasia / Hyperplasia
neoplasms

Esophagus Neoplasms / non- Neoplasms -
neoplastic changes

Intestines, small and Neoplasms Neoplasms -
large

Spleen Neoplasms - -

Pancreas - Neoplasms / non- -
neoplastic changes

Clitoral gland Neoplasms - -

Nose Neoplasms / non- - -
neoplastic changes

Skin Neoplasms / non- Neoplasms -
neoplastic changes

Harderian gland - Neoplasms -

Mesothelium Increased incidence  Increased incidence -

TABLE 6. POSSIBLE TARGET ORGANS IN RATS AND MICE

(o]
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4.2.1 Liver

4.2.1.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

In the two-year NTP study with administration of technical grade FR-1138® containing 78.6% of
DBNPG in the diet to rats and mice (NTP 1996), there were treatment-related increased incidences
of neoplasms in the liver.

In the two-year study with administration of technical grade FR-1138® containing 80% of DBNPG
(CAS RN 3296-90-0) in the diet to rats (Keyes et al. 1980), degenerative changes in the liver
(increased centrilobular homogeneity of the hepatocellular cytoplasm) were observed.

4.2.1.2 2,3-Dibromo-1-propanol (2,3-DBPA) (CAS RN 96-13-9)

In the 13-week studies with administration of 2,3-DBPA to rats and mice by dermal application
(NTP 1993), liver lesions were observed in female rats and male and female mice.

Male mice were more sensitive to the acute toxic effects of this chemical than were rats or female
mice. Eight of 10 male mice receiving dermal applications of 750 mg/kg bw died during the 13-week
study, but there were no deaths in rats or female mice receiving up to 750 mg/kg bw 2,3-dibromo-I-
propanol for 13weeks. Male mice dying as a result of treatment with 2,3-dibromo-I-propanol had
generalized centrilobular necrosis of the liver.

In contrast to male mice, female mice and female rats receiving dermal applications of 750 mg/kg
2,3- dibromo-1-propanol exhibited slight individual cell necrosis in the liver.

In the 2-year studies with administration of 2,3-DBPA to rats and mice by dermal application (NTP
1993), there was a significantly increased incidence of neoplasms in the liver of male and female
rats and in the liver of male mice.

4.2.2 Kidney and urinary bladder

4.2.2.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

In both 13-week studies with administration of technical grade FR-1138® containing 78.6% of
DBNPG to rats and mice by gavage or in the diet (NTP 1996, Elwell et al. 1989), treatment-related
lesions were limited to the kidney (papillary degeneration and necrosis) and urinary bladder
(hyperplasia of the transitional-cell epithelium) of treated rats and mice.

Mice were more sensitive than rats. Male rats and mice were more sensitive than females to the
development of renal papillary degeneration or necrosis. At similar dose levels, on a mg/kg bw
basis, treatment-related lesions in rats were similar in the gavage and feed studies. Lesions
developed at a slightly lower dose level in mice treated by gavage than in those given the test
substance in the diet.

In the two-year NTP study with administration of technical grade FR-1138® containing 78.6% of
DBNPG in the diet to rats (NTP 1996), non-neoplastic effects observed in the kidney of rats
included papillary degeneration, increases in the incidences of hyperplasia of the renal papilla
epithelium, hyperplasia of the transitional epithelium lining the renal pelvis and focal renal tubule
atrophy in male rats. In male rats, transitional-cell hyperplasia of the urinary bladder was also
present.

Neoplastic effects observed in the kidney of male rats included four renal tubule adenomas (one in
the 5,000 ppm group and three in the 10,000 ppm group). These neoplasms are uncommon in
males (mean: 2%) and may have been related to chemical administration. There was no evidence
for a carcinogenic response in the kidney of the female rat. (NTP 1996).

There were increased incidences of urinary bladder transitional cell neoplasms in male rats. These
incidences were low, but these neoplasms rarely occur in untreated animals (mean: 0.2%), and
these neoplasms were considered to be related to treatment. Only 10 chemicals studied by the NTP
have caused treatment-related urinary bladder neoplasms in male rats. It has been suggested that
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some of these chemicals caused the urinary bladder neoplasms by formation of calculi, subsequent
irritation, and tumour formation, but this does not appear to be the mechanism for the
development of urinary bladder neoplasms observed in the present study. The early occurrence of
transitional cell hyperplasia suggests that 2,2-bis(bromomethyl)-1,3-propanediol or its metabolites
have a direct toxic effect on the urinary bladder in male rats. (NTP 1996).

In the two-year NTP study with administration of technical grade FR-1138® containing 78.6% of
DBNPG in the diet to mice (NTP 1996), the toxicity observed in the urinary bladder and kidney of
mice in the 13-week study was not seen in this 2-year study. However, the highest dose in the 2-year
study (1,250 ppm) was below the level at which these lesions were seen in the 13-week study where
there was renal toxicity characterized by papillary necrosis and increased tubule regeneration.
Although the highest dose in the 2-year study was half the dose causing these lesions in the 13-week
study, there was a small increase in the incidence of renal tubule adenoma in male mice. In NTP
studies of approximately 450 chemicals, only seven other chemicals have been identified as causing
kidney neoplasms in the male mouse. Two of these were brominated chemicals
(bromodichloromethane and tris(2,3-dibromopropyl)phosphate). (NTP 1996).

In another two-year study with administration of technical grade FR-1138® containing 80% of
DBNPG in the diet to rats (Keyes et al. 1980), no effects in the kidney or urinary bladder were
reported.

4.2.2.2 2,3-Dibromo-1-propanol (2,3-DBPA) (CAS RN 96-13-9)

In the 13-week studies with administration of 2,3-DBPA to rats and mice by dermal application
(NTP 1993), there was a slight increase in the severity of nephropathy, primarily in the 750 mg/kg
bw group.

Although it is apparent that 2,3-DBPA has some effect on the kidneys, these findings confirm
previous studies indicating that 2,3-dibromo-I-propanol is not the primary metabolite responsible
for the acute renal tubule necrosis associated with the administration of tris(2,3-dibromopropy!l)
phosphate to rats. Chemical-induced nephrotoxicity in rats and mice in NTP studies has been
associated with exposure to many short-chain halogenated hydrocarbons, but no consistent sex- or
species-related differences in response were found. In general, however, rats seem to be more
susceptible to the nephrotoxic effects of these compounds than mice, and male rats appear to be
more susceptible than female rats. (NTP 1993).

In the 2-year study with administration of 2,3-DBPA to rats by dermal application (NTP 1993),
there was a marginally increased incidence of neoplasms in the kidney of male and female rats.

4.2.2.3 2,2-Bis-(bromomethyl)-3-bromo-1-propanol (TBNPA) (CAS RN 36483-57-5)
Non-neoplastic changes were observed in the kidney and urinary bladder

In the 30-day study with administration of TBNPA to rats by gavage (study report, cited from the

REACH Registration Dossier Database), renal tubular damage and generalized hyperplasia of the
mucosal lining of the urinary bladder were observed in male rats.
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4.2.3 Oral cavity, esophagus, forestomach, and small and large intestines

4.2.3.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

In the two-year NTP study with administration of technical grade FR-1138® containing 78.6% of
DBNPG in the diet to rats and mice (NTP 1996), there were treatment-related increased incidences
of squamous cell neoplasms in the oral cavity (tongue and pharynx) and esophagus in male and
female rats. In addition, there were treatment-related squamous cell neoplasms of the forestomach
and adenoma and carcinoma of the small and large intestine in male rats.

Minimal increases in the incidences of neoplasms of the forestomach were seen in male and female
mice. There was no treatment-related increase in the incidence of hyperplasia of the forestomach
squamous epithelium. Because the number of forestomach neoplasms was within or just above the
historical control range, it was uncertain if this increase was related to treatment. (NTP 1996).

The presence of neoplasms in the gastrointestinal tract of exposed rats suggests that the chemical
may interact directly with the mucosal epithelium. Although the increased incidence in intestinal
neoplasms was limited to male rats, this effect was seen primarily in the ‘stop-exposure’ group,
which did not include females. Other brominated chemicals also cause intestinal neoplasms in rats
suggesting that these brominated chemicals may be acting by a similar mechanism. (NTP 1996).

Other chemicals which have been found to cause oral cavity neoplasms in rats are also genotoxic
chemicals. Rats are more susceptible than mice to the formation of oral cavity neoplasms, and oral
cavity neoplasms have previously been reported only in one NTP mouse study. Chemical-related
esophageal neoplasms have previously been observed in rats in only two other NTP studies. (NTP
1996).

4.2.3.2 2,3-Dibromo-1-propanol (2,3-DBPA) (CAS RN 96-13-9)

In the 2-year studies with administration of 2,3-DBPA to rats and mice by dermal application (NTP
1993), there was a significantly increased incidence of neoplasms in the oral mucosa, esophagus,
forestomach, and small and large intestine of male and female rats and in the forestomach of male
and female mice.

The pattern of neoplasm response in the stratified squamous epithelium of the upper
gastrointestinal tract of rats suggests that the chemical induction of neoplasms in the oral mucosa,
esophagus, and forestomach may be related to oral exposure through grooming behavior rather
than from dermal absorption. The incidences of squamous cell neoplasms and the proportion of
malignant to benign neoplasms decreased as the distance from the oral cavity increased. Of these
three sites, the incidence of squamous cell neoplasms and the proportion of carcinomas was highest
in the oral mucosa. The incidence of squamous cell neoplasms in the esophagus was intermediate
between those of the oral cavity and forestomach, and few carcinomas were observed. The lowest
incidence of neoplasms occurred in the forestomach, and no carcinomas were observed. (NTP
1993).

4.2.4 Hematopoietic system
4.2.4.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)
In the two-year NTP study with administration of technical grade FR-1138® containing 78.6% of

DBNPG in the diet to rats and mice (NTP 1996), the incidences of mononuclear cell leukemia in
treated male rats were significantly greater than that in the control group.
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4.2.5 Spleen

4.2.5.1 2,3-Dibromo-1-propanol (2,3-DBPA) (CAS RN 96-13-9)
In the 2-year study with administration of 2,3-DBPA to rats and mice by dermal application (NTP
1993), there was a marginally increased incidence of neoplasms in the spleen of male rats.

4.2.6 Thyroid gland

4.2.6.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

No histopathological changes in the thyroid gland were reported at any dose level in either rats or
mice following administration of FR-1138® containing 78.6% of DBNPG in the diet (NTP 1996,
Elwell et al. 1989) or by gavage (Elwell et al. 1989) for 13 weeks.

In the two-year NTP study with administration of technical grade FR-1138® containing 78.6% of
DBNPG in the diet to rats and mice (NTP 1996), the incidence of follicular cell adenoma or
carcinoma were significantly greater in the male and female rats.

The occurrence of these neoplasms in the absence of diffuse thyroid gland hyperplasia supports the
hypothesis that 2,2-bis(bromomethyl)-1,3- propanediol causes a direct thyroid response that is not
likely secondary to sustained high concentrations of thyroid stimulating hormone. (NTP 1996).

A statistically significant increase in the incidence of thyroid retention cyst formation was seen in
male rats administered 100 mg/kg bw/day FR-1138® containing 80% of DBNPG for 2 years (Keyes
et al. 1980). According to the authors, this effect may or may not have been treated-related as there
was no increase in follicular hypertrophy or hyperplasia.

The carcinogenic effect DBNPG was not thyroid specific, as the compound was also a clear
carcinogen in many other tissues in both rats and mice. Overall, it is concluded that DBNPG is not a
thyroid gland toxicant in mice and rats.

4.2.7 Pancreas

4.2.7.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

In the two-year NTP study with administration of technical grade FR-1138® containing 78.6% of
DBNPG (CAS RN 3296-90-0) in the diet to rats and mice (NTP 1996), a marginal increase in the
incidence of acinar cell adenoma of the pancreas was observed in exposed groups of male rats. Focal
acinar cell hyperplasia was significantly increased in all exposure groups.

Because there was no dose-related increase in the incidence of adenomas, and all incidences were
within the NTP historical control range, it was uncertain if these neoplasms were related to
treatment (NTP 1996).

4.2.8 Mammary gland

4.2.8.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

In the two-year NTP study with administration of technical grade FR-1138® containing 78.6% of
DBNPG (CAS RN 3296-90-0) in the diet to rats and mice (NTP 1996), the incidence of mammary
gland neoplasms was increased in rats. The treatment-related increase in mammary gland
fibroadenoma was greater in female than in male rats. However, there was a significant increase in
subcutaneous fibroma in exposed groups of male rats.

In exposed groups of female mice there were only four mammary gland carcinomas (one in the 625
ppm group and three in the 1,250 ppm group). Because the incidences for these neoplasms were
within the historical range, it was uncertain if the increase was related to chemical administration.
(NTP 1996).
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Other chemicals which have caused an increase in the incidences of mammary gland neoplasms in
female rats have also been associated with an increased incidence in fibroma, or a combination of
fibroma and fibroadenoma in male rats. The chemicals that cause mammary gland neoplasms in
rats are frequently genotoxic chemicals suggesting that genetic damage may contribute to this
neoplastic response. (NTP 1996).

4.2.8.2 2,3-Dibromo-1-propanol (2,3-DBPA) (CAS RN 96-13-9)

In the 2-year study with administration of 2,3-DBPA rats and mice by dermal application (NTP
1993), there was a significantly increased incidence of neoplasms in the mammary gland of female
rats.

4.2.9 Clitoral gland

4.2.9.1 2,3-Dibromo-1-propanol (2,3-DBPA) (CAS RN 96-13-9)
In the 2-year study with administration of 2,3-DBPA to rats and mice by dermal application (NTP
1993), there was a significantly increased incidence of neoplasms in the clitoral gland of female rats.

4.2.10 Seminal vesicle

4.2.10.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

In the two-year NTP study with administration of technical grade FR-1138® containing 78.6% of
DBNPG in the diet to rats and mice (NTP 1996), there was an adenoma and a carcinoma of the
seminal vesicle in the male ‘stop-exposure’ group.

The spontaneous development of these neoplasms is extremely rare in control rats, but treatment-
related increases in hyperplasia and neoplasms have been reported in other strains of rats. Because
of the rarity of these neoplasms in control rats and the presence of a dose-related increase in
hyperplasia, the neoplasms in the ‘stop-exposure’ group were considered to be related to treatment.
(NTP 1996).

4.2.11 Nose

4.2.11.1 2,3-Dibromo-1-propanol (2,3-DBPA) (CAS RN 96-13-9)

In the 2-year study with administration of 2,3-DBPA to rats and mice by dermal application (NTP
1993), there was a significantly increased incidence of neoplasms in the nose of male and female
rats.

Exposure by inhalation may have contributed to the induction of neoplasms of the nasal mucosa.

4.2.12 Lung

4.2.12.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

In the two-year NTP study with administration of technical grade FR-1138® containing 78.6% of
DBNPG in the diet to rats and mice (NTP 1996), the incidences of lung neoplasms were increased in
exposed in both species.

Lung neoplasms have been observed in mice (but not in rats) in several NTP studies with
halogenated hydrocarbons. It is not known why the mouse lung is particularly responsive to the
effects from these halogenated hydrocarbons, but this response could be due to differences in
metabolism between species. (NTP 1996).
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4.2.12.2 2,3-Dibromo-1-propanol (2,3-DBPA) (CAS RN 96-13-9)

In the 13-week study with administration of 2,3-DBPA to mice by dermal application (NTP 1993),
lung lesions were observed in both male and female mice.

Five of the eight male mice receiving 750 mg/kg bw that died during the 13-week study had necrosis
of the bronchial and bronchiolar epithelium, while males and females exhibited cytologic alterations
(pleomorphism) in the distal airway epithelium. Because there may have been some volatilization of
2,3-dibromo-I-propanol after dermal application, inhalation exposure in the group-housed mice
may have contributed to the lesions in the pulmonary airways. It is unknown why the
intrapulmonary airways were more sensitive to 2,3-DBPA than the nasal and tracheal epithelium,
but the secondary bronchi and bronchioles contain fewer goblet cells and a higher proportion of
Clara cells, which are known to contain microsomal cytochrome P-450. The differences in cell
population and in airflow pattern and velocity are thought to contribute to the regional specificity of
airway lesions caused by chemicals. (NTP 1993).

In the 2-year study with administration of 2,3-DBPA to mice by dermal application (NTP 1993),
there was a significantly increased incidence of neoplasms in the lung of male mice. A slight
increase in lung neoplasms in female mice may also have been chemical induced.

4.2.13 Skin and Zymbal gland

4.2.13.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

In the two-year NTP study with administration of technical grade FR-1138® containing 78.6% of
DBNPG in the diet to rats and mice (NTP 1996), the incidences of skin tumors in male rats were
significantly greater than those in the control group, and included increased incidences of
squamous cell papilloma, keratoacanthoma, basal cell adenoma, sebaceous gland adenoma, and
trichoepithelioma. There was also an increased incidence of neoplasms in the Zymbal gland (a
modified sebaceous gland) in male rats.

The Zymbal gland and skin are related epithelial tissues. Most of the chemicals inducing Zymbal
gland and skin neoplasms also caused neoplasms at other sites. These chemicals are generally
genotoxic in the Salmonella assay system, and chemically induced genetic damage is thought to be
the underlying mechanism for development of skin and Zymbal gland neoplasms. (NTP 1996).

Another study with 2,3-dibromo-I-propanol (CAS RN 96-13-9) has shown that genotoxic chemicals
administered orally can cause skin tumors in rats, and the incidence for these tumors is generally
greater in male rats than in female rats. The mechanism for this sex difference could not be
determined from this study but may be due, in part, to metabolic differences between the sexes.

4.2.13.2 2,3-Dibromo-1-propanol (2,3-DBPA) (CAS RN 96-13-9)

In the 2-year studies with administration of 2,3-DBPA to rats and mice by dermal application (NTP
1993), there was a significantly increased incidence of neoplasms in the skin and Zymbal gland of
male and female rats and in the skin of male and female mice.
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4.2.14 Harderian gland

4.2.14.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

In the two-year NTP study with administration of technical grade FR-1138® containing 78.6% of
DBNPG in the diet to rats and mice (NTP 1996), the incidences of Harderian gland neoplasms were
increased in male and female mice.

Other chemicals causing these neoplasms are usually multispecies/site carcinogens (NTP 1996).

4.2.15  Eye

4.2.15.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

In the two-year study with administration of technical grade FR-1138® containing 80% of DBNPG
in the diet to rats (Keyes et al. 1980), degenerative changes in the eye (bilateral diffuse opacity of the
lenses) were observed.

4.2.16 Mesothelioma

4.2.16.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

In the two-year NTP study with administration of technical grade FR-1138® containing 78.6% of
DBNPG in the diet to rats (NTP 1996), there was a treatment-related increased incidence of
mesothelioma in male rats.

Mesothelioma typically arises in the abdominal peritoneal cavity of F344 rats and is seen almost
exclusively in males. Treatment-related increases of mesothelioma observed in previous NTP
studies have also been in male rats. Other chemicals which have caused a marked increase in the
incidence of mesotheliomas in male rats have also caused increases in mammary gland neoplasms
in females, as is also the case for DBNPG (NTP 1996).

4.2.16.2 2,3-Dibromo-1-propanol (2,3-DBPA) (CAS RN 96-13-9)
In the 2-year study with administration of 2,3-DBPA to rats by dermal application (NTP 1993),
there was a marginally increased incidence of mesothelioma in male rats.

4.2.17 Other tumors

4.2.17.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

In the two-year NTP study with administration of technical grade FR-1138® containing 78.6% of
DBNPG in the diet to mice (NTP 1996), there was a significant increase in hemangiosarcoma and
hemangioma (combined) in the female 1,250 ppm group. Two of the hemangiosarcomas were in the
subcutis, which was also a site for treatment-related sarcomas in female mice. Since the combined
total number of neoplasms marginally exceeded the historical control range, it is uncertain if the
increase in the incidence of these neoplasms was related to treatment.
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4.3 Experimental studies on reproductive toxicity

Only one study examining reproductive toxicity was retrieved. This study was performed with the
substance, 2,2-bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0), see Table 7.

Continuous breeding At high dose: Gulati 1986.

RACB, Swiss CD-1 mice FO and F1: Reduced litter size, reduced dam Treinen 1989.
and pup body weight (also seen in crossover Bolon 1997.

0.1,0.2,0.4% in feed mating trial indicating a maternal effect) Lamb 1997.

(approximately 141, 274, FO: Reduced number of small follicles (Reviewed by

589 mg/kg bw) (primordial and primary). No effect on sperm Moorman 2000,
end points or vaginal cyclicity. Reduced body Beranger et al.,
weight and absolute weight of seminal vesicle 2012, Morrissey
and epididymis 1988a, 1988b,
F1: reduced pup body weight, relative liver 1989)

weight, absolute testis weight. Increased
prostate weight at middle dose Reduced sperm
density. No change in estrous cyclicity

At middle dose: :
F1: Reduced number of small follicles
(primordial and primary)

TABLE 7 STUDY ON REPRODUCTIVE TOXICITY

Overall, DBNPG is considered a reproductive toxicant with effects on the female reproductive
system (reduced number of small follicles (primordial and primary) in FO and F1 generation mice
and fewer and lighter offspring). Additionally, DBNPG may be a developmental toxicant with effects
on reproductive organs of male offspring.

As only data on one category member was retrieved, category members cannot be compared with
respect to this endpoint. Therefore, reproductive and developmental effects are not selected as a
critical health effect for the purpose of this project.

4.4 Experimental studies on toxicokinetics

Data on absorption, distribution, metabolism and excreting are available for one of the three
members of the category identified in the preliminary structural grouping, 2,2-bis(bromomethyl)-
1,3-propanediol (DBNPG) (CAS RN 3296-90-0).

After a single oral administration of 10 or 100 mg/kg bw, >80% of the low dose and 48% of the high
dose were excreted within 12 hours in the urine predominantly as a glucuronide metabolite. After
repeated daily oral doses for 5 or 10 days, route and rate of elimination were similar to those
obtained after single administrations of the substance. In all studies, the recovery in faeces was low
(<15%). The total amount of the substance remaining in tissues at 72 hours after a single oral
administration of 100 mg/kg bw was less than 1% of the dose, and repeated daily dosing did not
lead to retention in tissues. After iv administration, the amount of test substance found in blood
decreased rapidly; excretion profiles were similar to those after oral administration. The parent
compound and the glucuronide of the parent compound were present in blood plasma after oral or
iv dosing. After an iv dose of 15 mg/kg bw the hepatic glucuronide of the parent compound was
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primarily excreted into the bile (>50% within 6 hours), but it underwent enterohepatic recycling
with subsequent elimination in the urine. (Hoehle et al. 2009).

45 Studies of mode/mechanisms of action

45.1 Genotoxicity

4.5.1.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

A positive result was obtained in Salmonella typhimurium TA100 only when S9 from the liver of
Aroclor-induced male Syrian hamsters was used for metabolic activation at a concentration of 30%;
negative results were observed when rat liver S9 was used for metabolic activation, as well as with a
lover concentration of hamster liver S9 (10%). In other strains of Salomonella typhimurium, no
mutagenic activity was detected. (NTP 1996, IARC 2000b).

In cytogenetic tests with cultured Chinese hamster ovary cells, DBNPG did not induce sister
chromatid exchanges, with or without rat liver S9 (NTP 1996; the result was judged to be equivocal
by IARC 2000b), but a dose-related increase in chromosomal aberrations was observed in cultured
Chinese hamster ovary cells in the presence of rat liver SO (NTP 1996; only at doses that caused
significant cytotoxicity according to IARC 2000b). Both tests were conducted up to doses which
induced marked cytotoxicity. A majority of the breaks were located in the heterochromatic region of
the long arm of chromosome X, but the reasons for this are unclear (NTP 1996, IARC 2000b). Also,
the type of damage pattern seen with DBNPG (induction of chromosomal aberrations but not sister
chromatid exchanges) is unusual; most chemicals which induce chromosomal aberrations also
induce sister chromatid exchanges (NTP 1996).

DBNPG was also shown to be genotoxic in vivo. Significant increases in micronucleated
normochromatic erythrocytes were observed in peripheral blood samples obtained from male and
female mice exposed for 13 weeks via the diet (NTP 1996, IARC 2000b). However, in tests for
micronucleus formation in mouse bone marrow, results were positive for females but inconsistent
for males (routes of administration were different) (NTP 1996, IARC 2000b) and therefore, the
results were concluded to be equivocal (NTP 1996).

In conclusion, DBNPG was shown to be mutagenic/genotoxic in vitro and in vivo, inducing gene
mutations in Salmonella typhimurium strain TA100, chromosomal aberrations in cultured Chinese
hamster ovary cells, and micronuclei in peripheral erythrocytes of male and female mice. The in
vitro responses required the presence of a metabolic activation system.

4.5.1.2 2,3-Dibromo-1-propanol (2,3-DBPA) (CAS RN 96-13-9)

2,3-DBPA was mutagenic in several strains of Salmonella typhimurium both in the presence and in
the absence of exogenous metabolic systems. It also gave positive results in the mouse lymphoma
assay in the absence of S9 activation; it was not tested with S9. Increases in sister chromatid
exchanges and chromosomal aberrations were induced in cultured Chinese hamster ovary cells both
with and without rat liver S9. 2,3-DBPA induced significant increases in sex-linked recessive lethal
mutations and reciprocal translocations in male germ cells of Drosophila melanogaster. However,
the substance did not increase the frequency of micronucleated polychromatic erythrocytes in the
bone marrow in male mice. (NTP 1993, IARC 2000a).

4.5.1.3 2,2-Bis-(bromomethyl)-3-bromo-1-propanol (TBNPA) (CAS RN 36483-57-5)
TBNPA showed no evidence of mutagenic activity in the absence or presence of rat liver S9, but
showed a clear evidence of mutagenic activity in strains Tal00 and TA1535 in the presence of
hamster liver S9. It also gave positive results in the mouse lymphoma assay in the presence of rat
liver S9. Increases in chromosomal aberrations were induced in cultured peripheral human
lymphocytes in the presence of metabolic activation, and at the highest test substance concentration
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in the absence of metabolic activation. The substance did not induce any marked or significant
increases in the incidence of cells undergoing unscheduled DNA synthesis in isolated rat liver cells
following in vivo exposure and therefore, the substance was considered to be non-genotoxic in this
study. Furthermore, the substance did not increase the frequency of micronucleated polychromatic
erythrocytes in the bone marrow in mice. (Study reports, cited from the REACH Registration
Dossier Database).

4.5.2 Endocrine activity
No data regarding an endocrine activity of the members of the category of brominated flame
retardants selected for this phase have been located in the literature search.

Several brominated flame retardants have been shown to cause adverse effects in the thyroid gland
secondary to interference with the thyroid hormones. Exposure to 2,2-bis(bromomethyl)-1,3-
propanediol (DBNPG) for 2 years caused neoplasms of the thyroid gland in male and female rats.
The occurrence of these neoplasms in the absence of diffuse thyroid gland hyperplasia supports the
hypothesis that 2,2-bis(bromomethyl)-1,3- propanediol causes a direct thyroid response that is not
likely secondary to sustained high concentrations of thyroid stimulating hormone (NTP 1996).

4.6 Identification of critical effect(s)

Relevant experimental data on human health effects were retrieved for three of the 25 members of
the category of brominated flame retardants selected for this phase, i.e. for the three members of
the category identified in the preliminary structural grouping, 2,3-DBPA (CAS RN 96-13-9),
DBNPG (CAS RN 3296-90-0) and TBNPA (CAS RN 36483-57-5). No relevant experimental data
were retrieved for the 22 new members of the category with a CAS RN assigned and identified in the
definition of the category.

4.6.1 2,2-Bis(bromomethyl)-1,3-propanediol (DBNPG) (CAS RN 3296-90-0)

In the two-year NTP studies with administration of technical grade FR-1138® containing 78.6% of
DBNPG in the diet to rats and mice (NTP 1996), significant dose-related increases in the incidences
of neoplasms were observed at numerous sites in male and female rats and, to a lesser extent, in
mice. Thus, these studies show that this flame retardant is a multi-site, multispecies carcinogen
(NTP 1996).

DBNPG, as well as other brominated chemicals have been shown to be genotoxic in a spectrum of
tests. It is hypothesized that the carcinogenic activity of brominated chemicals is due to genotoxic
mechanisms (NTP 1996).

Based on the findings from the stop-exposure study with DBNPG in male rats, genetic damage
appears to occur within the first few months of exposure. This genetic damage is irreversible, and
neoplasms develop in the absence of a toxic response. (NTP 1996)

Of the 11 aliphatic and three aromatic brominated chemicals studied by the NTP in 2-year rodent
studies, 13 of 14 chemicals were carcinogenic (NTP 1996).

It would be expected that C-Br bonds in DBNPG would be cleaved more readily than C-Cl bonds in
halogenated compounds because of a lower bond energy (bond strengths: C-Cl, 95 kCal; C-Br, 67
kCal). Once the C-Br bond is broken, a free radical is available that can participate in various
chemical reactions. It has been shown that eosinophils contain a lysosomal peroxidase that oxidizes
halides to highly reactive and toxic hypohalous acids. Even though chloride is found at 1,000 times
the concentration of bromide, the eosinophils used bromide preferentially to form the
hypobromous acid. Bromide was shown to bind more readily to cellular proteins and
macromolecules than other halide ions. (NTP 1996).

Two hypotheses for the carcinogenic activity of brominated chemicals are: 1) bromine causes
oxidative damage to DNA and other cellular constituents and 2) the C-Br bond is broken and the
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remaining carbon-containing electrophilic group forms DNA adducts with subsequent DNA damage
(NTP 1996).

Studies with potassium bromate have shown that this chemical administered in drinking water at
250 or 500 ppm to F344 rats caused renal and intestinal neoplasms in male and female rats and
mesotheliomas of the peritoneum in male rats. Following oral administration of potassium bromate
a significant increase of 8-hydroxydeoxyguanosine was observed in DNA. 8-
Hydroxydeoxyguanosine is one of the DNA-damage products formed by oxygen radicals, and this is
thought to be one of the DNA lesions involved in potassium bromate carcinogenesis. (NTP 1996).

Common sites for carcinogenic activity from the brominated chemicals studied by the NTP include
oral cavity, forestomach, intestine, lung, and kidney. Treatment-related lesions are generally not
seen at these sites early in the study, but develop with time. In the DBNPG ‘stop-exposure’ study,
neoplasm development in the male rat required only 3 months of exposure, and while lesions were
not seen in the target organ at the end of this 3-month exposure period, the essential damage to the
cell had been done, and carcinogenic lesions developed with time. (NTP 1996).

Non-neoplastic lesions were observed in the pancreas, seminal vesicles, thyroid gland, lung, kidney,
and urinary bladder in male rats; in the kidney of female rats; and in the lung of female mice. A
carcinogenic response was observed in some of these organs; however, there were many sites where
a carcinogenic response was observed in the absence of non-neoplastic lesions. (NTP 1996).

DBNPG is classified (notified classification): Muta. 1B H340 / Muta. 2 H341; Carc. 1B H350 / Carc.
2 H351.

In conclusion, the critical effect of DBNPG is considered to be the multi-site, multispecies
carcinogenic effect, most probably caused by a genotoxic metabolite of the parent compound, as the
in vitro mutagenic/genotoxic responses were shown to require the presence of a metabolic
activation system.

4.6.2 2,3-Dibromo-1-propanol (2,3-DBPA) (CAS RN 96-13-9)

In the two-year NTP studies with administration of 2,3-DBPA by dermal application to rats and
mice (NTP 1993), caused significant dose-related increases in the incidences of neoplasms at
numerous sites in male and female rats and, to a lesser extent, in mice.

The results of these studies showed that 2,3-DBPA is a multiple-organ carcinogen in rats and mice,
as are its parent compound tris(2,3-dibromo-propyl)phosphate and the structurally related
halogenated three-carbon 1,2-dibromo-3-chloropropane compounds, 1,2-dibromo-3-
chloropropane, 1,2-dichloropropane and 1,3-dichloropropene. However, the number of sites
affected by the dermal application of 2,3-DBPA was greater than the number of sites affected by the
dosed feed or gavage administration of tris(2,3-dibromopropyl)phosphate and other three-carbon
halogenated compounds. Although differences in dose level, strains of animals, route of
administration, and duration of dose employed in the various studies could have contributed to the
variation in response to these chemicals, the results suggest that 2,3-DBPA is the most potent
carcinogen of these chemicals. (NTP 1993).

Among the short-chain hydrocarbons, including the halogenated hydrocarbons, are chemicals that
are direct-acting carcinogens, such as epoxides and halo ethers, and others that are considered
indirect-acting carcinogens, which require metabolic activation to the ultimate carcinogen in tissues
such as the liver, stomach, lung, or kidney.

Epoxide intermediates are demonstrated metabolites of trichloroethylene (epoxy-1,1,2-
trichloroethane), allyl chloride (epichlorohydrin and glycidaldehyde), and 1,2-dibromo-3-chloro-
propane (1,1-epoxypropane). 2,3-Dibromo-I-propanol is a direct-acting mutagen, producing gene
mutations in Salmonella typhimurium and gene mutation and chromosomal damage in cultured
mammalian cells. It also produced sex-linked recessive lethal mutations and reciprocal
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translocations in germ cells of Drosophila melanogaster. Moreover, the metabolism of 2,3-DBPA
also appears to involve the formation of reactive intermediates including 2-bromoacrolein, 2,3-
dibromopropanal, and 3-bromo-1,2-propaneepoxide. The first two inter-mediates are direct
mutagens in Salmonella typhimurium and are potent inducers of DNA single-strand breaks in rat
hepatoma cells. This mutagenic and chemical profile is consistent with the pattern of carcinogenic
activity observed in these studies, that is, the induction of an early onset of neoplasms at multiple
sites. (NTP 1993).

2,3-DBPA is classified (harmonised classification): Carc. 1B H350.

In conclusion, the critical effect of 2,3-DBPA is considered to be the multi-site, multispecies
carcinogenic effect, most probably caused by a direct genotoxic action of the parent compound, as
the in vitro mutagenic/genotoxic responses were shown both in the absence and the presence of a
metabolic activation system.

4.6.3 2,2-Bis-(bromomethyl)-3-bromo-1-propanol (TBNPA) (CAS RN 36483-57-5)
The available repeated dose toxicity studies on TBNPA include a 14-day and a 30-day study. No
target organs were identified in the 14-day study. In the 30-day study, kidney and urinary bladder
were identified as target organs with renal tubular damage observed in the kidney and generalized
hyperplasia in the urinary bladder.

Whether TBNPA has carcinogenic properties cannot be evaluated based on the available data as no
long-term studies have been located.

TBNPA showed mutagenic/genotoxic activity in vitro in the presence of a metabolic activation
system.

TBNPA is classified (notified classification): Muta. 1B H340 / Muta. 2 H341; Carc. 1B H350.

In conclusion, the critical effect of TBNPA is considered to be a possible carcinogenic effect, most
probably caused by a genotoxic metabolite of the parent compound, as the in vitro
mutagenic/genotoxic responses were shown to require the presence of a metabolic activation
system.

4.6.4 Conclusion on the critical effect, experimental studies

Based on the findings in the two 2-year NTP studies with 2,3-dibromo-I-propanol (2,3-DBPA) (NTP
1993) and 2,2-bis(bromomethyl)-1,3-propanediol (DBNPG) (NTP 1996), as well as the discussion
on the underlying mode / mechanism(s) of action for the carcinogenic effect of these two
brominated flame retardants provided in the NTP reports (NTP 1996, 1993), and the
harmonized/notified classification(s), the critical effect of these two brominated flame retardants is
the multiple-organ carcinogenic effect, most probably exerted by a genotoxic mode of action either
by the parent compound itself (2,3-DBPA) or by a metabolite of the parent compound (DBNPG).

Supportive evidence for the critical effect of the brominated flame retardants in the category of
small linear and branched alkyl alcohols being the carcinogenic effect (most probably exerted by a
genotoxic action) comes from the limited available data, as well as the classification (notified) on
the third member of the category identified in the preliminary structural grouping, 2,2-bis-
(bromomethyl)-3-bromo-1-propanol (TBNPA).

Furthermore, the notified classification (Carc. 2 H351) for one of the new members identified in the
definition of the category, 1,3-dibromo-2-propanol also supports that the critical effect of the
brominated flame retardants in the category of small linear and branched alkyl alcohols is the
carcinogenic effect.
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5. Category approach for
read-across

The category of small brominated linear and branched alkyl alcohols was a priori defined as
chemical structures very similar to the three members identified in the preliminary structural
grouping. The category was thus limited to 61 substances with 3-5 carbons, 2-3 bromine atoms and
1-2 alcohol groups.

A literature search was performed for the 25 category members with a CAS RN assigned. Relevant
experimental data on human health effects were only retrieved for two of the members (2,3-DBPA
and DBNPG). For a third member (TBNPA), relevant data were retrieved from the REACH
registration dossier. No relevant experimental data were retrieved for the remaining members. The
61 category members were predicted in a number of human health related (Q)SAR models and in a
number of OECD (Q)SAR Application Toolbox profilers.

An experimental study on toxicokinetics is available for DBNPG. After a single oral administration
of 10 or 100 mg/kg bw, more than 80% of the low dose and 48% of the high dose were excreted
within 12 hours in the urine predominantly as a glucuronide metabolite. This indicates that the
substance is moderately to highly bioavailable following oral administration depending on the dose
level. Toxicokinetic studies were not retrieved for the remaining category members. However, all
category members were predicted to be bioavailable according to Lipinski’s rule-of-five and were
predicted by (Q)SAR to have high human intestinal absorption.

Based on the findings in the 2-year NTP studies with 2,3-DBPA (NTP 1993) and DBNPG (NTP
1996), as well as the discussion on the underlying mode/mechanisms of action for the carcinogenic
effect of these two brominated flame retardants provided in the NTP reports (NTP 1996, 1993), and
harmonised/notified classification(s), the critical effect of these two brominated flame retardants is
the multiple-organ carcinogenic effect, most probably exerted by a genotoxic mode of action either
by the parent compound itself (2,3-DBPA) or by a metabolite of the parent compound (DBNPG).

A comparison of the potency between the two substances could not be performed based on the
available data. One reason is that tumours were observed at all dose levels for both substances.
Another reason is that two different administration routes were used in the two studies, i.e., oral
administration for DBNPG and dermal administration for 2,3-DBPA, and toxicokinetic information
was only available for one of the substances (DBNPG).

The available experimental data and a notified classification (Muta. 1B H340 / Muta. 2 H341, Carc.
1B H350) for TBNPA, as well as a notified classification (Carc. 2 H351) for 1,3-DBPA indicate that
the critical effect for these two substances may also be the carcinogenic effect.

An information matrix for the four source substances DBNPG, TBNPA, 2,3-DBPA and 1,3-DBPA
covering the experimental data, harmonised/notified classifications, the (Q)SAR predictions and
the identified OECD (Q)SAR Application Toolbox profiler alerts is presented in Appendix 9.
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Experimental data on genotoxicity for DBNPG, TBNPA and 2,3-DBPA indicate both similarities and
differences between these three substances. All three substances were positive in the Ames test in
some Salmonella typhimurium strains. Two of the substances (2,3-DBPA and TBNPA) gave
positive results in the in vitro mouse lymphoma assay. Two of the substances (DBNPG and 2,3-
DBPA) increased chromosomal aberrations in cultured CHO cells, and one substance (TBNPA)
increased chromosomal aberrations in cultured peripheral human lymphocytes. One substance
(2,3-DBPA) increased sister chromatid exchanges in cultured CHO cells. Two substances (2,3-
DBPA and TBNPA) were negative in the in vivo mouse micronucleus bone marrow study while
DBNPG gave equivocal results for induction of micronuclei in the bone marrow of mice, but positive
results in the peripheral blood samples. In general, DBNPG and TBNPA required metabolic
activation in the in vitro assays whereas 2,3-DBPA was positive also in the absence of metabolic
activation.

The (Q)SAR predictions for carcinogenic and mutagenic/genotoxic properties for the category of
small linear and branched brominated alkyl alcohols indicate that all the 61 members have a
carcinogenic potential with a possible mutagenic/genotoxic mode of action with all members being
predicted positive in the CU FDA RCA overall cancer call and in the CU Ames model. The estimated
specificities of the applied (Q)SAR models as established by leave-many-out cross-validations are
between 85.9% and 95.1%, i.e. the overall false positive rates of the models are around 5%- 14%.

A number of profilers of relevance for mutagenicity/genotoxicity and cancer were applied using the
OECD (Q)SAR Application Toolbox. The profilers identified a number of structural alerts in the
parent compound and/or in metabolites. This could indicate that all members share the same
mutagenic/genotoxic mode of action, but also that there may be variations in their possible
mechanisms of action. Some alerts were identified in fewer members and/or their metabolites while
others were identified in many or all of the members and/or their metabolites.

One alert was identified in all 61 members of the category, namely the “aliphatic halogen” in the ISS
profilers for in vitro mutagenicity (Ames test), in vivo mutagenicity (micronucleus) and
carcinogenicity (genotoxic and non-genotoxic mode of action). According to the Toolbox alert
explanation some aliphatic halogens may be direct alkylating agents while metabolic activation may
play a role for others, where one proposed mechanism is that cytochrome P450 oxidation leads to
reactive carbonyl (aldehyde or ketone) compounds. Aldehyde alerts from five profilers (DNA
binding by OECD, the three ISS profilers and Oncologic Primary Classifications) were identified in
the metabolites of all but two members (ID numbers 52123 213821-20-6 and 52125 _3). According
to the Toolbox explanation, aldehyde compounds can potentially undergo Schiff base formation
with a primary amine to form DNA adducts and cross-links. Furthermore, the alert H-acceptor-
path3-H-acceptor from the ISS profiler for in vivo mutagenicity (Micronucleus) was identified in all
but one member and/or their metabolites (ID number 52125_3). According to the Toolbox
explanation compounds containing the alert may interact with DNA and/or protein via non-
covalent binding.

According to Benigni et al. (2011), ‘Numerous haloalkanes have been tested for carcinogenic and
mutagenic activities. In general, the genotoxic potential is dependent on the nature, number, and
position of halogen(s) and the molecular size of the compound’. Kazius et al. (2005) identified the
aliphatic halide (excluding the fluorine atom) substructure to be an alert for Ames mutagens. Out of
416 aliphatic halide compounds, 297 were mutagens, corresponding to 71% (p-value <<0.05). If
compounds containing other toxicophores were excluded, there were 330 aliphatic halide
compounds, of which 217 were mutagens, corresponding to 66% (p-value <<0.05). l.e. this alert
identified 34% false positives among the mutagenicity training set chemicals (Kazius et al. 2005).
According to Benigni et al. (2010) this alert has a positive predictivity for carcinogenicity of 74%, i.e.
74% of the substances experimentally tested for carcinogenicity and containing the alert fragment
had positive results from the carcinogenicity studies.
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The aldehyde structural alert, which was identified in the metabolites of 60 out of the 61 members
in five profilers (DNA binding by OECD, the three ISS profilers for in vitro and in vivo mutagenicity
and carcinogenicity, and the Oncologic primary classification) has according to Benigni et al.
(2008) a positive predictivity for carcinogenicity of 88% (7 out of 8 substances experimentally
tested for carcinogenicity and containing the alert had positive results from the carcinogenicity
studies).

5.1 Future perspectives

One way to establish an even more robust basis for read-across across the category could be to
search the literature for information on carcinogenicity and mutagenicity/genotoxicity for
structural analogues outside, but close to the category. Information on carcinogenic and
mutagenic/genotoxic effects of other substances very close to, but outside the defined category were
noticed in the literature search for the 25 category members and might be useful in relation to an
evaluation of possible similarities or dissimilarities with the category members.

Other ways to further strengthen the read-across basis could be to perform experimental testing for
mutagenicity/genotoxicity on selected representative category members, as well as further
analysisof the underlying mechanisms of action.

Another brominated flame retardant identified in the preliminary structural grouping, tris(2,3-
dibromopropyl)phosphate (group 12, phosphates) is also a multiple-organ carcinogen in rats and
mice (NTP 1993). The carcinogenic effect of tris(2,3-dibromopropyl)phosphate is exerted by its
metabolite, 2,3-DBPA — one of three members in the category of small linear and branched alkyl
alcohols for which experimental data are available (described in chapter 4). Other brominated flame
retardants identified in the preliminary structural grouping, e.g. three of the members of group 2
(dibromo-(2,3-dibromopropoxy)benzene derivatives), may possibly also be metabolised to 2,3-
DBPA. Therefore, brominated flame retardants that may possibly be metabolised to 2,3-DBPA or
one of the other members in the category of small linear and branched alkyl alcohols may equally
likely as these members themselves possess the critical effect, i.e. the carcinogenic effect, most
probably exerted by a mutagenic/genotoxic mode of action.

5.2 Conclusion

The category of small brominated linear and branched alkyl alcohols was defined as chemical
structures very similar to the members identified in the preliminary structural group. The category
was thus limited to 61 substances with 3-5 carbons, 2-3 bromine atoms and 1-2 alcohol groups.

Relevant experimental data on human health effects were retrieved for three of the category
members, i.e. for the three members of the group identified in the preliminary structural group, 2,3-
DBPA, DBNPG and TBNPA. No relevant experimental data were retrieved for the remaining 22
category members with CAS RN. Furthermore, 1,3-DBPA, a REACH pre-registered compound for
which no experimental data on human health effects were retrieved, has a notified classification for
a possible carcinogenic potential (Carc. 2 H351).

The critical effect of the three members with relevant experimental data is the multiple-organ
carcinogenic effect, most probably exerted by a genotoxic mode of action either by the parent
compound itself (2,3-DBPA) or by a metabolite of the parent compound (DBNPG and TBNPA).

Possible read-across for the critical effect from the three category members with experimental data

and the one member with a classification for the identified critical effect to the remaining 57
structurally similar target analogues in the category is supported by the following observations:

Category approach for selected brominated flame retardants

81



a) The experimental data show comparable toxicological effects for the three members of the
category identified in the preliminary structural grouping (2,3-DBPA, DBNPG and
TBNPA), i.e. carcinogenic and mutagenic/genotoxic effects.

b) The classifications (harmonized or notified) as Muta. 1B H340 / Muta. 2 H341 and/or
Carc. 1B H350 / Carc. 2 H351 for these three members and for 1,3-DBPA.

¢) The (Q)SAR predictions for carcinogenic and mutagenic/genotoxic properties indicate that
the 61 category members have a carcinogenic potential with a possible
mutagenic/genotoxic mode of action. The structural alerts identified in the OECD (Q)SAR
Application Toolbox indicate that all members share the same genotoxic/mutagenic mode
of action with some variations in their possible mechanisms of action. Some alerts were
identified in many or all of the members and/or their metabolites pointing to possible
common mechanism(s) of action (e.g. metabolic activation to reactive carbonyl
compounds and aldehyde Schiff base formation of DNA adducts and cross-links).

An even more robust basis for assessing the accuracy of the read across for the category could be
pursued by searching the literature for information on carcinogenicity and
mutagenicity/genotoxicity on structural analogues outside, but close to the category, by
experimental testing for mutagenicity/genotoxicity on representative members across the category,
as well as further analysis of the underlying mechanisms of action.

Other brominated flame retardants that may possibly be metabolised to one of the 61 brominated
flame retardants in the category of small linear and branched alkyl alcohols may equally likely as
these members themselves possess the critical effect, i.e. the carcinogenic effect, most probably
exerted by a mutagenic/genotoxic mode of action.
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Appendix 1: Start list with 67
substances
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Abbrevia- Tox REACH | SMILES applied for (Q)SAR | Notes on CAS and
CAS No EC No Substance name ted name |R/A' | Cast | Tox21 registered | prediction SMILES? Source®
Bis(pentabromophenyl) c1(c(c(c(Br)c(c1Br)Br)Br)Br)
1163-19-5 214-604-9 | ether decaBDE | A * Oc1c(c(c(Br)c(c1Br)Br)Br)Br 1
118-79-6 204-278-6 | 2,4,6-Tribromophenol TBP AR * * * ¢1(c(cc(Br)cc1Br)Br)O 1
tris(2,3-dibromopropyl) P(=0)(OCC(CBr)Br)(OCC(C
126-72-7 204-799-9 | phosphate TDBPP A * * - Br)Br)OCC(CBr)Br 1
Decabromo-1,1'- c1(c2c(c(c(Br)c(c2Br)Br)Br)
13654-09-6 237-137-2 | biphenyl DecaBB |A - Br)c(c(c(Br)c(c1Br)Br)Br)Br 1
SciFinder:
incompletely defined
substance. The
1H-Indene, 2,3-dihydro- CC1(c2c(c(c(c(c2Br)Br)Br)B | SMILES included is
1,1,3-trimethyl-3-phenyl- r)C(C1(Br)Br)(C)c3cccc(c3B | a representative of
155613-93-7 | 605-018-8 |, octabromo deriv. OBTMPI | A - r)Br)C the substance. 1
Not
2-ethylhexyl-2,3,4,5- preregiste | CCCCC(CC)COC(=0)c1cc(
183658-27-7 |- tetrabromobenzoate EH-TBB |A red c(c(c1Br)Br)Br)Br 1
Tri[3-bromo-2,2- C(C(CBr)(CBr)CBr)OP(=0)(
bis(bromomethyl)propyl] OCC(CBr)(CBr)CBr)OCC(C
19186-97-1 606-254-4 | phosphate. TTBNPP | A * Br)(CBr)CBr 1
2-(2-
Hydroxyethoxy)ethyl 2- CC(COC(=O)c1c(c(c(c(c1Br
hydroxypropyl 3,4,5,6- HEEHP- )Br)Br)Br)C(=0)OCCOCCO
20566-35-2 243-885-0 | tetrabromophthalate TEBP A * )O 1
2,3,5,6-Tetrabromo-p- c1(c(c(c(C)c(c1Br)Br)Br)Br)
23488-38-2 245-688-5 | xylene TBX A - C 1
1,1'-Isopropylidenebis[4- C(C)(C)(c1cc(c(c(c1)Br)OC
(allyloxy)-3,5- TBBPA- C=C)Br)c1cc(c(c(c1)Br)OC
25327-89-3 246-850-8 | dibromobenzene] bAE AR * - C=C)Br 1
SciFinder:
incompletely defined
substance.
ChemSpider ("found
by approved
synonym"): The
SMILES included is
a representative,
1,3,5,7,9,11-
Hexabromocyclodod
Hexabromocyclododeca C1C(CC(CC(CC(CC(CC1Br | ecane, of the
25637-99-4 247-148-4 | ne HBCDD A * )Br)Br)Br)Br)Br substance. 1
1,3,5-Triazine, 2,4,6- c1c(ce(c(c1Br)Oc2nc(nc(n2) | Ok according to
tris(2,4,6- TTBP- Oc3c(cc(cc3Br)Br)Br)Ocdc( | SciFinder.
25713-60-4 607-784-9 | tribromophenoxy)- TAZ A * cc(cc4Br)Br)Br)Br)Br ChemSpider (“found 1




Abbrevia- Tox REACH | SMILES applied for (Q)SAR | Notes on CAS and
CAS No EC No Substance name ted name |R/A' | Cast | Tox21 registered | prediction SMILES? Source®
by approved
synonym"):
CCCCC(CC)COC(=0O)c1c(c
Bis(2-ethylhexyl) BEH- (c(c(c1Br)Br)Br)Br)C(=0)0
26040-51-7 247-426-5 | tetrabromophthalate TEBP A * * * CC(CC)CCccCC 1
31780-26-4 250-802-1 | Dibromostyrene DBS AR - c1(ccccc1 \C=C(\Br)Br 1
Preregiste
red —
HBCDD
registered
under
1,2,5,6,9,10- CAS No
Hexabromocyclododeca 25637-99- | C1CC(C(CCC(C(Ccc(Cc1Br
3194-55-6 221-695-9 | ne HBCDD A * * 4 )Br)Br)Br)Br)Br 1
SciFinder:
incompletely defined
substance. The
SMILES is a
Diphenyl ether, c1cc(c(cc1Br)Br)Oc2cc(c(cec | representative of the
32534-81-9 251-084-2 | pentabromo derivative pentaBDE | A * - 2Br)Br)Br substance. 1
SciFinder:
incompletely defined
substance. The
SMILES from
ChemSpider is a
representative of the
Diphenyl ether, c1c(c(c(c(c1Br)Br)Br)Br)Oc2 | substance which is in
32536-52-0 251-087-9 | octabromo derivative octaBDE |[A * - cc(c(c(c2Br)Br)Br)Br itself a category! 1
¢12c(C(=0O)N(C1=0)CCN1
C(c3c(c(Br)c(c(c3C1=0)Br)
N,N'-ethylenebis(3,4,5,6- Br)Br)=0)c(c(Br)c(c2Br)Br)B
32588-76-4 251-118-6 | tetrabromophthalimide) | EBTEBPI |A * r 1
2-(allyloxy)-1,3,5- O(c1c(cc(cc1Br)Br)Br)CC=
3278-89-5 221-913-2 | tribromobenzene TBP-AE A/R * - C 1
1,2-Dibromo-4-(1,2- C1[C@@H](CC[C@@HI([C
dibromoethyl)cyclohexa | DBE- @@H]1Br)Br)[C@@H](CBr
3322-93-8 222-036-8 | ne DBCH A * - )Br 1
4,4'-
isopropylidenebis[2,6- 0O=C(Oc1c(cc(cc1Br)C(cice
dibromophenyl] TBBPA- (c(OC(=0)C)c(Br)c1)Br)(C)
33798-02-6 251-681-8 | diacetate bOAc A - C)Br)C 1
1,2,3,4,7,7-Hexachloro- CliC@@]12C([C@@](CI)C
34571-16-9 252-097-6 | 5- (tetrabromo- HCTBPH |A - [C@@H]1c1c(c(c(c(c1)Br)B 1




Abbrevia- Tox REACH | SMILES applied for (Q)SAR | Notes on CAS and
CAS No EC No Substance name ted name |R/A' | Cast | Tox21 registered | prediction SMILES? Source®
phenyl)bicyclo[2.2.1]hep r)Br)Br)C(=C2CI)CI)(CI)CI
t-2- ene
1,3,5-tribromo-2-(2,3-
dibromopropoxy)benzen O(c1c(cc(cc1Br)Br)Br)C[C
35109-60-5 252-372-0 | e DPTE A - @@H]I(Br)CBr 1
Allyl pentabromophenyl c1(c(c(c(Br)c(c1Br)Br)Br)Br)
3555-11-1 222-610-8 | ether PBPAE AR - occ=C 1
SciFinder:
incompletely defined
substance. The
SMILES is a
Hexabromo-1,1'- c1ce(c(c(c1c2cec(c(c2Br)Br) | representative of the
36355-01-8 252-994-2 | biphenyl HexaBB A - Br)Br)Br)Br substance. 1
1,1'-[ethane-1,2-
diylbisoxy]bis[2,4,6- c1(c(cc(Br)cc1Br)Br)OCCOc
37853-59-1 253-692-3 | tribromobenzene] BTBPE A - 1c(cc(Br)cc1Br)Br 1
Benzene, 1,2,3,4-
tetrabromo-5-chloro-6- c1(c(c(c(Br)c(c1Br)Br)Br)Cl)
39569-21-6 254-522-0 | methyl- TBCT A - C 1
4,4'-sulphonylbis[2,6- S(=0)(=0)(c1cc(c(c(c1)Br)O
39635-79-5 254-551-9 | dibromophenol] TBBPS AR - )Br)c1cc(c(c(c1)Br)O)Br 1
4,4'-isopropylidenebis(2-
(2,6- ¢1(C(c2cc(c(OCCO)c(c2)Br)
dibromophenoxy)ethanol | TBBPA- Br)(C)C)cc(c(OCCO)c(c1)Br
4162-45-2 224-005-4 |) BHEE AR * )Br 1
bis[3,5-dibromo-4-(2,3- c1c(cc(c(c1Br)OCC(CBr)Br)
dibromopropoxy)phenyl] | TBBPS- Br)S(=0)(=0)c2cc(c(c(c2)Br
42757-55-1 255-929-6 | sulphone BDBPE A - JOCC(CBr)Br)Br 1
7,8-Dibromo-
1,2,3,4,11,11-
hexachloro-
1,4,4a,5,6,7,8,9,10,10a- BriC@@H]1[C@@H](Br)C
decahydro-1,4- Cl[C@@HI2[C@@]3(C(=C([
methanobenzocycloocte C@@)([C@@H]2CC1)(CI)
51936-55-1 257-526-0 | ne DBHCTD |A - c3(chenenencl 1
1,3,5-Tris(2,3-
dibromopropyl)-1,3,5- C(C(CBr)Br)n1c(=0)n(c(=0)
triazine- TDBP- n(c1=0)CC(CBr)Br)CC(CBr
52434-90-9 257-913-4 | 2,4,6(1H,3H,5H)-trione | TAZTO A - )Br 1
1,2,4,5-tetrabromo-3,6- | 4'- Brc1c(Br)c(Oc2c(Br)c(Br)c(
Bis(pentabromophenoxy | PeBPOB- Br)c(Br)c2Br)c(Br)c(Br)c10c
58965-66-5 261-526-6 | ) benzene DE208 A - 1¢(Br)c(Br)c(Br)c(Br)c1Br 1
615-58-7 210-436-5 | 2,4-dibromophenol DBP AR - c1(c(ccc(c1)Br)O)Br 1




Abbrevia- Tox REACH | SMILES applied for (Q)SAR | Notes on CAS and
CAS No EC No Substance name ted name |R/A' | Cast | Tox21 registered | prediction SMILES? Source®
c1(c(c(c(Br)c(c1Br)Br)Br)Br)
608-71-9 210-167-3 | Pentabromophenol PBP AR * - 0 1
2,2',6,6'-Tetrabromo-
4.4'- C(c1ce(c(O)c(c1)Br)Br)(c1c
79-94-7 201-236-9 | isopropylidenediphenol | TBBPA AR * * * ¢(c(O)c(c1)Br)Br)(C)C 1
1,1'-(Ethane-1,2-
diyl)bis[pentabromobenz C(Cc1c(c(c(c(c1Br)Br)Br)Br)
ene Br)c2c(c(c(c(c2Br)Br)Br)Br)
84852-53-9 284-366-9 |] DBDPE A * Br 1
2,3,4,5,6-
Pentabromoethylbenzen c1(c(c(c(Br)c(c1Br)Br)Br)Br)
85-22-3 201-593-0 | e PBEB A * - CcC 1
c1(c(c(c(Br)c(c1Br)Br)Br)Br)
87-82-1 201-773-9 | Hexabromobenzene HBB A * - Br 1
2,3,4,5,6- c1(c(c(c(Br)c(c1Br)Br)Br)Br)
87-83-2 201-774-4 | Pentabromotoluene PBT AR - C 1
CC1(CC(c2c1c(c(c(c2Br)Br) | Found in
Octabromotrimethyl- Br)Br)(C)c3cc(c(c(c3Br)Br)B | ChemSpider by
1084889-51-9 | - phenyl indane OBTMPI | NA r)Br)C synonym 2
SciFinder: 2 CAS
RN's from Table 1
Tribromoneopentyl refer to same
alcohol [same substance substance (the other
1522-92-5 - as CAS No 36483-57-5] | TBNPA NA * C(CO)(CBr)(CBr)CBr CAS is 36483-57-5) 2
C1(C(c(ccccececece1)(BryBr
25495-98-1 - Hexabromocyclodecane | HBCYD NA )(Br)Br)(Br)Br 2
Cyclooctane, 1,2,5,6- C1CC(C(CCC(C1Br)Br)Br)B
3194-57-8 - tetrabromo TBCO NA r 2
Phenol, 4,4'-(1-
methylethyli- C(c1ce(c(OC(=0)CC)c(c1)B | Ok according to
dene)bis[2,6dibromo-, TBBPA- r)Br)(c1cc(c(OC(=0)CC)c(c | SciFinder, SMILES
37419-42-4 - dipropanoate (9Cl) BP NA 1)Br)Br)(C)C generated 2
Benzene, 1,2,3,4,5-
pentabromo6- C(c1c(c(c(c(c1Br)Br)Br)Br)B
38521-51-6 253-985-6 | (boromomethyl) PBBB NA r)Br 2
Benzene, 1,1'-
[oxybis(methylene)]bis C(c1c(c(c(c(c1Br)Br)Br)Br)B
[2,3,4,5,6- r)OCc2c(c(c(c(c2Br)Br)Br)Br | ChemSpider (found
497107-13-8 |- pentabromo(9Cl) DBDBE NA )Br by synonyms): 2
2-Propenoic acid, 1,1'-
[(1-methylethylidene) ¢1(C(c2cc(c(OC(C=C)=0)c(
bis(2,6-dibromo-4,1- TBBPA- ¢2)Br)Br)(C)C)cc(c(OC(C=C
55205-38-4 - phenylene)] ester BA NA )=0)c(c1)Br)Br 2




Abbrevia- Tox REACH | SMILES applied for (Q)SAR | Notes on CAS and
CAS No EC No Substance name ted name |R/A' | Cast | Tox21 registered | prediction SMILES? Source®
1-(2,3-Dibromopropyl)- Ok according to
3,5-diallyl-1,3,5-triazine- | DBP- N1(CC=C)C(=O)N(CC(Br)C | SciFinder. SMILES
57829-89-7 - 2,4,6(1H,3H,5H)-trione | TAZTO NA Br)C(=O)N(CC=C)C1(=0) | generated. 2
Benzene, 1,2,3,4,5- Ok according to
pentabromo6- ¢1(CCl)c(Br)c(Br)c(Br)c(Br)c | SciFinder. SMILES
58495-09-3 - (chloromethyl) PBBC NA 1(Br) generated. 2
607-99-8 - 2,4,6,-tribromoanisol TBA NA c1(c(cc(Br)cc1Br)Br)OC 2
Ok according to
SciFinder. CAS RN
Benzene, 1,1"- S(=0)(=0)(c1cc(c(OC)c(c1) | not in ChemlD or
sulfonylbis[3, TBPPS- Br)Br)(c1cc(c(OC)c(c1)Br)Br | ChemSpider.
70156-79-5 - 5-dibromo-4-methoxy BME NA ) SMILES generated 2
1,3-Bis(2,3-
dibromopropyl)-5-allyl- N1(CC=C)C(=O)N(CC(Br)C | Ok according to
1,3,5-triazine- BDBP- Br)C(=O)N(CC(Br)CBr)C1(= | SciFinder. SMILES
75795-16-3 - 2,4,6(1H,3H,5H)-trione | TAZTO NA 0) generated. 2
2,3-Dibromo-2-butene- SMILES from
3234-02-4 1,4-diol DBBD NA * C(C(=C(C0O)Br)Br)O ChemSpider 3
SMILES from
Chemspider for Allyl
2,3,4-tribromophenyl
ether. The SMILES
included is a
Tribromo-phenyl-allyl- representative of the
26762-91-4 ether, unspecified AO-TBB NA C=CCOc1ccc(c(c1Br)Br)Br | substance. 3
Ethylene-bis(5,6- EBDBND C1C2C3C(C1C(C2Br)Br)C(
dibromo-norbornane- C =0)N(C3=0)CCN4C(=0)C5 | SMILES from
52907-07-0 2,3-dicarboximide) NA C6CC(C5C4=0)C(C6Br)Br | ChemSpider 3
Bis(methyl)tetrabromoph COC(=0)c1c(c(c(c(c1Br)Br) | SMILES from
55481-60-2 talate BM-TEBP | NA Br)Br)C(=0)OC ChemSpider 3
Mixed esters with
diethylene glycol and
propylene glycol,
here the SMILES is
TBPA, glycol-and c1(c(c(c(c(c1Br)Br)Br)Br)C( | only for phthalate
75790-69-1 propylene-oxide esters’ NA =0)0)C(=0)0 acid part. 3
SMILES without 3D
202-480- (note the chiral
96-13-9 9 Dibromo-propanol DBPA NA * C(Br)C(Br)CO center) 3
1,1'-(Isopropylidene) c1c(Br)c(c(Br)cclC(C)(C)c
244-617- | bis[3,5- dibromo-4- TBBPA- 1cc(Br)c(c(c1)Br)OC[C@
21850-44-2 5 (2,3- BDBPE R * * @H](CBr)Br)OC[C@@H]( 1




Abbrevia- Tox REACH | SMILES applied for (Q)SAR | Notes on CAS and
CAS No EC No Substance name ted name |R/A' | Cast | Tox21 registered | prediction SMILES? Source®
dibromopropoxy)ben CBr)Br
zene]
2,2'-[(1-
Methylethylidene)bis|
(2,6- dibromo-4,1- C(C)(C)(clcc(c(c(c1)Br)OC
phenyle- le- [C@@H]10C1)Br)clcc(c(
221-346- | ne)oxymethylene]lbis | TBBPA- c(c1)Br)OC[C@@H]10C1
3072-84-2 0 oxiran e BGE R - )Br 1
2,2-
bis(bromomethyl)pro
221-967- | pane-
3296-90-0 |7 1,3-diol DBNPG |R * * * C(CO)(co)(cBr)CBr 1
2,2-dimethylpropan-
253-057- | 1-ol, tribromo
36483-57-5 |0 derivative TBNPA |R * BrCC(CBr)(CBr)CO 1
Benzene, 1,1'-(1-
methylethylidene)
253-693- | bis[3,5-dibromo-4- TBBPA- C(clcc(c(OC)c(c1)Br)Br)(c
37853-61-5 |9 methoxy BME R - 1cc(c(OC)c(c1)Br)Br)(C)C 1
261-767- | (Pentabromophenyl) c1(c(c(Br)c(c(c1Br)Br)Br)
59447-55-1 |7 methyl acrylate PBB-Acr |R * Br)COC(C=C)=0 1
211-185- | Tetrabromophthalic | TEBP- c12c(c(c(c(c1Br)Br)Br)Br)
632-79-1 4 anhydride Anh R * * C(=0)0C2=0 1
2-Propenoic acid,
1,1'[(1-
methylethylidene)bis[
(2,6- dibromo- 0O=C(OCCOc1c(cc(cc1Br)C
266-455- | 4,1phenylene)oxy- TBBPA- (clcc(c(OCCOC(=0)C=C)c
66710-97-2 |4 2,1-ethanediyl]] ester | BHEEBA |R - (Br)c1)Br)(C)C)Br)C=C 1

! A: Additive and R: Reactive

2CAS look-up in SciFinder, and SMILES look-up in ChemIDplus and ChemSpider

*1 and 2 refer to Table 1 and 2 in the survey report; Danish Ministry of the Environment 2014, and 3 refers to substances from Fujitsu 2015
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EPI Suite endpoints (from tabular output only)
Molecular weight

Estimated Log Kow

Estimated Water Sol. (mg/L)

WATERNT frag Water Sol estimate

BIOWIN1 (Linear Model) Probability

BIOWIN2 (Non-Linear Model) Probability
BIOWIN3 numerical output

BIOWIN4 numerical output

BIOWINS5 (Linear MITI Model) Probability
BIOWING (Non-Linear MITI Model) Probability
Ready biodegradability prediction

PBT_P ((BIOWIN2<.5 OR BIOWIN6<.6) AND BIOWIN3<2.2)
Estimated Log BCF

Estimated BCF

PBT fields derived from EPI Suite and LS DTU aquatic toxicity models

PBT_B (BCF>2000)

PBT_vB (BCF>5000)

PBT_PB (PBT_P AND PBT_B)

PBT_vPvB (PBT_P AND PBT_vB)

PBT_PB NOT vPvB

PBT_PBT AQ,(PBT_P AND PBT_B AND (DK Daphnia m. 48h EC50<1 mg/L OR DK Fathead m. 96h LC50 <1 mg/L (

Case Ultra (CU) commercial models

HEART_ARRHYTHM (Human cardiac arrhythmia) Model Version: 1.5.2.0.1610.500
HEART_BRADY (Human bradycardia) Model Version: 1.5.2.0.1610.500

HEART_CONDUCT (Human cardiac conduction disorders) Model Version: 1.5.2.0.1610.500
HEART_CORONARY (Human coronary artery disorders) Model Version: 1.5.2.0.1610.500
HEART_ECG (Human electrocardiogram disorders) Model Version: 1.5.2.0.1610.500
HEART_FAIL (Human cardiac failure) Model Version: 1.5.2.0.1610.500

HEART_INFARCT (Human myocardial infarction) Model Version: 1.5.2.0.1610.500
HEART_MYOCARD (Human myocardial disorders) Model Version: 1.5.2.0.1610.500
HEART_PALPIT (Human cardiac palpitations) Model Version: 1.5.2.0.1610.500

HEART_QT (Human cardiac QT-prolongation) Model Version: 1.5.2.0.1610.500
HEART_RATE (Human cardiac rate rhythm disorders) Model Version: 1.5.2.0.1610.500
HEART_TACHY (Human tachycardia) Model Version: 1.5.2.0.1610.500

HEART_TORSADES (Human cardiac Torsades de pointes) Model Version: 1.5.2.0.1610.500

RENAL_NPATHY (Human nephropathy) Model Version: 1.5.2.0.1569.500
A48 (Developmental toxicants, human) Model Version: 1.5.2.0.119.500

RP_AN1 (Female fertility, rodent) Model Version: 1.5.2.0.960.500
RP_ANS (Female fertility, rat) Model Version: 1.5.2.0.895.500
RP_AN9 (Female fertility, mouse) Model Version: 1.5.2.0.151.500
RP_AO1 (Male fertility, rodent) Model Version: 1.5.2.0.784.500
RP_AO4 (Male fertility, rat) Model Version: 1.5.2.0.715.500
RP_AO7 (Male fertility, mice) Model Version: 1.5.2.0.146.500



RP_AP1 (Sperm toxicity, rodent) Model Version: 1.5.2.0.906.500

RP_AP4 (Sperm toxicity, rat) Model Version: 1.5.2.0.722.500

RP_AP7 (Sperm toxicity, mouse) Model Version: 1.5.2.0.262.500

RP_AQ1 (Newborn behavioral toxicity, rodent) Model Version: 1.5.2.0.666.500
RP_AQ4 (Newborn behavioral toxicity, rat) Model Version: 1.5.2.0.622.500
RP_AQ9 (Newborn behavioral toxicity, mice) Model Version: 1.5.2.0.173.500

SALM (Salmonella mutagenicity (TA97,98,100,1535-1538)) Model Version: 1.5.1.8.10479.500

A2E - Ashby structural alerts for DNA reactivity (NTP data)
A61 Chromosomal aberrations in vitro in CHO cells

A33 - Allergic contact dermatitis in guinea pig and human
A49 - Teratogenic potential in humans

AF1 - Carcinogenicity in male rats
AF2 - Carcinogenicity in female rats
AF3 - Carcinogenicity in male mice
AF4 - Carcinogenicity in female mice
AFU - Carcinogenicity in rodents
AFV - Carcinogenicity in rats

AFW - Carcinogenicity in mice

RCA call

DTU models

Ames (all strains)
Ames_sub_Direct_(S9)
Ames_sub_Potency > 10x_ctrl.
Ames_sub_Base-pair
Ames_sub_Frame_shift
Mouse_lymphoma, in vitro
Chromosomal_aberrations_CHL, in vitro
UDS_rat_hepatocytes, in vitro
SHE_cell_transformation, in vitro
HGPRT, in vitro

SCE_mouse, in vivo
Mouse_micronucleus, in vivo
Comet_assay, in vivo

Rodent dominant_lethal, in vivo
Drosophila_SLRL

Rodent hepatocarcinogenicity (only)
hERG blocking

MRTD

ER binding, METI all data

ER binding, METI balanced training set
ER agonism, METI agonism data

ER agonism, US EPA CERAPP data

AR antagonism

Thyroid alpha binding

Thyroid beta binding

TPO, Thyroid peroxidase, US EPA data



PXR binding

Airway_allergy

Skin_irritation (severe vs. mild)

CYP_2D6_substrate

CYP_2C9_substrate

Biodegradation

Fathead minnow 96h LC50

Daphnia 48h EC50

72h EC50 (growth)

Pseudokirchneriella subcapitata algae 72h EC50 (growth inhibition)

Leadscope (LS) commercial models
Growth Retard Mouse
Growth Retard Rabbit
Growth Retard Rat
retard rodent (AH1)
Wt Dec Mouse

Wt Dec Rabbit

wt dec rodent (Al1)
weight dec. rat

Fetal Death Mouse
Fetal Death Rabbit
Fetal Death Rat

Fetal Death Rodent
post impl mouse (AG6)
Post Impl Loss Rabbit
Post Impl Loss Rat
post impl rodent (AG1)
Pre Impl Loss Mouse
Pre Impl Loss Rabbit
Pre Impl Loss Rat

Pre Impl Loss Rodent
struct mouse (AL6)
Dysmorph Rabbit
Dysmorph Rat

struct rodent (AL1)
Visc Org Mouse

Visc Org Rat

Visc Org Rodent

Repro Mouse Female
Repro Rat Female
Repro Rodent Female
Repro Mouse Male
Repro Rat Male
Repro Rodent Male
sperm mouse(AP5)
Sperm Eff Rat

Sperm Eff Rodent



Bile Duct Disorder
Gall Bladder Disorder
Jaundice

Liver Damage

Liver Enzyme Abnorm

OECD QSAR Application Toolbox profilers
Simulator name

Metabolite

Database Affiliation

Inventory Affiliation

OECD HPV Chemical Categories
Substance Type

US-EPA New Chemical Categories

Biodeg BioHC half-life (Biowin)

Biodeg primary (Biowin 4)

Biodeg probability (Biowin 1)

Biodeg probability (Biowin 2)

Biodeg probability (Biowin 5)

Biodeg probability (Biowin 6)

Biodeg probability (Biowin 7)

Biodeg ultimate (Biowin 3)

DNA binding by OASIS v.1.3

DNA binding by OECD

DPRA Cysteine peptide depletion

DPRA Lysine peptide depletion

Estrogen Receptor Binding

Hydrolysis half-life (Ka, pH 7)(Hydrowin)
Hydrolysis half-life (Ka, pH 8)(Hydrowin)
Hydrolysis half-life (Kb, pH 7)(Hydrowin)
Hydrolysis half-life (Kb, pH 8)(Hydrowin)
Hydrolysis half-life (pH 6.5-7.4)
lonizationatpH=1

lonizationat pH =4
lonizationatpH=7.4

lonizationat pH=9

Protein binding by OASIS v1.3

Protein binding by OECD

Protein binding potency

Superfragments

Toxic hazard classification by Cramer (extension)
Toxic hazard classification by Cramer (original)
Ultimate biodeg

Acute aquatic toxicity classification by Verhaar (Modified)
Acute aquatic toxicity MOA by OASIS
Aquatic toxicity classification by ECOSAR
Bioaccumulation - metabolism alerts
Bioaccumulation - metabolism half-lives
Biodegradation fragments (BioWIN MITI)



Carcinogenicity (genotox and nongenotox) alerts by ISS
DART scheme v.1.0

DNA alerts for AMES, MN and CA by OASISv.1.3

Eye irritation/corrosion Exclusion rules by BfR

Eye irritation/corrosion Inclusion rules by BfR

in vitro mutagenicity (Ames test) alerts by 1SS

in vivo mutagenicity (Micronucleus) alerts by ISS
Keratinocyte gene expression

Oncologic Primary Classification

Protein binding alerts for Chromosomal aberration by OASIS v1.1
Protein binding alerts for skin sensitization by OASIS v1.3
Respiratory sensitisation

Retinoic Acid Receptor Binding

rtER Expert System ver.1 - USEPA

Skin irritation/corrosion Exclusion rules by BfR

Skin irritation/corrosion Inclusion rules by BfR
Chemical elements

Groups of elements

Lipinski Rule Oasis

Organic Functional groups

Organic Functional groups (nested)

Organic functional groups (US EPA)

Organic functional groups, Norbert Haider (checkmol)
Tautomers unstable

Repeated dose (HESS)
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Carcinogenicity (Q)SAR-based clustering
Clustering - Clusters (Run #1)

Project Name: Br_67
Structure Count: 67

Name for this run: Clusters (Run #1)

Project: Br_67

# structures: 67

Analysis type: Clustering (Agglomerative Nesting)

Date: Tue Nov 24 11:23:48 CET 2015

Owner: ebawe

Create signatures: true

Group singletons: true

Cluster by: Data (CU_P_Cancer_Female Mouse CU_P_Cancer_Female_Rat
CU_P_Cancer_Male Mouse CU_P_Cancer_Male_ Rat CU_P_Cancer_Mouse CU_P_Cancer_Rat
CU_P_Cancer_Rodent TB_120 TB_121 TB_122 TB_123 TB_124 TB_125 TB_126 TB_127 TB_128
TB_50 TB_51 TB_52 TB_53 TB_54 TB_55 TB_56 TB_57 TB_S8 TB_59 TB_60 TB_61 )

Linkage mechanism: Average Linkage

Cluster height: 0.5
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Genotoxicity (Q)SAR-based clustering

Clustering - Clusters (Run #3)

Project Name: Br_67
Structure Count: 67

Name for this run: Clusters (Run #3)

Project: Br_67

# structures: 67

Analysis type: Clustering (Agglomerative Nesting)

Date: Fri Nov 27 18:55:39 CET 2015

Owner: ebawe

Create signatures: true

Group singletons: true

Cluster by: Data (CU_P_Ashby CU_P_CA_CHO CU_P_MN _in_vivo CU_P_SALM

LS R_DK Ames_test LS R DK Chromosomal_aberrations CHL LS R DK Comet_assay
LS_R _DK_Dominant_lethal LS_R_DK Drosophila_SLRL LS R DK_HGPRT

LS R DK Mouse lymphoma LS R DK Mouse micronucleus LS R DK SCE_mouse

LS R DK SHE_cell_transformation LS_R DK _UDS_rat hepatocytes TB_107 TB_108 TB_109
TB_110 TB_111 TB_112 TB_212 TB_213 TB_214 TB_215 TB_216 TB_217 TB_218 TB_219 TB_220
TB_221 TB_222 TB_223 TB_224 TB_225 TB_226 TB_227 TB_228 TB_46 TB_47 TB_48 TB_49
TB_70 TB_ 71 TB_72TB 73 TB_74TB_75TB_76 TB_77 TB_78 TB_79 TB_80)

Linkage mechanism: Average Linkage

Cluster height: 0.5
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Reproductive toxicity (Q)SAR-based clustering
Clustering - Clusters (Run #3)

Project Name: Br_67
Structure Count: 67

Name for this run: Clusters (Run #3)

Project: Br_67

# structures: 67

Analysis type: Clustering (Agglomerative Nesting)

Date: Fri Nov 27 18:25:52 CET 2015

Owner: ebawe

Create signatures: true

Group singletons: true

Cluster by: Data (CU_P_RP_Female_fertility mouse CU_P_RP_Female_fertility rat
CU_P_RP_Female_fertility rodent CU_P_RP_Male_fertility_mouse CU_P_RP_Male_fertility rat
CU_P_RP_Male_fertility_rodent CU_P_RP_Newborn_behavioral_mouse

CU_P_RP _Newborn_behavioral rat CU_P_RP_Newborn_behavioral rodent
CU_P_RP_Sperm_toxicity_mouse CU_P_RP_Sperm_toxicity rat
CU_P_RP_Sperm_toxicity_rodent CU_P_Teratogenicity LS R_Dysmorph_Rabbit

LS R _Dysmorph_Rat LS R_Fetal Death_Mouse LS_R_Fetal Death_Rabbit

LS_R_Fetal Death_Rat LS R_Fetal Death_Rodent LS R Growth_Retard_Mouse

LS _R_Growth_Retard_Rabbit LS_R_Growth_Retard_Rat LS R _Post_Impl Loss_Rabbit
LS_R_Post Impl_Loss_Rat LS R_post_impl_mouse (AG6) LS R _post_impl_rodent_(AG1)

LS _R_Pre_Impl Loss Mouse LS R Pre Impl Loss_Rabbit LS R Pre Impl_Loss_Rat

LS _R_Pre_Impl Loss Rodent LS R Repro_Mouse_Female LS R_Repro_Mouse_Male
LS_R_Repro_Rat_Female LS R_Repro_Rat Male LS R Repro_Rodent_Female
LS_R_Repro_Rodent_Male LS_R_retard_rodent (AH1) LS_R_Sperm_Eff Rat
LS_R_Sperm_Eff Rodent LS R _sperm_mouse(AP5) LS_R_struct_mouse_(AL6)

LS R struct_rodent (AL1) LS R Visc Org Mouse LS R Visc Org Rat LS R Visc_Org Rodent
LS R weight dec. rat LS R Wt Dec Mouse LS R Wt Dec_Rabbit LS R wt dec_rodent_(AIl)
TB_ 113 TB_114 TB_115TB_116 TB_117 TB_118 TB_119)

Linkage mechanism: Average Linkage

Cluster height: 0.5
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Endocrine (Q)SAR-based clustering
Clustering - Clusters (Run #3)

Project Name: Br_67
Structure Count: 67

Name for this run: Clusters (Run #3)

Project: Br_67

# structures: 67

Analysis type: Clustering (Agglomerative Nesting)
Date: Sat Nov 28 22:02:42 CET 2015

Owner: ebawe

Create signatures: true

Group singletons: true

Cluster by: Data (LS_R_DK_Anti-androgenicity LS R DK CERAPP_agonist
LS_R_DK Estrogen_binding_all LS R DK Estrogen_binding_bal.
LS_R_DK Estrogen_reporter_gene LS R_ DK PXRLS R DK TPO TB_196 TB_197 TB_198

TB_199 TB_200)
Linkage mechanism: Average Linkage
Cluster height: 0.5
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Skin sensitization (Q)SAR-based clustering
Clustering - Clusters (Run #3)

Project Name: Br_67
Structure Count: 67

Name for this run: Clusters (Run #3)

Project: Br_67

# structures: 67

Analysis type: Clustering (Agglomerative Nesting)

Date: Fri Nov 27 18:17:02 CET 2015

Owner: ebawe

Create signatures: true

Group singletons: true

Cluster by: Data (CU_P_Skin_allergy TB_163 TB_164 TB_165 TB_166 TB_167 TB_168 TB_169
TB_170 TB_171 TB_172 TB_173 TB_174 TB_175TB_176 TB_177 TB_178 TB_179 TB_180 TB_181
TB_182 TB_183 TB_184 TB_185 TB_186 TB_187 TB_188 TB_189 TB_190 TB_191 TB_192 TB_193
TB_194 TB_195TB_201 TB 202 TB 203 TB 204 TB 205 TB 206 TB 207 TB 208 TB 209 TB_210
TB_ 211 TB_33 TB 34 TB 35TB_36 TB_37 TB_38 TB_39 TB 40 TB_41 TB_42 TB_43 TB_44
TB_45 TB_62 TB_63 TB_64 TB_65 TB_66 TB_67 TB_68 TB_69)

Linkage mechanism: Average Linkage

Cluster height: 0.5
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APPENDIX 6/FIGURE 1 HEAT MAP OF (Q)SAR PREDICTIONS OF CARCINOGINICITY AND GENOTOXICITY

DTU and commercial CASE Ultra (CU) (Q)SAR models:

CU Ashby structural alerts

CU SALM, Salmonella mutagenicity (TA97,98,100,1535-1538) (in vitro)

DTU Ames Salmonella (TA98, 100, 1535 and either TA1537 or TA97) (in vitro)

DTU Ames sub-model Direct (S9 not required) (in vitro)

DTU Ames sub-model Potency > 10x ctrl. (in vitro)

DTU Ames sub-model Base-pair (in vitro)

DTU Ames sub-model Frame shift (in vitro)

Sk |0 |a o |o|w

CU Chromosomal aberrations CHO (in vitro)

DTU Chromosomal aberrations CHL (in vitro)

DTU UDS rat hepatocytes (in vitro)

DTU HGPRT (in vitro)

— = [~

DTU SHE cell transformation (in vitro)

DTU SCE mouse (in vivo)

DTU Mouse micronucleus (bone marrow) (in vivo)

DTU Dominant lethal (in vivo)

DTU Drosophila SLRL (in vivo)

DTU Comet assay (in vivo)

CU FDA RCA cancer male rat (in vivo)

CU FDA RCA cancer female rat (in vivo)

CU FDA RCA cancer male mouse (in vivo)

CU FDA RCA cancer female mouse (in vivo)

CU FDA RCA cancer rodent (in vivo)

CU FDA RCA cancer rat (in vivo)

CU FDA RCA cancer mice (in vivo)

< |x|s|<|e|m|o |- oo o> |3

CU FDA RCA overall cancer call

APPENDIX 6/TABLE 1 EXPLANATION OF COLUMNS IN THE HEAT MAP OF (Q)SAR PREDICTIONS OF
CARCINOGINICITY AND GENOTOXICITY. CU: CASE ULTRA, DTU: TECHNICAL UNIVERSITY OF DENMARK,
FDA: U.S. FOOD AND DRUG ADMINISTRATION, RCA: RESEARCH COLLABORATION AGREEMENT

The heat map above shows (Q)SAR genotoxicity and carcinogenicity hits for the 61 category
members with associated X and Y legend information in the table. Substances marked in bold
originate from the initial group. Red means ‘hit’, white means ‘not hit’ and grey means ‘out-of-the-
applicability-domain’.
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APPENDIX 6/FIGURE 2 HEAT MAP OF OECD (Q)SAR APPLICATION TOOLBOX PROFILER ALERTS
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APPENDIX 6/TABLE 2 EXPLANATION OF COLUMNS IN THE HEAT MAP OF OECD (Q)SAR APPLICATION

TOOLBOX PROFILER ALERTS

The heat map above shows the identified OECD (Q)SAR Application Toolbox profiler structural
alerts hits for the 61 category members with associated X legend information in the table.
Substances marked in bold originate from the initial group. The rows of the matrix represent
structural alerts identified either in the parent compound or in one or more metabolites, and each
associated with one or more possible mechanisms in the OECD (Q)SAR Application Toolbox
individual alerts explanations provided in Appendix 6.
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Appendix 7: OECD (Q)SAR
Application Toolbox profiler
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A. Profiler: DNA Binding by OECD

Structural alert: Aliphatic halide

R = hydrogen, any carbon except the following:

X =Cl, Br, I

Excluded structures (alternative alert as shown):

I-II Cc. X
C - g ,.N_,-' - C
r’ X |
| H
O
ohal ocarbonyls mustards
X = halogen
Mechanism

1.2-dihaloalkanes

An Sn2 mechanism has been proposed as the primary method of DNA alkylation (Sobol et al

2007).

Nu

o

~q " Na

Nu = biological nucleophile

Structural alert mitigating factors

» The carbon being attacked by the biological nucleophile cannot be tertiary
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*  Fluorine is excluded due to the strength of the C-F bond
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* 1,2-dihaloalkanes are excluded as they react via an episulfonium ion

References

Sobol Z et al (2007) Mutation Research 633, 80-94
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Structural alert: 1.2-Dihaloalkanes

H H
x|
R R
X=CLBr,1

R = hydrogen, sp3 carbon

Mechanism

It has been suggested that 1,2-dihaloalkanes undergo an initial attack by glutathione followed by
internal cyclisation resulting in the formation of a reactive episulfonium ion. This ion can then
undergo an Sn2 type ring opening reaction (Granville et al 2005).

aﬁ;u G ¢ ?:

RN T

HS W
v QWSEG G

episulfoninm ion

Structural alert mitigating factors

» The carbon being attacked by the biological nucleophile cannot be tertiary

*  Fluorine is excluded due to the strength of the C-F bond

References

Granville CA et al (2005) Mutation Research, 572, 98-112
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Structural alert: Mono-aldehydes

o

R = sp3 carbon, hydrogen

Mechanism
Mono aldehydes undergo Schiff base formation (Garcia et al 2009, Hecht et al 2001).

H,0O
¥ —=
O N~

I
R

R”NH“

R = DNA chain

Sructural alert mitigating factors

» No mitigating factors have been reported for the chemicals in this mechanistic alert.

References

Garcia CL et al (2009) Mutation Research, 662, 3-9
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Mechanistic Alert: Direct Acting Epoxides and Related

Several structural alerts have been identified as being able to form DNA adducts via a ring

opening Sn2 reaction. These structural alerts are as follows:

Structural alert: Epoxides Epoxides and related

O

AN

Mechanism

Alkylation occurs via an SN2 ring opening mechanism (Sawatari et al 2001).

Nu = biological nucleophile

Structural alert: Aziridines

N
AN

Mechanism

Alkylation occurs via an Sy2 ring opening mechanism (Sawatari et al 2001).
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Nu = biological nucleophile

Structural alert: Sulfuranes

S

AN

Mechanism

Alkylation occurs via an Sy2 ring opening mechanism (Sawatari et al 2001).

Nu = biological nucleophile

Mechanistic alert mitigating factors

» Al structural alerts in this mechanistic alert: The carbon being attacked by the biological
nucleophile cannot be tertiary

References

Sawatari KY et al (2001) Industrial Health, 39, p341-345
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Structural alert: Mustards

H H

Y"—'fx

R R

Y = nitrogen, sulphur (any oxidation state of sulphur is allowed as long as a lone pair remains
free for the cyclisation reaction)

X=Cl,Br,1

R = sp3 carbon, hydrogen

Mechanism

Mustards have been suggested to undergo an intra-molecular cyclisation to form an electrophilic
reactive episulfonium ion. The episulfonium ion is then susceptible to Sy2 attack by biological
nucleophiles (Noll et al 2006, Smith et al 1995).

i N
UMSW — uwﬂgfﬁ\ﬁu — S

electrophile: episulfonium ion

[N AN
uﬁfﬂw — a0 M T T g

glectrophil & aziridinium ion DNA adducts

Nu = biological nucleophile.

Structural alert mitigating factors

» The carbon being attacked by the biological nucleophile cannot be tertiary

*  Fluorine is excluded due to the strength of the C-F bond
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B. Profiler: DNA Binding by OASIS

Haloalkanes Containing Heteroatom

Principal and characteristic active structural fragments:

| | | || | ‘l:H_‘J:H_‘J"H_

CH-—X CH-X CH-X CH-CH—X —N{Vs}
I —(::—n/ rfwf vy
—c—
| B b b
_(]: f/(.‘.H—J.‘.]{—I KCH—tJ-'H—X (l.‘.I-I—(I.‘.H—I svg—o0~ tllH—JIH—I
|—0 5V3) _1n|r{v,f o’
Y '
| PN /P{f‘}
S{vz}—CCh
—H‘ffqu}m}
(X =Cl, Br, I

Mechanistic Domain: Sn2
Mechanistic Alert: Alkylation, nucleophilic substitution at sp3 carbon atom

Mechanistic Domain: Radical
Mechanistic Alert: Generation of ROS by glutathione depletion (indirect)

A. Compounds with halogen at beta-position with respect to a heteroatom

Mustards and beta-haloethers belong to this sub-class of compounds, and are alkylating
agents. Generally, there is no need for metabolic activation, and the presence of labile halogen at
a- or B-position with respect to a heteroatom in the open chain determines biological activity. The
primary mechanism of action is an electrophilic attack on the nucleophilic sites of DNA. Most
nitrogen and oxygen positions on DNA bases can be alkylated under appropriate conditions but
guanine O6 or N7 (preferably), cytosine O2 and adenine N1 and N3 are the most vulnerable
targets [1 - 3]. Some examples for the formation of such adducts with guanosine are given below:
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OH GH;;G[—I;!N D[:[-I;;G[—I]N

I NS 15? fI

dR
N7-alkyl aled addnct (ﬁ—dkylﬂndad:hl:t
(dR - deaxyribose phosphate frapment)

2-Chloro-N,N-dimethylethylamine 1is structurally similar to nitrogen mustards and
possesses both the mutagenic and carcinogenic potency [4]. The stabilization of the transition
state, responsible for the DNA alkylating activities can be outlined as follows:

On the other hand, 2-(p)-haloalkylamines such as the compound N-[4-(2-
bromoethylmethylamino)-2-butynyl]-2-pyrrolidone:

also show biological activity, due to a rapid cyclization to the pharmacologically active
aziridinium ion, according to the following scheme:
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Thus the genotoxicity of this compound when administered to mouse has been explained (see
also Nitrogen Mustards) [5].

B. Compounds with Halogen in Alpha-Position with Respect to a Heteroatom

The general mechanism of action of such chemicals is believed to be similar to that of
mustards and other direct-acting alkylating agents (see above). For example, bis(2-chloroethyl)
ether (BCEE), bis(chloromethyl) ether (BCME) and chloromethyl methyl ether (CMME) are
chemicals from a large class known as chloroalkyl ethers:

CH,CH)C—O—CH)CHy1 CH,C—O—CHyQ1 CHyC—O—CH;
(BCEE) (BCME) (CMME)

Carcinogenicity studies in experimental animals (mice and rats) exposed to, e.g., BCME
have shown significantly elevated incidence of pulmonary adenomas and respiratory tumours. In
mice, inhalation exposure also indicated evidence of lung tumours. The chemicals are mutagens
in the Ames test [6]. The structure of bis(chloromethyl) ether predicts that it would be direct
alkylating agent, which is consistent with its ability to react in vitro with DNA bases [7].

The fungicide captan:

O

N—S—CCx

O
takes specific position among this class of chemicals. It is likely to exert its mutagenicity as
parent chemical [8] by different mechanism, i.e., probably by generation of reactive oxygen
species (ROS) by thiols (glutathione) depletion [9, 10]:

0 L1 ]
N—S5—CCh+RSH —— NH +BES5CC, — Thiiol deplelionr—— DNA adducis
(empopemows ) remeniion of ROS
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Mechanistic Domain: Sn2
Mechanistic Alert: Alkylation, nucleophilic substitution at sp3-carbon atom

Mechanistic Domain: Ax2
Mechanistic Alert: Shiff base formation for aldehydes

Mechanistic Domain: Sn2
Mechanistic Alert: Acylation involving a leaving group

Structural alert: Haloalkane Derivatives with Labile Halogen

Principal and characteristic active structural fragments:

A. Primary haloalkane derivatives with labile halogen at alpha-position towards other groups:

Y —CHX
(Y can be C{ar}(no X altached o C{ar},
nn mowre than two substinents altached on C{ar}
{condensed rings not o be comied)); C{acy}— C{ary};
NO,, C(0)O, C(O)H;
XisCLB D)

B. Primary haloalkane derivatives with labile halogen at beta-position towards other groups:

X—CHy—C—Y

O O O
% _ 7 / |
X=QB kY= —C . —C=N. _¢ . _—¢. —CC—
H “o— “NH— § |
“Mask’:
|
_(l_"_
X—CH;—C—Y
_

Mechanistic Domain: Sn2

Mechanistic Alert: Alkylation, nucleophilic substitution at sp3-carbon atom

Mechanistic Domain: An2
Mechanistic Alert: Shiff base formation for aldehydes
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Mechanistic Domain: Sny2
Mechanistic Alert: Acylation involving a leaving group

A. Haloalkane derivatives with labile halogen at alpha-position towards other groups

Many of these compounds represent disinfection by-products, some of which are rather
toxic. They include halonitriles, some halocarbonyl- and halocarboxyl-compounds,
halonitroalkanes, etc. Short-chain monohalogenated alkanes and their derivatives, containing
such electron-withdrawing substituents are potential direct-acting alkylating agents, particularly
if the halogen is at the terminal end of the carbon chain or at allylic (benzylic) position (primary
halogenoalkane derivatives). For example, acetonitrile is not carcinogenic in rodents and is only
weakly or marginally mutagenic. For halogenated acetonitriles, positive mutagenicity is expected,
due to the strong —I effect of the neighboring nitrile group, however, bacterial toxicity hinders the
expression of positive mutagenic potential.

Generally, the introduction of halogen to alpha- or terminal carbon atoms with the above-
mentioned structural neighbors is expected to increase the genotoxic potential by making it an
alkylating and/or cross-linking agent. On the basis of the alkylating activity, the brominated
compounds are expected to be more reactive than chlorinated ones, and iodoacetic acid is the
most toxic and genotoxic disinfection by-product in mammalian cells reported [1, 3]. For
example, bromoacetic acid is far more mutagenic than the chloroacetic acid [2]. The toxicity of
brominated and chlorinated acetic acids, however, decreases as the number of halo-substituents
increases [4]. Haloaldehydes with mono-substitution at the alpha- or terminal carbon atom are
also expected to be potential alkylating agents [1]. For example, the reaction of the strong
mutagen, chloroacetaldehyde, a reactive metabolite of the carcinogenic vinyl chloride (and
bifunctional compound) with DNA produces 1,N6-ethenoadenine, 3,N4-ethenocytosine and,
particularly, N2,3-ethenoguanine [5]. Therefore, if the substituent Y represents the reactive
aldehyde (e.g., formyl) group), the following scheme of formation of one of the DNA adducts has

been proposed [6]:
O o O
4

N
HN N ﬂHz(.‘.—C—H# HN ]"{
A A I
N~ "N 1'|*T N7 N 1~|:r
- —/

(Guanosine —
ftagment) N2_3-ethenogunanine
(dR - dexxyribose phosphate fragment)

In this case, the reactivities of both the formyl and chlorine functional groups have been
involved in the formation of the DNA adduct.
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If Y is allylic or benzylic moiety, direct attack on DNA has also been suggested [7, 8]:

Gl NH-CHCla}  NH— o= ¢’
+ G=(:—K ™~
]\/L) (] ILJ - <’ J

Me (dR. —thmyﬁbme;huqﬁﬂrﬁmmt}

Unfortunately, little information has been available, concerning directly formed DNA
adducts for the cases, where Y represent -NO,, —COOH/COOR, —CN and other electron-
withdrawing substituents. Chloroacetonitrile has been proposed to possess direct-acting DNA-
alkylating capability, which does not manifest itself to bacterial mutagenicity, due to cytotoxicity.
However, metabolic activation is also possible [9]. As far as benzyl- and allyl halides are
concerned, which also belong to this class of compounds, benzyl chloride has been found to show
mutagenicity in the Salmonella/microsome mutagenesis assay [17]. On the other hand, allyl
halides such as allyl chloride and allyl bromide showed positive results in the 4Ames mutagenicity
assay and have established DNA alkylating properties [18 - 20]. Similarly to the mechanistic
schemes outlined above, direct attack on the purine/pyrimidine bases [18, 19] (“alkylation”) has
been suggested. For these compounds, minimum steric hindrance effects are important in order to
show direct mutagenicity.

Bromonitromethane and chloronitromethane have been found to be mutagenic in the
Salmonella typhimurium bioassay in the presence of S9 system. The halonitromethanes (e.g.
chloropicrin) are significantly more potent mutagens and toxicants than the dihalomethanes in the
Salmonella typhimurium TAI100 preincubation assay, and conjugation with glutathione is also
involved [10, 11]. The following mechanism for the glutathione-dependent (enzymatic)
bioactivation and attack on DNA could be suggested, by analogy with the published data [11]:

0
N 0
0 N
x oo L e T
Gua
—dlz—x +G—SH {ﬂ?’_é';_x B _é|_m 3 |
Y Y &R

Y
(DNA (guanosine) addnc)

(Y is -NO,. X is halogen or -H)

Halogenated acetonitriles, on the other hand, can be metabolized via oxidative
dehalogenation, and this first step of the biotransformation is catalyzed by a mixed function
oxidase such as cytochrome P450. It has been proposed that halocyanoalcohols formed by the
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oxidative dehalogenation are converted to haloformaldehydes (formyl halides), which are
mutagenic metabolites [1, 9]:

o
L]
AN H

+ | \> N

- HN Ry
J'I‘ mired cion omdaze X X BN H Ill /L"\x | >

HC —CHN » HOC—CN —— UZé dE HN N |
| {enzymali) CH | (Deoxyguanosne _ (|: &
fragment) | (DNA adduct)

Monobromoacetic acid was evaluated as mutagenic in Salmonella typhimurium [12].
Possible metabolic transformation of haloacetic acids such as dichloroacetic acid takes place via
dehalogenation and one of the intermediary metabolites is glyoxylate, which is mutagenic. The
primary metabolic pathway for dichloroacetic acid involves oxidative dechlorination to form
glyoxylate. This reaction, once thought to be microsomal, Cytochrome P-450 mediated, has
now been shown to be NADPH- and GSH-dependent, and occurs predominantly in the cytosol
[13, 14]. Based upon the above considerations, the following scheme for possible bioactivation
can be expertly assumed for haloacetates:

, SR e m/&[\\” ,L)i)

[erymmaiic) |
[ '3

{::H—x —= CH-X —p{:l-lﬂﬂl-l—p |\H

COOHH) COOHH) COOHER) COOHR) |
{gynoylale- COOHIR)
mekabolile:)

B. Haloalkane derivatives with labile halogen at beta-position towards other groups

These chemicals are assumed to be direct-acting mutagens, eliciting mutagenicity by
alkylation of DNA fragments. For example, 3-chloropropionic acid binds DNA in mouse
skin. Mutagenicity has also been suggested for methyl 3-bromopropionate, 3-chlorobutanoic
acid, 3-chloropropanoic acid, etc. These compounds contain a nucleophilic center such a
carboxyl ester group in beta-position with respect to the halogen. In each case, a
conformation may be envisioned, in which the nucleophilic substituent stabilizes the
transition state of the biological alkylating agent and the possible alkylation of DNA sub-
fragments is facilitated [15]:

O b—

\““Cfﬂ“x
éﬂ 5+

CH-
| \J
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7-Carboxyethylguanine was suggested a possible DNA adduct for 3-chloropropanoic acid

[16]:
OH  cH,cH,—CcooH
N7 N .Cr
oA
LN N 'ﬁ
dr

{N/-Carboxyethylguanine fragment)

The following scheme for formation of DNA adducts can be expertly suggested:

OH H  CH,CH,—Y
¥—CGH,—CHy—X+ JN\AIIE e N :>x_r —— Other DNA addhucts
HN" N7 N H]H/I*N N
dE dR
(Deoxyguanosine Fagment) (N 7-Alkylated DNA adduct)
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Mechanistic Domain: Sy2
Mechanistic Alert: Internal Sy2 reaction with aziridinium and/or cyclic sulfonium ion
formation (enzymatic)

Mechanistic Domain: Sy2
Mechanistic Alert: DNA alkylation

Structural alert: Vicinal Dihaloalkanes

Principal structural fragments:

X=Q.Br[

Characteristic active fragments:

Y—(EH—C[—I;;X
X

(Y is—H, -(CH,),H (n=1, 2), -O(CH;),H (n =0 -2), -CH;-O-, C{acy} {sp2};
No other halogens bound to Y)

In vitro metabolic activation (bioactivation) is believed to be the main mutagenicity-
eliciting process via glutathione-mediated generation of electrophilic species.

For example, 1,2-dichloroethane is reasonably anticipated to be a human carcinogen,
based on sufficient evidence of carcinogenicity in experimental animals. /n vivo and in vitro
studies in rodents have revealed that the primary metabolic pathway for 1,2-dichloroethane
probably involves conjugation with glutathione, and the compound shows bacterial
mutagenicity. This is Sx2 (bimolecular nucleophilic attack) of glutathione GSH on the
electron-deficient carbon of 1,2-dichloroethane (also for 1,2-dibromoethane, 1,2-
dichloropropane, etc.) and S-(2-chloroethyl)-glutathione adduct is formed. One of the further
possible metabolic pathways is the loss of chloride ion with the formation of episulfonium ion,
which is highly reactive. This ion is believed to be the reactive electrophilic intermediate that
results in covalent reaction with biopolymers such as DNA, and is believed to determine the
mutagenic potential of this class of organic halides [1 — 4, 6]:
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The major product of this reaction is S-[2-(N'-guanyl)ethyl]glutathione, but N°- and
0°-guanyl adducts are also formed, and all three adducts are potentially mutagenic [3]:

CH  CH,CH,SG OCH,CH,SG

N
N - N
| “J\/[ 3

- .
N7-dkylated addnt  O6-alkylated addnct CH)SG
N2-alkylated addnc
(dR - deaxynbose phosphale fragment)

Similar mechanism of in vifro metabolic activation by forming episulfonium cation as
reactive intermediate has also been suggested for structurally similar short-chain compounds
such as 1,2-dibromo-3-chloropropane [5].

Beside 1,2-dichloroethane, 1,2-dibromoethane belonging to this class of compounds
was also found to possess bacterial mutagenicity [7]. Short-chain vicinal dihalolakanes with
halogen attached to terminal carbon atom are assumed to act by direct alkylation mechanism,
too. Other short-chain vicinal haloalkane derivatives with electron-withdrawing heteroatoms
adjacent to the -CHX fragment such as 1-methoxy-1,2-dichloroethane, 2,3-dibromo-propanol,
etc., are believed to cause also direct mutagenicity by alkylation mechanism:

0 L)
A\ A\
—O0—CH—-CH -
Hoawxs 7 ] ) T o= R
X NN —O—CH—CH—m~ N~ N
dr )|{ dr

(One possible DNA alkylated addact)
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Mechanistic Domain: Sny2
Mechanistic Alert: Alkylation, direct acting epoxides and related

Structural alert: Epoxides and Aziridines

Principal structural fragments:

v

O N

Mono-substituted epoxides have two elecrophilic carbon atoms (a- and B-carbons). The
site of nucleophilic attack on alkyl epoxides under physiological conditions occurs principally at
the less substituted, sterically more accessible B-carbon atom. However, epoxides with vicinal
aromatic or vinyl group such as styrene epoxide and butadiene monoepoxide can react through
both C-atoms, due to substituent effects leading to increase of positive charge on the o-
carbon. Under physiological conditions, the main alkylation sites for simple alkyl epoxides
are N7 guanine, N1-and N3-adenine, and N3-cytosine, since these heterocyclic ring nitrogens are
the most nucleophilic sites for attack. Therefore, for the epoxide structural fragments, direct
alkylation mechanisms have been proposed. Epoxides such as ethylene oxide, propylene oxide
and glycydol are known carcinogens that are widely used in industrial chemistry. Mutagenic and
carcinogenic epoxides can also be formed metabolically from alkenes such as ethylene,
butadiene, propylene and styrene and from vinyl monomers like acrylonitrile and acrylamide.
Simple epoxides react with nucleic acid bases to form 2-hydroxy-2-alkyl adducts. These are
fairly unstable, due to the presence of a charged quaternary nitrogen at the site of alkylation and
frequently undergo “depurination” to remove the charge. This leads to the formation of highly
mutagenic sites. The final form of adduct is uncharged and stable. It is mutagenic and contributes
to the toxicological hazards of exposure to simple epoxides [1]:

H;N H:N
= N N N
\|/ \‘:\ +‘\ﬁ+ YO Y | ‘} (epurimalion) Y | ‘}\
C C HN N+ / / — HN N/
| "C—C—0H "C—C—0H
0 | 0 | ]

(DNA fragment)
(dR - deaxymibose phosphair: fragment)

Epoxides such as styrene oxide and butadiene monoepoxide can also modify exocyclic
groups as shown below [1]:
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CH (4R - deoxyribose phosphate fragment)

However, epichlorohydrin, unlike many other epoxides, acts as bifunctional alkylating
agent. For alkylation of adenine, for example, the epoxide undergoes first ring opening; then
cyclization and loss of HCI via the attack on N6, and the carbon, carrying chlorine contributes to
the formation of 1,N6-2-hydroxypropanoadenine adduct [2]:

NI, HO l NE, HO ﬁj{\\]{
HC HzC
N# N NF N
Cl—CH—CH | — R
Y 2 + I“\“N | 1*|I> [IM\“H | 1~|I>] . L‘“N | };)
dR di dR
1L N6 hrndxypoopannadenine

In substructures, about which more than ten test results have been reported, the epoxide
fragment is most highly correlated with mutagenicity, and the percentage of positive compounds
was found to be 65 — 70. Therefore, compounds that contain or are metabolically activated to
products with the highly-strained epoxide fragment in the structure can be considered as suspect
carcinogens [3]. For example, the well-known carcinogen (and bacterial mutagen) Aflatoxin Bl
1s metabolically activated to aflatoxin B1 exo0-8,9-epoxide by CYP 450 monooxygenase, which
then reacts with N7 of guanine to form the primary DNA adduct [4]:
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The mutagenicity of a series of 13 epoxide compounds has been studied. Mono-substituted
epoxides such as allyl glycidyl ether, n-butyl glycidyl ether, vinyl cyclohexene diepoxide,
glycidol, glycidaldehyde, diglycidyl ether, diepoxybutane and diglycidyl ether of substituted
glycerine were mutagenic in TA100 strain. The mutagenic compounds had linear structure,
without any groups causing steric hindrance. On the contrary, dieldrin was inactive, due to its
relatively high molecular weight, specific molecular structural envelope, and, possibly, large
number of chlorine atoms causing excessive hydrophobicity. Higher-molecular weight
derivatives of diglycidyl bisphenol-A were also negative in the Ames bacterial mutagenicity test,
due to the high molecular mass and branched structure [5]. Similar results, associated with the
molecular structure of epoxides were obtained, according to another publication, dealing with 45
epoxides of large structural diversity, of which mono-substituted epoxides such as
epichlorohydrin, epibromohydrin, 1,2-epoxibutane, propylene oxide, glycidol, glycidaldehyde,
1,2,3,4-diepoxybutane, styrene oxide, etc. produced positive Ames test results [6].

According to another publication, halogenated derivatives of simple monosubstituted
epoxides such as epichlorohydrin and epibromohydrin had much stronger DNA alkylating
capability and bacterial mutagenicity than propylene oxide, butylene oxide, etc. The electron-
withdrawing effects of the haloalkyl groups in the halogenated derivatives apparently contributes
to higher epoxide reactivity [7].

The in vitro genotoxicity of 51 epoxides has been studied by employing the Ames test with
Salmonella typhimurium strains TA98, TA100, TA1535, and TA1537. Approximately, 75 — 80 %
of all tested epoxides (mostly mono-substituted ones) were found to show positive bacterial
mutagenicity [8], and their principal sub-structures are given below:
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1,2-Disubstituted cycloaliphatic epoxides with one or two oxirane ring fragments such as
cyclopentane- and cyclohexane oxide, diepoxycyclooctane, vinylcyclohexane dioxide,
cyclopentene- and cyclohexene-3,4-epoxides, etc., were also found to show, at least, weak
bacterial mutagenicity effects in the base-pair indicator strains TA100 and TA1535 [9]. Some
1,1- and 1,2-disubstituted epoxides such as 2,3-epoxybutane and oxaspiro-epoxides have also
shown Ames mutagenicity, and the structural requirements associated with minimal steric
hindrance in the vicinity of epoxide group fully apply [10, 11].

According to another publication, none of the tested chemicals such as epoxysteroids, vitamin
K epoxides, pesticides (dieldrin, eldrin, heptachlor epoxides), and, also, some natural products,
metabolites and antibiotics such as oleandomycin, anticapsin and asperlin, carbamazepine-9,10-
oxide, diethylstilbestrol-a,B-oxide, scopolamine, etc. showed any mutagenic activity in the Ames
test. This indicates that epoxides with complex molecular structures and more than one
substituent at the epoxide moiety, which are relatively more inert and stable, and, especially,
more sterically hindered, are inactive in the Ames mutagenicity assay. In contrast, benzo[a]pyrene
4,5-oxide, benzo[e]pyrene 4,5-oxide and 7,12-dimethylbenz[a]-anthracene 5,6-oxide, derived
from polycyclic aromatic hydrocarbons (PAH) are potent mutagens [12].

Halogenated epoxides as metabolites of some haloalkenes such as vinylidene chloride and
vinyl chloride, are also bacterial mutagens [13]. Non-allylic chloropropenes and their
homologues, being chloro-substituted in vinyl position are mutagenic in the presence of S9
metabolic activation system. This has been explaineded by the polarizing —I and M-effects of
halogen and the alkyl substituents bound to the C=C bond. The metabolic activation of such
chemicals was associated with the epoxide formation [14]. In these cases, the lack of significant
steric hindrance effects is essential for the mutagenic activity.
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According to another publication, 2,3-epoxyaldehydes are also genotoxic chemicals. These
compounds may exist as parents but, more probably, can be formed as metabolites of alpha-beta-
unsaturated aldehydes. The structure of their adducts with guanosine can be outlined as follows
[15]:

Aziridine (ethyleneimine) reacts with DNA in vitro mainly at the N7 position of guanine
and N3 of adenine; then imidazole ring opening of the modified guanine fragment results in the
formation of formamidopyrimidine adducts [16]. Possible scheme for the formation of such
adducts [17] is outlined below:

. o QH{ J:/é—h{
o

xﬁ“ :*LLJI“—:LJ\I

Gaa
(dR - deaxyribose phosphate fragment) G“""mmg““l’“‘“‘m
formamidogryrimidine

Arene imines, also containing aziridine structural fragment were shown to be very strong
mutagens in bacterial and mammalian cells [18].

Conclusions:
[.  Structurally generalized active alerting groups for epoxides:

o Monosubstituted epoxides:

CHy—CH—

N/
o

o Simple cycloaliphatic epoxides:

Appendix 7/ 19



O
P
CH—CH
(CHp{scyta
n=2-8)

o 1.1-Disubstituted epoxides and spiro-epoxides:

m=1-F;n=1-3) XisQorBs

(If (CHp) is acydhic, the
terminal group is CH3z)

o 1.,2-Disubstitured epoxides (including cycloaliphatic epoxides):

Y;—CH—CH—Y>

Y1 and Y7 can be the following shradhoral
moehies:

@ (CHp H(n=1-2)

(b) CHy{scy} and -CH{scy}=CH {scy}-

(c) CH{sp3}{scy} and O{scy} or -NH{scy}

(d) Y is A or B Yqis C

o Other terminal polarized epoxides:

o cH-v
TN/

O
(Y can be C1. Bror -CHOY

o Polycvyelic Aromatic Hydrocarbons (PAH)-derived epoxides:

(im € or’H orbotl)
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II.

Structurally-generalized active alerting groups for aziridines:

A

N
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Haloalcohols

Principal structural fragments and alerting groups eliciting in vitro
bacterial mutagenicity:

(X = Cl, Br, J)

Mechanistic Domain: E2 (elimination reaction)

Mechanistic Alert: E2 reaction with epoxide formation

Mechanistic Domain: Radical

Mechanistic Alert: ROS formation after GSH depletion

A.1. Direct-acting mutagens: alkylation of DNA by epoxide formed by bacterial
dehalogenase — no external S9 metabolic activation system required

The metabolism of 1,3-dichloropropan-2-ol is likely to produce a reactive epoxide intermediate
that could damage DNA, and this compound was found to be mutagenic to Salmonella typhimurium
strains TA1535 and/or TA 100. 2,3 Dichloropropan-1-ol, on the other hand, was also mutagenic in
vitro in Salmonella typhimurium strains TA 100 and TA 1535 in a study with and without metabolic
activation [1]. The formation of epoxide intermediate (mutagenicity alert group) can be influenced by
haloalcohol dehalogenases which are bacterial enzymes that catalyze the cofactor-independent
dehalogenation of vicinal haloalcohols. Typical example in this respect is again the genotoxic
environmental pollutant 1,3-dichloro-2-propanol, which produces epoxide, chloride ion and proton
[2]. Then the epoxide is likely to exert its DNA alkylation capability [3]:
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A.2. Mutagens requiring metabolic activation (S9, etc.).

Some authors have assumed genotoxicity mechanism, associated with glutathione depletion
as glutathione S-transferase was used as the enzyme source, especially with bromohydrins such
as 1,3-dibromopropanol [4]. It is likely that the protection afforded by glutathione against the
toxicity of this chemical is mediated through the activity of cytosolic glutathione S-transferase.
While 1,3-dichloro-2-propanol is relatively poor substrate for glutathione S-transferase, the
dibromo-analogue causes extensive glutathione depletion [4]. According to another study,
dichloropropanols  such as  1,3-dichloropropan-2-ol,  2,3-dichloropropan-1-0l, 1,3-
dibromopropan-2-ol, 1,4-dibromopropan-2-ol, 1-bromopropan-2-ol, other haloalcohols and their
metabolites such as epichlorohydrin have been proved to deplete glutathione when incubated
with liver fractions obtained from rats. However, difluoropropanols did not deplete glutathione
[5].

It is therefore expertly assumed that glutathione depletion would further give rise to
formation of ROS and DNA adducts:
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C. Profiler: Protein binding alerts for Chromosomal aberration by
OASISv1.1

Mechanistic domain: Sn2
Mechanistic alert: Nucleophilic type substitution together with ring-opening of an

episulfonium ion intermediate

Mechanistic domain: An2

Mechanistic alert: Michael type nucleophilic addition and Schiff base formation

Structural alert: Halogenated Vicinal Hydrocarbons

Halogenated chemicals have many uses in industrial processes as solvents, precursors of vinyl
monomers, pesticides, gasoline additives and synthetic building blocks [1].
Dihalogenated vicinal compounds can be presented by the following general structure:

H
lz |1
Y-C—C-X,
|
.6
where: X; and X, = Br, CI, I; C, and C, = Csp’ (acy or scy); Y = H, Csp’ (acy or
scy), OH, O-P™ and S™

First mechanism — GSH-dependent activation of vicinal dihaloalkanes

Mechanistic domain: S\2
Mechanistic alert: Nucleophilic type substitution together with ring-opening of an

episulfonium ion intermediate

All halogenated hydrocarbons can be acutely toxic at high doses due to their general
anesthetic properties. A significant and dose-dependent increase in the frequency of
chromosomal aberrations was observed in the cultures treated with 1,2-dibromoethane
(ethylene dibromide (EDB)), 1,2-dichloroethane (ethylene dichloride (EDC)), 1-bromo-2-
chloroethane (BCE), 1,2-dibromo-3-chloroethane (DBCE), 2,3-dichloro-1-propanol (DCP-
OH), 2,3-dibromo-1-propanol (DBP-OH), tris(2,3-dibromo-1-propyl)phosphate (tris-DBP-
Ph), bis(2,3-dibromo-1-propyl)phosphate (bis-DBP-Ph) and captafol [2-6]. Both 1,2-
dibromoethane and 1,2-dibromo-3-chloroethane induced cancer in rats and mice [2].
Moreover, a series of studies on the biological activity of 1,2-dibromoethane, 1,2-
dichloroethane and 1,2-dibromo-3-chloroethane was performed and evidence was obtained

that this chemicals became bound to cellular macromolecules such as DNA, RNA and
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proteins [1-3].
1,2-Dichloroethane, 1,2-dibromoethane, and the mixed 1-bromo-2-chloroethane can be

activated to electrophilic species by either oxidative metabolism or conjugation with
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glutathione [1-3]. Although conjugation is generally a route of detoxification, in this case it
leads to genetic damage. EDC has been shown to induce DNA adduct formation as a result of
GSH-dependent bioactivation [7]. The major DNA adduct formed from EDB in vitro has been
identified as S-[2-(N’-guanyl)ethyl]glutathione, which is believed to arise via GSH half-
mustard (GS-CH,-CH,-X) [1,3]. The mechanism of alkylation is associated with an
episulfonium (tiiranium) ion formation involving GSH half-mustard and the subsequent
binding with the N7-position of guanine to yield a bulky DNA adduct via the depurination
reaction (Scheme 1).

Scheme 1

XX + GSH

X=-m d

N7-Guanyl akduct

The other known GSH-ethylene conjugates that have been found with BrCH,CH,Br are
N?- and O°-guanyl derivatives. However, only with the N7-guanyl adduct depurination occurs,
which could result in respective mutations [1]. For the series of 10 direct alkylating
halogenated hydrocarbons a positive relationship between carcinogenicity and the initial
ratios of O°/N7-alkylguanine formed with double-stranded DNA was found in vitro [8].

In vitro evidence for some DNA adduct formation via the GSH-conjugation pathway
could be obtained for 1,2-dibromo-3-chloropropane, 2,3-dibromo-1-propanol and tris(2,3-
dibromopropyl)phosphate [1], although the contribution of oxidative pathways seems to be

more important [9].

Second mechanism — Oxidative activation of vicinal dihaloalkanes

Mechanistic domain: 4An2
Mechanistic alert: Michael type nucleophilic addition and Schiff base formation
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It is conceivable, that the induction of chromosomal aberrations in the superoxide-
generating system may be directly or indirectly due to hydrogen peroxide formed in the
cultured medium as a result of the spontaneous dismutation reaction of superoxide [10]. 2,3-
Dibromo-1-propanol formed as a result of hydrolysis of tris-DBP-Ph and DBP-OH are able to
undergo oxidation and oxidative dehalogenation to the corresponding unsaturated aldehyde
(2-bromoacrolein) in the presence of hydrogen peroxide [10]. 2-Bromoacrolein formed, as an
o,p-unsatured aldehyde, can participate in Michael type addition reaction as well as in the
reaction of Schiff base formation. DCP-OH is able to form protein adducts in the same
mechanisms as DBP-OH. All these consecutive transformations are shown in Scheme 2.

Scheme 2

Michael type addition reaction

O P NH 0O
CHy-CH-CH; ——» H0=C-C7_  — 2 » Py NH-CH) CH-C?
| | | -HBr % T ! | ~H
Br Br OH Br Bx
Schiff base formation
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Mechanistic domain: S\2

Mechanistic alert: Alkylation by nucleophilic substitution at sp’-Carbon atom.

Structural alert: alpha-Activated Haloalkanes

alpha-Activated haloalkanes possess electron-withdrawing groups or sp*(sp)-carbon atoms,

directly bound to the alpha-carbon atom and can be presented with the following general

structures:
H H
| & la
Y=C—C —Ha ¥Y=C—C —Hd
| | [
R K R

where Hal=Cl, Br, I; Y= Csp2(Vinyl,acy), Csp, or Oxygen atom;
R=H, OH, NspB(acy)—Cspz(aryl); R'=H, Csp3(acy), Csp’—Hal (Hal =F, CI, Br, 1)

The chemicals such as 1,3-dichloropropene, 3,4-dichloro-1-butene, 2-bromopropanoic
acid, alachlor and butachlor have been tested in in vitro chromosomal aberration assays with
and without metabolic activation. Positive results have been obtained in the Chinese hamster
ovary or lung cells without and in some cases with metabolic activation [1-4].

The compounds containing an allylic or propargylic moiety (such as 1,3-dichloropropene
and 3.,4-dichloro-1-butene, propargyl bromide) possess chemically good leaving groups
(halogen atoms) and show direct mutagenic activity in the absence of S9 mix. This effect is
theoretically explained by nucleophilic substitution reactions (mainly Sx2-type), leading to
the alkylation of DNA and proteins [5].

The other compounds with a carbonyl group adjacent to the halogen atom (alachlor and
butachlor) can also undergo displacement reactions with a strong nucleophiles [6]. It was
shown that they are able to form glutathione conjugates through nucleophilic attack on the
alpha-carbon atom [7]. In addition, alachlor S-cysteinyl-protein adducts were examined as
potential biomarkers of alachlor exposure, a genotoxic and carcinogenic herbicide [8].

The Sn2 reaction mechanism between a-activated haloalkanes and protein thiolate ion is

shown in Schemel.

Scheme 1
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D. Profiler: In vitro mutagenicity (Ames test) alerts by ISS

Aliphatic halogens

R

[Br.chi

H
R = any atom/group

Numerous haloalkanes have been tested for carcinogenic and mutagenic activities. In general,
the genotoxic potential is dependent on the nature, number, and position of halogen(s) and the
molecular size of the compound (Woo et al. 2002). Although some aliphatic halogens have
been shown to directly alkylate macromolecules (Bolt and Gansewendt 1993),
biotransformation may also play an important role in their toxicity. Cytochrome P450
oxidation may produce gem-halohydrins that spontaneously dehydrohalogenate to reactive
carbonyl compounds (Guengerich 1991), (see reaction 1). Alternatively, glutathione (GSH)
conjugation via GSH transferases, has been proposed as an activation mechanism for several
halogenated alkanes (Guengerich 2003b); (Guengerich 2003a) (as an example for
dihaloethanes see Reaction 2).

(os
P-450 [ e

RZCH}{ s Ry —_—= REC=D

1.

2.

G5H, G5H S-Transferase
HCH, CH_X ~  GICH,CHX —--[ es"ﬂ]

|

-
[@e

(diRib

BT -guany| adduct
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Fully halogenated haloalkanes tend to act by free radical or nongenotoxic mechanisms (Woo
et al. 2002). In the case of CCl4 (see reaction 3.), P450 reduces CCl4 to the trichloromethyl
radical which can bind to cellular molecules (nucleic acid, protein, lipid), impairing crucial
cellular processes.

P-450
cely ——= CCly» — CCl0.¢ —s —= CI.0=0

phosgene

Adduct formation between CCI3* and DNA is thought to function as initiator in the case of
hepatic cancer. This radical can also react with oxygen to form highly reactive species, the
trichloromethylperoxy radical CCI300%*, that may initiate the chain reaction of lipid
peroxidation, and ultimately generate phosgene (Guengerich 1991).
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Simple Aldehydes

ﬂ
0 R
R= aliphatic or aromatic carbon
alpha, beta-unsaturated aldehydes are excluded

All compounds carrying an aldehydic group can potentially undergo Schiff base formation
with a primary amine. They are to be considered potentially genotoxic, as demonstrated in
vivo ability to react with nucleobases, without metabolic activation, forming adducts,
interbase cross-links (both intra and inter-strand), and DNA-protein crosslinks The length of
carbon chain for aliphatic aldehydes, and in general molecular size, can strongly modulate the
formation of every type of cross-link and even the accessibility of the DNA nucleobases
(Romano Zito, personal communication). DNA-protein crosslinks have been reported as the
primary DNA damage induced by formaldehyde (Speit ef al. 2007). The initial step of the
reaction probably involves formation of an unstable Schiff base with the exocyclic amino
group of deoxyguanosine dG (1a). In the case of acetaldehyde, this intermediate (1b) could be
stabilized by reduction, producing N2-ethyl-dG (2), or alternatively may react with a second
molecule of acetaldehyde forming a new aldehyde adduct (3) that ultimately cyclize in an 8-
hydroxypropano adduct (4). The latter exists in equilibrium with its ring-opened aldehyde
form, and may undergo condensation with another guanine to form imine-linked bis-
nucleoside (5) which in turn cyclizes to pyrimidopurinone (6) (Wang et al. 2000).

I 1
RCHO M MH CH_CHO I}
7 R 3 4 M e
RGN O
e
o H:;J\H " NJ;I\NH’J\V/‘\“*O
a 1ah oR 3
2 R=H irterstrand dG \
b: R=CH, / o
o]

M l 4
dR
ﬂ Hyy 47
y
a0l
\ Nf)l\N CH,
dr: H
o]

Some aldehydes may also induce hydroxyalkyl adducts in DNA, but the relevance of these
DNA modifications for mutagenicity is unclear (Speit et al. 2007).
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Epoxides and Aziridines

o

/N o

R = any atom/group

Dz—:u

Due to the large ring strain associated with the three-membered ring, epoxides are highly
reactive molecules. They may react with nucleophilic centers of DNA molecules, giving rise
to alkylated products.

(0 OH
A Nu/\/
Ca

Because of their reactivity they are important intermediates in chemical industry, especially in
polymer production. Furthermore, epoxides may be produced endogenously by the enzymatic
oxidation of other chemicals, many of which are common environmental pollutants (such as
PAH, alkenes). Consequently considerable human exposure arises. The most likely route of
exposure to these agents is by inhalation, although the possibility of dermal and oral
absorption should also be considered. The site of alkylation of the DNA constituents is mainly
determined by the ionic character of the epoxide (Koskinen and PIna 2000); (Barlow and
Dipple 1998) Reactions at the ring nitrogen positions follow a bimolecular displacement
mechanism whereas modification of the exocyclic groups requires some degree of substrate
ionization for reaction to occur (Barlow and Dipple 1998). Simple alkyl epoxides, that are not
able to stabilize an ionic charge to any great extent, react predominantly at endocyclic base
nitrogens, giving rise, preferentially, to +-hydroxyethyl derivatives of cytosine-N3, adenine-
N1 and N3, and guanine-N7. Molecules that are more efficient in stabilizing an ionic charge,
may modify also exocyclic groups (i.e., styrene oxide, butadiene monoepoxide, PAH
(Koskinen and PIna 2000); (Barlow and Dipple 1998). Aziridines are extremely reactive
alkylating agents that may react by ring-opening reactions similar to those of epoxides.

There are several classes of aziridine-containing natural products that exhibit potent biological
activity. Among them, the mitomycins, that exhibit both anti-tumour and antibiotic activity
(Sweeney 2002). Another class of naturally-occurring aziridine derivatives possessing potent
cytotoxic and antitumor activities, is the Azinomycin family. The activity of these compounds
lies in their ability to act as DNA cross-linking agents, via nucleophilic ring-opening of the
aziridine and epoxide moieties by N-7 positions of purines (Zang and Gates 2000). It is not
clear at present which ring opening reaction takes precedence in the cross-linking event.

The PBI (pyrrolo[ 1,2-a]benzimidazole) class of natural products, represents another type of
DNA-alkylating species containing an aziridine moiety. In these compounds, the aziridine
undergoes ring-opening by nucleophilic attack of the DNA phosphate backbone, resulting in
formation of a hydrolytically labile phosphotriester (that may eventually cause DNA
cleavage) (Schultz et al. 1995).
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E. Profiler: DNA alerts for AMES, MN and CA by OASIS v.1.3

Mechanistic Domain: Sn2
Mechanistic Alert: Alkylation, nucleophilic substitution at sp3-carbon atom

Mechanistic Domain: Ax2
Mechanistic Alert: Shiff base formation for aldehydes

Mechanistic Domain: Sn2
Mechanistic Alert: Acylation involving a leaving group

Structural alert: Haloalkane Derivatives with Labile Halogen

Principal and characteristic active structural fragments:

A. Primary haloalkane derivatives with labile halogen at alpha-position towards other
groups:

Y —CHX
(Y can be C{ar}(no X altached to C{ar},
nn more than two substimenis altarhed on C{ar}
{condensed rmgs not to be comied)); C{acy}— C{acy};
NO,, C(O)O, C(O)H;
XisCOLBr )

B. Primary haloalkane derivatives with labile halogen at beta-position towards other
groups:

X—CHy;—C—Y
O O O
z B o i |
X=QB,LY= —C . —C=N., _¢ . . —C—C—_ —NO,
H “o— “NH— § |
“Mask’:
|
_(l_"_
X—Cl-lg—(ll—Y
I o I

A. Haloalkane derivatives with labile halogen at alpha-position towards other groups
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Many of these compounds represent disinfection by-products, some of which are rather
toxic. They include halonitriles, some halocarbonyl- and halocarboxyl-compounds,
halonitroalkanes, etc. Short-chain monohalogenated alkanes and their derivatives, containing
such electron-withdrawing substituents are potential direct-acting alkylating agents, particularly
if the halogen is at the terminal end of the carbon chain or at allylic (benzylic) position (primary
halogenoalkane derivatives). For example, acetonitrile is not carcinogenic in rodents and is only
weakly or marginally mutagenic. For halogenated acetonitriles, positive mutagenicity is expected,
due to the strong —I effect of the neighboring nitrile group, however, bacterial toxicity hinders the
expression of positive mutagenic potential.

Generally, the introduction of halogen to alpha- or terminal carbon atoms with the above-
mentioned structural neighbors is expected to increase the genotoxic potential by making it an
alkylating and/or cross-linking agent. On the basis of the alkylating activity, the brominated
compounds are expected to be more reactive than chlorinated ones, and iodoacetic acid is the
most toxic and genotoxic disinfection by-product in mammalian cells reported [1, 3]. For
example, bromoacetic acid is far more mutagenic than the chloroacetic acid [2]. The toxicity of
brominated and chlorinated acetic acids, however, decreases as the number of halo-substituents
increases [4]. Haloaldehydes with mono-substitution at the alpha- or terminal carbon atom are
also expected to be potential alkylating agents [1]. For example, the reaction of the strong
mutagen, chloroacetaldehyde, a reactive metabolite of the carcinogenic vinyl chloride (and
bifunctional compound) with DNA produces 1,N6-ethenoadenine, 3,N4-ethenocytosine and,
particularly, N2,3-ethenoguanine [5]. Therefore, if the substituent Y represents the reactive
aldehyde (e.g., formyl) group), the following scheme of formation of one of the DNA adducts has

been proposed [6]:
O o o

A

N _
HN 2 a;c—cC H: HN ]{
BNy v,
HNT N7 N N7 NN
& —/ =

(Guanosine __
{dR - deaxynbose phosphale fragment)

In this case, the reactivities of both the formyl and chlorine functional groups have been
involved in the formation of the DNA adduct.
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If Y is allylic or benzylic moiety, direct attack on DNA has also been suggested [7, 8]:

Gl NH-CHCla}  NH— o= ¢’
+ G=(:—K ™~
]\/L) (] ILJ - <’ J

Me (dR. —thmyﬁbme;huqﬁﬂrﬁmmt}

Unfortunately, little information has been available, concerning directly formed DNA
adducts for the cases, where Y represent -NO,, —COOH/COOR, —CN and other electron-
withdrawing substituents. Chloroacetonitrile has been proposed to possess direct-acting DNA-
alkylating capability, which does not manifest itself to bacterial mutagenicity, due to cytotoxicity.
However, metabolic activation is also possible [9]. As far as benzyl- and allyl halides are
concerned, which also belong to this class of compounds, benzyl chloride has been found to show
mutagenicity in the Salmonella/microsome mutagenesis assay [17]. On the other hand, allyl
halides such as allyl chloride and allyl bromide showed positive results in the 4Ames mutagenicity
assay and have established DNA alkylating properties [18 - 20]. Similarly to the mechanistic
schemes outlined above, direct attack on the purine/pyrimidine bases [18, 19] (“alkylation”) has
been suggested. For these compounds, minimum steric hindrance effects are important in order to
show direct mutagenicity.

Bromonitromethane and chloronitromethane have been found to be mutagenic in the
Salmonella typhimurium bioassay in the presence of S9 system. The halonitromethanes (e.g.
chloropicrin) are significantly more potent mutagens and toxicants than the dihalomethanes in the
Salmonella typhimurium TAI100 preincubation assay, and conjugation with glutathione is also
involved [10, 11]. The following mechanism for the glutathione-dependent (enzymatic)
bioactivation and attack on DNA could be suggested, by analogy with the published data [11]:

0
N 0
0 N
x oo L e T
Gua
—dlz—x +G—SH {ﬂ?’_é';_x B _é|_m 3 |
Y Y &R

Y
(DNA (guanosine) addnc)

(Y is -NO,. X is halogen or -H)

Halogenated acetonitriles, on the other hand, can be metabolized via oxidative
dehalogenation, and this first step of the biotransformation is catalyzed by a mixed function
oxidase such as cytochrome P450. It has been proposed that halocyanoalcohols formed by the

Appendix 7/ 11



oxidative dehalogenation are converted to haloformaldehydes (formyl halides), which are
mutagenic metabolites [1, 9]:

o
L]
AN H

+ | \> N

- HN Ry
J'I‘ mired cion omdaze X X BN H Ill /L"\x | >

HC —CHN » HOC—CN —— UZé dE HN N |
| {enzymali) CH | (Deoxyguanosne _ (|: &
fragment) | (DNA adduct)

Monobromoacetic acid was evaluated as mutagenic in Salmonella typhimurium [12].
Possible metabolic transformation of haloacetic acids such as dichloroacetic acid takes place via
dehalogenation and one of the intermediary metabolites is glyoxylate, which is mutagenic. The
primary metabolic pathway for dichloroacetic acid involves oxidative dechlorination to form
glyoxylate. This reaction, once thought to be microsomal, Cytochrome P-450 mediated, has
now been shown to be NADPH- and GSH-dependent, and occurs predominantly in the cytosol
[13, 14]. Based upon the above considerations, the following scheme for possible bioactivation
can be expertly assumed for haloacetates:

, SR e m/&[\\” ,L)i)

[erymmaiic) |
[ '3

{::H—x —= CH-X —p{:l-lﬂﬂl-l—p |\H

COOHH) COOHH) COOHER) COOHR) |
{gynoylale- COOHIR)
mekabolile:)

B. Haloalkane derivatives with labile halogen at beta-position towards other groups

These chemicals are assumed to be direct-acting mutagens, eliciting mutagenicity by
alkylation of DNA fragments. For example, 3-chloropropionic acid binds DNA in mouse
skin. Mutagenicity has also been suggested for methyl 3-bromopropionate, 3-chlorobutanoic
acid, 3-chloropropanoic acid, etc. These compounds contain a nucleophilic center such a
carboxyl ester group in beta-position with respect to the halogen. In each case, a
conformation may be envisioned, in which the nucleophilic substituent stabilizes the
transition state of the biological alkylating agent and the possible alkylation of DNA sub-
fragments is facilitated [15]:

O b—

\““Cfﬂ“x
éﬂ 5+

CH-
| \J
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7-Carboxyethylguanine was suggested a possible DNA adduct for 3-chloropropanoic acid

[16]:
OH  cH,cH,—CcooH
N7 N .Cr
oA
LN N 'ﬁ
dr

{N/-Carboxyethylguanine fragment)

The following scheme for formation of DNA adducts can be expertly suggested:

OH H  CH,CH,—Y
¥—CGH,—CHy—X+ JN\AIIE e N :>x_r —— Other DNA addhucts
HN" N7 N H]H/I*N N
dE dR
(Deoxyguanosine Fagment) (N 7-Alkylated DNA adduct)
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Mechanistic Domain: Sy2
Mechanistic Alert: Internal Sy2 reaction with aziridinium and/or cyclic sulfonium ion
formation (enzymatic)

Mechanistic Domain: Sy2
Mechanistic Alert: DNA alkylation

Structural alert: Vicinal Dihaloalkanes

Principal structural fragments:

X=CQ.Br[

Characteristic active fragments:

Y—tlzﬂ—cﬂ;!x
X

(Yis —H, -(CH2),H (n =1, 2), -O(CH;),H (n = 0 -2), -CH»-O-, C{acy} {sp2};
No other halogens bound to Y)

In vitro metabolic activation (bioactivation) is believed to be the main mutagenicity-
eliciting process via glutathione-mediated generation of electrophilic species.

For example, 1,2-dichloroethane is reasonably anticipated to be a human carcinogen,
based on sufficient evidence of carcinogenicity in experimental animals. /n vivo and in vitro
studies in rodents have revealed that the primary metabolic pathway for 1,2-dichloroethane
probably involves conjugation with glutathione, and the compound shows bacterial
mutagenicity. This is Sx2 (bimolecular nucleophilic attack) of glutathione GSH on the
electron-deficient carbon of 1,2-dichloroethane (also for 1,2-dibromoethane, 1,2-
dichloropropane, etc.) and S-(2-chloroethyl)-glutathione adduct is formed. One of the further
possible metabolic pathways is the loss of chloride ion with the formation of episulfonium ion,
which is highly reactive. This ion is believed to be the reactive electrophilic intermediate that
results in covalent reaction with biopolymers such as DNA, and is believed to determine the
mutagenic potential of this class of organic halides [1 — 4, 6]:
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The major product of this reaction is S-[2-(N'-guanyl)ethyl]glutathione, but N°- and
0°-guanyl adducts are also formed, and all three adducts are potentially mutagenic [3]:

OH CH;CHySG OCH,CH3SG

Becil el

N7 lated addnct
-alky Ob6-akylated addoct

{(dR - deaxyrbose phosphale frapment)

Similar mechanism of in vitro metabolic activation by forming episulfonium cation as
reactive intermediate has also been suggested for structurally similar short-chain compounds
such as 1,2-dibromo-3-chloropropane [5].

Beside 1,2-dichloroethane, 1,2-dibromoethane belonging to this class of compounds
was also found to possess bacterial mutagenicity [7]. Short-chain vicinal dihalolakanes with
halogen attached to terminal carbon atom are assumed to act by direct alkylation mechanism,
too. Other short-chain vicinal haloalkane derivatives with electron-withdrawing heteroatoms
adjacent to the -CHX fragment such as 1-methoxy-1,2-dichloroethane, 2,3-dibromo-propanol,
etc., are believed to cause also direct mutagenicity by alkylation mechanism:

0 0
R R
—O0O—CH—-CH -
Hocwxs T ] ) T om R
X NN —O—CH—CH—m~ N~ N
dg )|{ dg
{(Deaxypuanosine frapment)

(One possible DNA alkyl ated addact)
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Mechanistic Domain: Sy2
Mechanistic Alert: Alkylation, direct-acting epoxide formed after E2 reaction

Mechanistic Domain: Radical
Mechanistic Alert: ROS formation after GSH depletion (indirect)

Structural alert: Haloalcohols

Principal structural fragments and alerting groups eliciting in vitro bacterial mutagenicity:

H H

I I
Y—(lf{ﬂ:r} —(lf{ﬂl:r}—
OH

(Y can be C{sp3} or H)

(X =Cl, Br, J)

X—(CHy),— OH
Xis Q. Br.n=3-10

The metabolism of 1,3-dichloropropan-2-ol is likely to produce a reactive epoxide
intermediate that could damage DNA, and this compound was found to be mutagenic to
Salmonella typhimurium strains TA1535 and/or TA 100. 2,3 Dichloropropan-1-ol, on the other
hand, was also mutagenic in vitro in Salmonella typhimurium strains TA 100 and TA 1535 in a
study with and without metabolic activation [1]. The formation of epoxide intermediate
(mutagenicity alert group) can be influenced by haloalcohol dehalogenases which are bacterial
enzymes that catalyze the cofactor-independent dehalogenation of vicinal haloalcohols. Typical
example in this respect is again the genotoxic environmental pollutant 1,3-dichloro-2-propanol,
which produces epoxide, chloride ion and proton [2]. Then the epoxide is likely to exert its DNA

alkylation capability [3]:
BN
LI
0 & lj.'H—éH —oH

_ EN
1 /;J;E_;I:E_ S R m-mﬂmm jén
o N

(M F-allylaie d goanine fregment
L _F i)

Some authors have assumed genotoxicity mechanism, associated with glutathione depletion
as glutathione S-transferase was used as the enzyme source, especially with bromohydrins such
as 1,3-dibromopropanol [4]. It is likely that the protection afforded by glutathione against the
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toxicity of this chemical is mediated through the activity of cytosolic glutathione S-transferase.
While 1,3-dichloro-2-propanol is relatively poor substrate for glutathione S-transferase, the
dibromo-analogue causes extensive glutathione depletion [4]. According to another study,
dichloropropanols such as 1,3-dichloropropan-2-ol, 2,3-dichloropropan-1-ol, 1,3-dibromopropan-
2-ol, 1,4-dibromopropan-2-ol, 1-bromopropan-2-ol, other haloalcohols and their metabolites such
as epichlorohydrin have been proved to deplete glutathione when incubated with liver fractions
obtained from rats. However, difluoropropanols did not deplete glutathione [5].

It is therefore expertly assumed that glutathione depletion would further give rise to
formation of ROS and DNA adducts:

X/(l:H_t:H—Jnt S S —CGH-CH__ > Guukalfione degietion —»
og X (enzymaic) OH SG
(X: labile halogen, eg. Br, pexhaps 1) (Glutathione: conugale)

(nchuding OH')

HEN w N

— Generdion of ROS ——— DNA adducts, e.g. Y | 3‘—(]1
HN N
o &

Such mechanistic scheme could also apply to haloalcohols of the type:

X—(CHy),— OH
XisQ.Br.n=3-10
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Mechanistic Domain: Sny2
Mechanistic Alert: Alkylation, direct acting epoxides and related

Structural alert: Epoxides and Aziridines

Principal structural fragments:

v

O N

Mono-substituted epoxides have two elecrophilic carbon atoms (a- and B-carbons). The
site of nucleophilic attack on alkyl epoxides under physiological conditions occurs principally at
the less substituted, sterically more accessible B-carbon atom. However, epoxides with vicinal
aromatic or vinyl group such as styrene epoxide and butadiene monoepoxide can react through
both C-atoms, due to substituent effects leading to increase of positive charge on the o-
carbon. Under physiological conditions, the main alkylation sites for simple alkyl epoxides
are N7 guanine, N1-and N3-adenine, and N3-cytosine, since these heterocyclic ring nitrogens are
the most nucleophilic sites for attack. Therefore, for the epoxide structural fragments, direct
alkylation mechanisms have been proposed. Epoxides such as ethylene oxide, propylene oxide
and glycydol are known carcinogens that are widely used in industrial chemistry. Mutagenic and
carcinogenic epoxides can also be formed metabolically from alkenes such as ethylene,
butadiene, propylene and styrene and from vinyl monomers like acrylonitrile and acrylamide.
Simple epoxides react with nucleic acid bases to form 2-hydroxy-2-alkyl adducts. These are
fairly unstable, due to the presence of a charged quaternary nitrogen at the site of alkylation and
frequently undergo “depurination” to remove the charge. This leads to the formation of highly
mutagenic sites. The final form of adduct is uncharged and stable. It is mutagenic and contributes
to the toxicological hazards of exposure to simple epoxides [1]:

H;N H:N
= N N N
\|/ \‘:\ +‘\ﬁ+ YO Y | ‘} (epurimalion) Y | ‘}\
C C HN N+ / / — HN N/
| "C—C—0H "C—C—0H
0 | 0 | ]

(DNA fragment)
(dR - deaxymibose phosphair: fragment)

Epoxides such as styrene oxide and butadiene monoepoxide can also modify exocyclic
groups as shown below [1]:
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CH (4R - deoxyribose phosphate fragment)

However, epichlorohydrin, unlike many other epoxides, acts as bifunctional alkylating
agent. For alkylation of adenine, for example, the epoxide undergoes first ring opening; then
cyclization and loss of HCI via the attack on N6, and the carbon, carrying chlorine contributes to
the formation of 1,N6-2-hydroxypropanoadenine adduct [2]:

NI, HO l NE, HO ﬁj{\\]{
HC HzC
N# N NF N
Cl—CH—CH | — R
Y 2 + I“\“N | 1*|I> [IM\“H | 1~|I>] . L‘“N | };)
dR di dR
1L N6 hrndxypoopannadenine

In substructures, about which more than ten test results have been reported, the epoxide
fragment is most highly correlated with mutagenicity, and the percentage of positive compounds
was found to be 65 — 70. Therefore, compounds that contain or are metabolically activated to
products with the highly-strained epoxide fragment in the structure can be considered as suspect
carcinogens [3]. For example, the well-known carcinogen (and bacterial mutagen) Aflatoxin Bl
1s metabolically activated to aflatoxin B1 exo0-8,9-epoxide by CYP 450 monooxygenase, which
then reacts with N7 of guanine to form the primary DNA adduct [4]:
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The mutagenicity of a series of 13 epoxide compounds has been studied. Mono-substituted
epoxides such as allyl glycidyl ether, n-butyl glycidyl ether, vinyl cyclohexene diepoxide,
glycidol, glycidaldehyde, diglycidyl ether, diepoxybutane and diglycidyl ether of substituted
glycerine were mutagenic in TA100 strain. The mutagenic compounds had linear structure,
without any groups causing steric hindrance. On the contrary, dieldrin was inactive, due to its
relatively high molecular weight, specific molecular structural envelope, and, possibly, large
number of chlorine atoms causing excessive hydrophobicity. Higher-molecular weight
derivatives of diglycidyl bisphenol-A were also negative in the Ames bacterial mutagenicity test,
due to the high molecular mass and branched structure [5]. Similar results, associated with the
molecular structure of epoxides were obtained, according to another publication, dealing with 45
epoxides of large structural diversity, of which mono-substituted epoxides such as
epichlorohydrin, epibromohydrin, 1,2-epoxibutane, propylene oxide, glycidol, glycidaldehyde,
1,2,3,4-diepoxybutane, styrene oxide, etc. produced positive Ames test results [6].

According to another publication, halogenated derivatives of simple monosubstituted
epoxides such as epichlorohydrin and epibromohydrin had much stronger DNA alkylating
capability and bacterial mutagenicity than propylene oxide, butylene oxide, etc. The electron-
withdrawing effects of the haloalkyl groups in the halogenated derivatives apparently contributes
to higher epoxide reactivity [7].

The in vitro genotoxicity of 51 epoxides has been studied by employing the Ames test with
Salmonella typhimurium strains TA98, TA100, TA1535, and TA1537. Approximately, 75 — 80 %
of all tested epoxides (mostly mono-substituted ones) were found to show positive bacterial
mutagenicity [8], and their principal sub-structures are given below:
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1,2-Disubstituted cycloaliphatic epoxides with one or two oxirane ring fragments such as
cyclopentane- and cyclohexane oxide, diepoxycyclooctane, vinylcyclohexane dioxide,
cyclopentene- and cyclohexene-3,4-epoxides, etc., were also found to show, at least, weak
bacterial mutagenicity effects in the base-pair indicator strains TA100 and TA1535 [9]. Some
1,1- and 1,2-disubstituted epoxides such as 2,3-epoxybutane and oxaspiro-epoxides have also
shown Ames mutagenicity, and the structural requirements associated with minimal steric
hindrance in the vicinity of epoxide group fully apply [10, 11].

According to another publication, none of the tested chemicals such as epoxysteroids, vitamin
K epoxides, pesticides (dieldrin, eldrin, heptachlor epoxides), and, also, some natural products,
metabolites and antibiotics such as oleandomycin, anticapsin and asperlin, carbamazepine-9,10-
oxide, diethylstilbestrol-a,B-oxide, scopolamine, etc. showed any mutagenic activity in the Ames
test. This indicates that epoxides with complex molecular structures and more than one
substituent at the epoxide moiety, which are relatively more inert and stable, and, especially,
more sterically hindered, are inactive in the Ames mutagenicity assay. In contrast, benzo[a]pyrene
4,5-oxide, benzo[e]pyrene 4,5-oxide and 7,12-dimethylbenz[a]-anthracene 5,6-oxide, derived
from polycyclic aromatic hydrocarbons (PAH) are potent mutagens [12].

Halogenated epoxides as metabolites of some haloalkenes such as vinylidene chloride and
vinyl chloride, are also bacterial mutagens [13]. Non-allylic chloropropenes and their
homologues, being chloro-substituted in vinyl position are mutagenic in the presence of S9
metabolic activation system. This has been explaineded by the polarizing —I and M-effects of
halogen and the alkyl substituents bound to the C=C bond. The metabolic activation of such
chemicals was associated with the epoxide formation [14]. In these cases, the lack of significant
steric hindrance effects is essential for the mutagenic activity.
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According to another publication, 2,3-epoxyaldehydes are also genotoxic chemicals. These
compounds may exist as parents but, more probably, can be formed as metabolites of alpha-beta-
unsaturated aldehydes. The structure of their adducts with guanosine can be outlined as follows
[15]:

Aziridine (ethyleneimine) reacts with DNA in vitro mainly at the N7 position of guanine
and N3 of adenine; then imidazole ring opening of the modified guanine fragment results in the
formation of formamidopyrimidine adducts [16]. Possible scheme for the formation of such
adducts [17] is outlined below:

. o QH{ J:/é—h{
o

xﬁ“ :*LLJI“—:LJ\I

Gaa
(dR - deaxyribose phosphate fragment) G“""mmg““l’“‘“‘m
formamidogryrimidine

Arene imines, also containing aziridine structural fragment were shown to be very strong
mutagens in bacterial and mammalian cells [18].

Conclusions:
[.  Structurally generalized active alerting groups for epoxides:

o Monosubstituted epoxides:

CHy—CH—

N/
o

o Simple cycloaliphatic epoxides:
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CH—CH
(CHp{scyta
n=2-8)

o 1.1-Disubstituted epoxides and spiro-epoxides:

m=1-F;n=1-3) XisQorBs

(If (CHp) is acydhic, the
terminal group is CH3z)

o 1.,2-Disubstitured epoxides (including cycloaliphatic epoxides):

Y;—CH—CH—Y>

Y1 and Y7 can be the following shradhoral
moehies:

@ (CHp H(n=1-2)

(b) CHy{scy} and -CH{scy}=CH {scy}-

(c) CH{sp3}{scy} and O{scy} or -NH{scy}

(d) Y is A or B Yqis C

o Other terminal polarized epoxides:

o cH-v
TN/

O
(Y can be C1. Bror -CHOY

o Polycvyelic Aromatic Hydrocarbons (PAH)-derived epoxides:

(im € or’H orbotl)
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II.

Structurally-generalized active alerting groups for aziridines:

A

N
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F. Profiler: In vivo mutagenicity (Micronucleus) alerts by ISS

Aliphatic halogens

F:

[Br.cl

H
R = any atom/group

Numerous haloalkanes have been tested for carcinogenic and mutagenic activities. In general,
the genotoxic potential is dependent on the nature, number, and position of halogen(s) and the
molecular size of the compound (Woo et al. 2002). Although some aliphatic halogens have
been shown to directly alkylate macromolecules (Bolt and Gansewendt 1993),
biotransformation may also play an important role in their toxicity. Cytochrome P450
oxidation may produce gem-halohydrins that spontaneously dehydrohalogenate to reactive
carbonyl compounds (Guengerich 1991), (see reaction 1). Alternatively, glutathione (GSH)
conjugation via GSH transferases, has been proposed as an activation mechanism for several
halogenated alkanes (Guengerich 2003b); (Guengerich 2003a) (as an example for
dihaloethanes see Reaction 2).
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Fully halogenated haloalkanes tend to act by free radical or nongenotoxic mechanisms (Woo
et al. 2002). In the case of CCl4 (see reaction 3.), P450 reduces CCl4 to the trichloromethyl
radical which can bind to cellular molecules (nucleic acid, protein, lipid), impairing crucial
cellular processes.

F-430
CCly ——= CCIE- o CC'SOE- —_— - CIEC=D

phosgene

Adduct formation between CCI3* and DNA is thought to function as initiator in the case of
hepatic cancer. This radical can also react with oxygen to form highly reactive species, the
trichloromethylperoxy radical CCI300%*, that may initiate the chain reaction of lipid
peroxidation, and ultimately generate phosgene (Guengerich 1991).
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Epoxides and Aziridines
i
0

VANEVAN

R = any atom/group

Due to the large ring strain associated with the three-membered ring, epoxides are highly
reactive molecules. They may react with nucleophilic centers of DNA molecules, giving rise
to alkylated products.

(0 OH
A — Nu/\\/
G,

u

Because of their reactivity they are important intermediates in chemical industry, especially in
polymer production. Furthermore, epoxides may be produced endogenously by the enzymatic
oxidation of other chemicals, many of which are common environmental pollutants (such as
PAH, alkenes). Consequently considerable human exposure arises. The most likely route of
exposure to these agents is by inhalation, although the possibility of dermal and oral
absorption should also be considered. The site of alkylation of the DNA constituents is mainly
determined by the ionic character of the epoxide (Koskinen and PIna 2000); (Barlow and
Dipple 1998) Reactions at the ring nitrogen positions follow a bimolecular displacement
mechanism whereas modification of the exocyclic groups requires some degree of substrate
ionization for reaction to occur (Barlow and Dipple 1998). Simple alkyl epoxides, that are not
able to stabilize an ionic charge to any great extent, react predominantly at endocyclic base
nitrogens, giving rise, preferentially, to --hydroxyethyl derivatives of cytosine-N3, adenine-
N1 and N3, and guanine-N7. Molecules that are more efficient in stabilizing an ionic charge,
may modify also exocyclic groups (i.e., styrene oxide, butadiene monoepoxide, PAH
(Koskinen and Plna 2000); (Barlow and Dipple 1998). Aziridines are extremely reactive
alkylating agents that may react by ring-opening reactions similar to those of epoxides.

There are several classes of aziridine-containing natural products that exhibit potent biological
activity. Among them, the mitomycins, that exhibit both anti-tumour and antibiotic activity
(Sweeney 2002). Another class of naturally-occurring aziridine derivatives possessing potent
cytotoxic and antitumor activities, is the Azinomycin family. The activity of these compounds
lies in their ability to act as DNA cross-linking agents, via nucleophilic ring-opening of the
aziridine and epoxide moieties by N-7 positions of purines (Zang and Gates 2000). It is not
clear at present which ring opening reaction takes precedence in the cross-linking event.

The PBI (pyrrolo[1,2-a]benzimidazole) class of natural products, represents another type of
DNA-alkylating species containing an aziridine moiety. In these compounds, the aziridine
undergoes ring-opening by nucleophilic attack of the DNA phosphate backbone, resulting in
formation of a hydrolytically labile phosphotriester (that may eventually cause DNA
cleavage) (Schultz ef al. 1995).
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Hacceptor-path3-Hacceptor

/A\A/

A= Any atom, except Hydrogen
H-bond-Acc= Any atom that is a potential Hydrogen bond acceptor

H-bond-Acc
H-bond-Acc

This alert explores the possibility that a chemical interacts with DNA and/or proteins via non-
covalent binding, such as DNA intercalation or groove-binding (Snyder et al. 2006). Among
the descriptors potentially accounting for non-covalent interactions, the present molecular
framework representing two bonded atoms connecting two H bond acceptors (calculated with
software Leadscope Enteprise 2.4.15-6) resulted in an increased sensitivity/specificity for
what concerns the Micronucleus training set.
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Simple Aldehydes

ﬂ
W R
R= aliphatic or aromatic carbon
alpha, beta-unsaturated aldehydes are excluded

All compounds carrying an aldehydic group can potentially undergo Schiff base formation
with a primary amine. They are to be considered potentially genotoxic, as demonstrated in
vivo ability to react with nucleobases, without metabolic activation, forming adducts,
interbase cross-links (both intra and inter-strand), and DNA-protein crosslinks The length of
carbon chain for aliphatic aldehydes, and in general molecular size, can strongly modulate the
formation of every type of cross-link and even the accessibility of the DNA nucleobases
(Romano Zito, personal communication). DNA-protein crosslinks have been reported as the
primary DNA damage induced by formaldehyde (Speit ef al. 2007). The initial step of the
reaction probably involves formation of an unstable Schiff base with the exocyclic amino
group of deoxyguanosine dG (1a). In the case of acetaldehyde, this intermediate (1b) could be
stabilized by reduction, producing N2-ethyl-dG (2), or alternatively may react with a second
molecule of acetaldehyde forming a new aldehyde adduct (3) that ultimately cyclize in an 8-
hydroxypropano adduct (4). The latter exists in equilibrium with its ring-opened aldehyde
form, and may undergo condensation with another guanine to form imine-linked bis-
nucleoside (5) which in turn cyclizes to pyrimidopurinone (6) (Wang et al. 2000).
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Some aldehydes may also induce hydroxyalkyl adducts in DNA, but the relevance of these
DNA modifications for mutagenicity is unclear (Speit ef al. 2007).
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G. Profiler: Oncologic Primary Classification

Category: Aldehyde Type Compounds
Component: Aldehyde

O

R; c {H}

R;: aliphatic (alkyl chain);
alicyclic (cycloaliphatic);
aromatic (aromatic ring system 1-2 rings);
other types (H, benzyl, phenylethyl, COOH, COO-, C(O)Cn, etc.).

Substituents: The following substituents may be placed on R1 groups: hydroxyl (OH),
carboxylic acid (COOH), sulfonic acid (SO3H), halogens (Cl, Br, I, F), Other, and,
additionally, alkyl (Cn) groups on aromatic rings.

Exceptions: Heteroatoms can not replace carbon atoms in the alkyl chain nor can oxo groups
be added. The degradation products of these compounds should be considered separately. If
the R group contains heteroatoms and degradation products are not known, replace the
heteroatoms with carbon atoms.
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Category: Alpha. beta-Haloether Reactive Functional Groups

Component: : alpha-beta-Haloether (direct-acting alkylating agent)

FH @] i 4
H 2

R4 ) C C ¥
H 2 H 3

R;: aliphatic (alkyl chain);

alicyclic (cycloaliphatic);
aromatic (aromatic ring system 1-4 rings);
other types (H, benzyl, phenylethyl)

Xi: F,ClL Br, I

Substituents: The following substituents may be placed on alkyl R groups : hydroxyl (OH),
carboxylic acid (COOH), sulfonic acid (SO3H), halogens (Cl, Br, I, F), and Other. In
addition to these, aryl R group my have vinyl and allyl groups as well as alkyl (Cn) on
aromatic rings. The methylene/ethylene moiety (C-X/C-C-X) may be substituted with the
following: OH, COOH, SO3H, CI, Br, I, F, Cn.

Exceptions: Additional substituents, may not be added to alkyl chains of the
methylene/ethylene moiety. Heteroatoms can not be replace the carbon atoms in the R1 alkyl
chain nor can keto groups be added
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Category: Reactive Ketone Reactive Functional Groups

Component: Reactive Ketones (direct-acting alkylating agent)

Rl—(|3| —ﬁ —CH,

E1

D——
T
[

R;: aliphatic (alkyl chain)
alicyclic (cycloaliphatic)
aromatic (aromatic ring system 1-4 rings)
other types (benzyl, phenylethyl)

X : Must be replaced with a halogen

Substituents: The following substituents may be placed on alkyl R groups: hydroxyl (OH),
carboxylic acid (COOH), sulfonic acid (SO3H), halogens (Cl, Br, I, F), and Other. In
addition to these, aryl R group my have vinyl and allyl groups as well as alkyl (Cn) on
aromatic rings. The methylene/ethylene moiety (C-X/C=C) may be substituted with the
following: OH, COOH, SO3H, Cl, Br, L, F, Cn, and Other.

Exceptions: Unsaturated alkyl chains, other than vinyl and allyl, are treated as saturated alkyl
groups. Additional substituents, may not be added to alkyl chains of the methylene/ethylene
moiety. Heteroatoms can not be replace the carbon atoms in the R1 alkyl chain nor can keto
groups be added.
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Category: Epoxide Reactive Functional Groups

Component: Epoxides (direct-acting alkylating agent)

Aryl (CH2n
= C—0C—F; HC ——CH HC/—\CH

\% VoW

Ry/R;: aliphatic (alkyl chain);
alicyclic (cycloaliphatic);
aromatic (aromatic ring system 1-4 rings);
other types (H, benzyl, phenylethyl)

Substituents: The following substituents may be placed on alkyl R groups : hydroxyl (OH),
carboxylic acid (COOH), sulfonic acid (SO3H), halogens (Cl, Br, I, F), and Other. In addition
to these, aryl R group may have vinyl and allyl groups as well as alkyl (Cn) on aromatic rings.
The epoxide carbons may be substituted with the following: OH, COOH, SO3H, CI, Br, I, F,

alkyl (Cn), alkoxy (OCn) and acyloxy (O(O)Cn).
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H. Profiler: Carcinogenicity (genotox and nongenotox) alerts by ISS

(Poly) Halogenated Cycloalkanes (nongenotoxic)

Any cycloalkane skeleton with three or more halogens directly bound to the same ring

The mechanisms of carcinogenic action of this class of compouds is unclear. Several possible
epigenetic mechanisms have been proposed which include (i) inhibition of intercellular
communication, (ii) degranulation of the rough endoplasmic reticulum, and (iii) hormonal
imbalance (Woo and Lai 2005);(Woo et al. 1995).

Production of reactive oxygen species by organochlorine pesticides has been also implicated in
the toxicity and carcinogenicity of these compounds; however, the mechanism by which these
agents stimulate the production of oxygen radicals is unknown (Tithof ef al. 2000). Among
them, Dieldrin, an organochlorine insecticide, has also been demonstrated to be genotoxic and
evidences of relationships between genotoxicity and oxidative stress have been reported
(Cicchetti and Argentin 2003).

References Cited

Cicchetti, R. and Argentin, G. (2003). The role of oxidative stress in the in vitro induction of micronuclei by
pesticides in mouse lung fibroblasts. Mutagenesis 18, 127-132.

Tithof, P. K., Olivero, J., Ruehle, K., and Ganey, P. E. (2000). Activation of Neutrophil Calcium-Dependent and -
Independent Phospholipases A2 by Organochlorine Compounds. Toxicol.Sci. 53, 40-47.

Woo, Y. T. and Lai, D. Y. (2005). Oncologic: a mechanism based expert system for predicting the carcinogenic
potential of chemicals. In 'Predictive toxicology.' (Ed C. Helma.) pp. 385-413. (Taylor and Francis: Boca Raton.)

Woo, Y. T., Lai, D. Y., Argus, M. F., and Arcos, J. C. (1995). Development of structure-activity relationship rules
for predicting carcinogenic potential of chemicals. Toxicol.Lett. 79, 219-228.

Aliphatic halogens (genotoxic)

R

[Br.cl

H
R = any atom/group

Numerous haloalkanes have been tested for carcinogenic and mutagenic activities. In general,
the genotoxic potential is dependent on the nature, number, and position of halogen(s) and the
molecular size of the compound (Woo et al. 2002). Although some aliphatic halogens have
been shown to directly alkylate macromolecules (Bolt and Gansewendt 1993),
biotransformation may also play an important role in their toxicity. Cytochrome P450
oxidation may produce gem-halohydrins that spontaneously dehydrohalogenate to reactive
carbonyl compounds (Guengerich 1991), (see reaction 1). Alternatively, glutathione (GSH)
conjugation via GSH transferases, has been proposed as an activation mechanism for several
halogenated alkanes (Guengerich 2003b); (Guengerich 2003a) (as an example for
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dihaloethanes see Reaction 2).
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Fully halogenated haloalkanes tend to act by free radical or nongenotoxic mechanisms (Woo
et al. 2002). In the case of CCl4 (see reaction 3.), P450 reduces CCl4 to the trichloromethyl
radical which can bind to cellular molecules (nucleic acid, protein, lipid), impairing crucial
cellular processes.

P-450

CCly ——= CCIE- — CC'EDE' —_— CIEC=D

phosgene
Adduct formation between CCI3* and DNA is thought to function as initiator in the case of
hepatic cancer. This radical can also react with oxygen to form highly reactive species, the
trichloromethylperoxy radical CC1300%*, that may initiate the chain reaction of lipid
peroxidation, and ultimately generate phosgene (Guengerich 1991).
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Epoxides and Aziridines (genotoxic)
i
0

VANEVAN

R = any atom/group

Due to the large ring strain associated with the three-membered ring, epoxides are highly
reactive molecules. They may react with nucleophilic centers of DNA molecules, giving rise
to alkylated products.

(0 OH
A — Nu/\\/
G,

u

Because of their reactivity they are important intermediates in chemical industry, especially in
polymer production. Furthermore, epoxides may be produced endogenously by the enzymatic
oxidation of other chemicals, many of which are common environmental pollutants (such as
PAH, alkenes). Consequently considerable human exposure arises. The most likely route of
exposure to these agents is by inhalation, although the possibility of dermal and oral
absorption should also be considered. The site of alkylation of the DNA constituents is mainly
determined by the ionic character of the epoxide (Koskinen and PIna 2000); (Barlow and
Dipple 1998) Reactions at the ring nitrogen positions follow a bimolecular displacement
mechanism whereas modification of the exocyclic groups requires some degree of substrate
ionization for reaction to occur (Barlow and Dipple 1998). Simple alkyl epoxides, that are not
able to stabilize an ionic charge to any great extent, react predominantly at endocyclic base
nitrogens, giving rise, preferentially, to --hydroxyethyl derivatives of cytosine-N3, adenine-
N1 and N3, and guanine-N7. Molecules that are more efficient in stabilizing an ionic charge,
may modify also exocyclic groups (i.e., styrene oxide, butadiene monoepoxide, PAH
(Koskinen and Plna 2000); (Barlow and Dipple 1998). Aziridines are extremely reactive
alkylating agents that may react by ring-opening reactions similar to those of epoxides.

There are several classes of aziridine-containing natural products that exhibit potent biological
activity. Among them, the mitomycins, that exhibit both anti-tumour and antibiotic activity
(Sweeney 2002). Another class of naturally-occurring aziridine derivatives possessing potent
cytotoxic and antitumor activities, is the Azinomycin family. The activity of these compounds
lies in their ability to act as DNA cross-linking agents, via nucleophilic ring-opening of the
aziridine and epoxide moieties by N-7 positions of purines (Zang and Gates 2000). It is not
clear at present which ring opening reaction takes precedence in the cross-linking event.

The PBI (pyrrolo[1,2-a]benzimidazole) class of natural products, represents another type of
DNA-alkylating species containing an aziridine moiety. In these compounds, the aziridine
undergoes ring-opening by nucleophilic attack of the DNA phosphate backbone, resulting in
formation of a hydrolytically labile phosphotriester (that may eventually cause DNA
cleavage) (Schultz ef al. 1995).
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Simple Aldehydes (genotoxic)

Ti
n g
R= aliphatic or aromatic carbon
alpha, beta-unsaturated aldehydes are excluded

All compounds carrying an aldehydic group can potentially undergo Schiff base formation
with a primary amine. They are to be considered potentially genotoxic, as demonstrated in
vivo ability to react with nucleobases, without metabolic activation, forming adducts,
interbase cross-links (both intra and inter-strand), and DNA-protein crosslinks The length of
carbon chain for aliphatic aldehydes, and in general molecular size, can strongly modulate the
formation of every type of cross-link and even the accessibility of the DNA nucleobases
(Romano Zito, personal communication). DNA-protein crosslinks have been reported as the
primary DNA damage induced by formaldehyde (Speit ef al. 2007). The initial step of the
reaction probably involves formation of an unstable Schiff base with the exocyclic amino
group of deoxyguanosine dG (1a). In the case of acetaldehyde, this intermediate (1b) could be
stabilized by reduction, producing N2-ethyl-dG (2), or alternatively may react with a second
molecule of acetaldehyde forming a new aldehyde adduct (3) that ultimately cyclize in an 8-
hydroxypropano adduct (4). The latter exists in equilibrium with its ring-opened aldehyde
form, and may undergo condensation with another guanine to form imine-linked bis-
nucleoside (5) which in turn cyclizes to pyrimidopurinone (6) (Wang et al. 2000).
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Some aldehydes may also induce hydroxyalkyl adducts in DNA, but the relevance of these
DNA modifications for mutagenicity is unclear (Speit et al. 2007).
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Substituted n-Alkylcarboxylic Acids (nongenotoxic)

O—FR,; — R,

Ry Fa

or

R1 — at least one aliphatic carbon, which is not in ring, not bonded to any O and except alkyl
chains with C>8

R2 = Any atom/group

All carbons or oxygen between R1 and R2 are not in ring

Substances belonging to this chemical class are potentially reactive as peroxisome proliferators
(PPs). PPs are a diverse group of chemicals, including hypolipidemic drugs, plasticizers and
herbicides, that were found to cause liver cancer when chronically administered to rats and mice
(Reddy et al., 1979). These chemicals are considered nongenotoxic agents, given generally
negative results in genotoxicity assays. Even if the mechanism by which these chemicals cause
tumors is not fully understood, peroxisome proliferator-activated receptor alpha (PPAR a) is
thought to mediate most of the PP effects in the rodent liver (Gonzalez et al., 1998). Two
hypotheses have been proposed to account for PP induced hepatocarcinogenesis in rodents: (i)
increase in DNA damage through induction of oxidative stress (Reddy and Rao, 1989) and (ii)
alteration of hepatocyte growth control by enhanced cell proliferation or decreased apoptosis
(Corton et al., 2000).

Among alkylcarboxilic acids, 2-ethylhexanoic acid have shown to be an active PP. 2-
ethylhexanoic acid was also identified as the proximate PP of several 2-ethylhexyl-containing
compounds, such as di-(2-ethylhexyl)adipate (DEHA, see figure) (Cornu et al., 1992).
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Appendix 8: Literature
search document

96 Category approach for selected brominated flame retardants



Literature search template

Literature search

Literature search for toxicological relevant data on theoretical bromated flame retardants in the databases: SciFinder, PubMed and Scopus

Date

Substance name and common
synonyms

Database
s &
Search
Engines

Search terms
(e.g. substance
name, CAS No
and
combinations.etc)

Limitations
applied to
search

No.
of
‘hits'

No. of
(potentially)
relevant
hits

Structure

Comments & follow-up
actions

21
July
2015

2-Propanol, 1,3-dibromo-
1,3-Dibromo-2-
hydroxypropane;
1,3-Dibromo-2-propanol;
1,3-Dibromohydrin;
1,3-Dibromopropanol;
2-Hydroxy-1,3-
dibromopropane;

Glycerol 1,3-dibromohydrin;
Glycerol a,y-dibromohydrin;
a,y-Dibromohydrin;
a-Dibromohydrin

SciFinder

96-21-9

385

See below

Br/\[/\Br

OH

21
July
2015

2-Propanol, 1,3-dibromo-
1,3-Dibromo-2-
hydroxypropane;
1,3-Dibromo-2-propanol;
1,3-Dibromohydrin;
1,3-Dibromopropanol;
2-Hydroxy-1,3-
dibromopropane;

Glycerol 1,3-dibromohydrin;
Glycerol a,y-dibromohydrin;
a,y-Dibromohydrin;
a-Dibromohydrin

SciFinder

96-21-9

Exclude
Patents

221

15
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21
July
2015

2-Propanol, 1,3-dibromo-
1,3-Dibromo-2-
hydroxypropane;
1,3-Dibromo-2-propanol;
1,3-Dibromohydrin;
1,3-Dibromopropanol;
2-Hydroxy-1,3-
dibromopropane;

Glycerol 1,3-dibromohydrin;
Glycerol a,y-dibromohydrin;
a,y-Dibromohydrin;
a-Dibromohydrin

PubMed

96-21-9

21
July
2015

2-Propanol, 1,3-dibromo-
1,3-Dibromo-2-
hydroxypropane;
1,3-Dibromo-2-propanol;
1,3-Dibromohydrin;
1,3-Dibromopropanol;
2-Hydroxy-1,3-
dibromopropane;

Glycerol 1,3-dibromohydrin;
Glycerol a,y-dibromohydrin;
a,y-Dibromohydrin;
a-Dibromohydrin

PubMed

Propanol AND
dibromo

32

14

28
July
2015

2-Propanol, 1,3-dibromo-
1,3-Dibromo-2-
hydroxypropane;
1,3-Dibromo-2-propanol;
1,3-Dibromohydrin;
1,3-Dibromopropanol;
2-Hydroxy-1,3-
dibromopropane;

Glycerol 1,3-dibromohydrin;
Glycerol a,y-dibromohydrin;
a,y-Dibromohydrin;
a-Dibromohydrin

Scopus

Propanol AND
dibromo

91




21
July
2015

2-Propanol, 1,3-dibromo-
1,3-Dibromo-2-
hydroxypropane;
1,3-Dibromo-2-propanol;
1,3-Dibromohydrin;
1,3-Dibromopropanol;
2-Hydroxy-1,3-
dibromopropane;

Glycerol 1,3-dibromohydrin;
Glycerol a,y-dibromohydrin;
a,y-Dibromohydrin;
a-Dibromohydrin

PubMed

hydroxypropane

AND dibromo OR
dibromohydrin OR
dibromopropanol

OR hydroxy AND
dibromopropane
OR dibromohydrin

28
July
2015

2-Propanol, 1,3-dibromo-
1,3-Dibromo-2-
hydroxypropane;
1,3-Dibromo-2-propanol;
1,3-Dibromohydrin;
1,3-Dibromopropanol;
2-Hydroxy-1,3-
dibromopropane;

Glycerol 1,3-dibromohydrin;
Glycerol a,y-dibromohydrin;
a,y-Dibromohydrin;
a-Dibromohydrin

Scopus

hydroxypropane
AND dibromo

28
July
2015

2-Propanol, 1,3-dibromo-
1,3-Dibromo-2-
hydroxypropane;
1,3-Dibromo-2-propanol;
1,3-Dibromohydrin;
1,3-Dibromopropanol;
2-Hydroxy-1,3-
dibromopropane;

Glycerol 1,3-dibromohydrin;
Glycerol a,y-dibromohydrin;
a,y-Dibromohydrin;
a-Dibromohydrin

Scopus

dibromohydrin OR
dibromopropanol

72

11




28 2-Propanol, 1,3-dibromo- Scopus | hydroxy AND 8
July 1,3-Dibromo-2- dibromopropane
2015 hydroxypropane;

1,3-Dibromo-2-propanol;

1,3-Dibromohydrin;

1,3-Dibromopropanol;

2-Hydroxy-1,3-

dibromopropane;

Glycerol 1,3-dibromohydrin;

Glycerol a,y-dibromohydrin;

a,y-Dibromohydrin;

a-Dibromohydrin
28 2-Propanol, 1,3-dibromo- Scopus | dibromohydrin 17
July 1,3-Dibromo-2-
2015 hydroxypropane;

1,3-Dibromo-2-propanol;

1,3-Dibromohydrin;

1,3-Dibromopropanol;

2-Hydroxy-1,3-

dibromopropane;

Glycerol 1,3-dibromohydrin;

Glycerol a,y-dibromohydrin;

a,y-Dibromohydrin;

a-Dibromohydrin
21 1-Butanol, 2,3,4-tribromo- SciFinder 855236-37-2 1
July Br
2015

Br
Br

23 1-Butanol, 2,3,4-tribromo- PubMed 855236-37-2 0
July
2015
23 1-Butanol, 2,3,4-tribromo- PubMed 1-butanol, 2,3,4- 0




July tribromo- OR
2015 2,3,4-tribromo t-
butanol
23 1-Butanol, 2,3,4-tribromo- PubMed Butanol tribromo 0 0
July
2015
28 1-Butanol, 2,3,4-tribromo- Scopus Butanol AND 1 0
July tribromo
2015
21 2-Butanol, 1,3,4-tribromo-; SciFinder 87018-38-0 3 0 Br
July 1,2,4-Tribromo-3-butanol Br
2015 Br
OH
21 1,2-Butanediol, 3,4-dibromo-; SciFinder 35330-59-7 4 0 Br
July 3,4-Dibromo-1,2-butanediol Br
2015 ”OA\)V
OH
27 1,2-Butanediol, 3,4-dibromo-; PubMed Butanediol AND 7 0
July 3,4-Dibromo-1,2-butanediol dibromo
2015
28 1,2-Butanediol, 3,4-dibromo-; Scopus Butanediol AND 7 0
July 3,4-Dibromo-1,2-butanediol dibromo
2015
22 2,3-Butanediol, 1,4-dibromo-; SciFinder 14396-65-7 60 See below oH
July 1,4-Dibromo-2,3-butanediol Br
2015 Br
OH
22 2,3-Butanediol, 1,4-dibromo-; SciFinder 14396-65-7 Exclude 30 1 QH
July 1,4-Dibromo-2,3-butanediol patents Br
2015 Br
OH
22 2,3-Butanediol, 1,4-dibromo-; SciFinder 299-70-7 18 See below Alternate CAS RN to
July 1,4-Dibromo-2,3-butanediol 14396-65-7
2015
22 2,3-Butanediol, 1,4-dibromo-; SciFinder 299-70-7 NOT 11 2 Alternate CAS RN to
July 1,4-Dibromo-2,3-butanediol 14396-65-7 14396-65-7

5




2015 AND
Exclude
Patents
22 2,3-Butanediol, 1,4-dibromo-; SciFinder 1947-59-7 9 See below Alternate CAS RN to
July 1,4-Dibromo-2,3-butanediol 14396-65-7
2015
22 2,3-Butanediol, 1,4-dibromo-; SciFinder 1947-59-7 NOT 4 0 Alternate CAS RN to
July 1,4-Dibromo-2,3-butanediol 14396-65-7 14396-65-7
2015 NOT 299-
70-7 AND
Exclude
Patents
22 2,3-Butanediol, 1,4-dibromo-; SciFinder 15410-44-3 6 1 Alternate CAS RN to
July 1,4-Dibromo-2,3-butanediol 14396-65-7
2015
22 1-propanol, 3-bromo-2- | SciFinder 106023-63-6 16 See below Br /\E\ Br
July (bromomethyl)-;
2015 3-Bromo-2-(bromomethyl)-1-
propanol OH
22 1-propanol, 3-bromo-2- | SciFinder 106023-63-6 Exclude 11 0
July (bromomethyl)-; Patents
2015 3-Bromo-2-(bromomethyl)-1-
propanol
27 1-propanol, 3-bromo-2- | PubMed Propanol AND 184 3
July (bromomethyl)-; bromo
2015 3-Bromo-2-(bromomethyl)-1-
propanol
28 1-propanol, 3-bromo-2- | Scopus Propanol AND 246 8
July (bromomethyl)-; bromo
2015 3-Bromo-2-(bromomethyl)-1-
propanol
22 2-Butanol, 1,4-dibromo; SciFinder 19398-47-1 87 See below Br
July 1,4-Dibromo-2-butanol; Br/\/\/
2015 2-Hydroxy-1,4-dibromobutane Sy
22 2-Butanol, 1,4-dibromo; 1,4- | SciFinder 19398-47-1 Exclude 38 2




July Dibromo-2-butanol; 2- Patents
2015 Hydroxy-1,4-dibromobutane
22 2-Butanol, 1,4-dibromo; 1,4-| SciFinder 64028-90-6 9 See below Alternate CAS RN to
July Dibromo-2-butanol; 2- 19398-47-1
2015 Hydroxy-1,4-dibromobutane
22 2-Butanol, 1,4-dibromo; 1,4-| SciFinder 64028-90-6 Exclude 5 0 Alternate CAS RN to
July Dibromo-2-butanol; 2- Patents 19398-47-1
2015 Hydroxy-1,4-dibromobutane
22 2-Butanol, 1,4-dibromo; 1,4-| SciFinder 1360729-08-3 5 See below Alternate CAS RN to
July Dibromo-2-butanol; 2- 19398-47-1
2015 Hydroxy-1,4-dibromobutane
22 2-Butanol, 1,4-dibromo; 1,4-| SciFinder 1360729-08-3 Exclude 2 0 Alternate CAS RN to
July Dibromo-2-butanol; 2- Patents 19398-47-1
2015 Hydroxy-1,4-dibromobutane
27 2-Butanol, 1,4-dibromo; 1,4-| PubMed Butanol AND 5 1
July Dibromo-2-butanol; 2- dibromo
2015 Hydroxy-1,4-dibromobutane
28 2-Butanol, 1,4-dibromo; 1,4- | Scopus Butanol AND 23 0
July Dibromo-2-butanol; 2- dibromo
2015 Hydroxy-1,4-dibromobutane
28 2-Butanol, 1,4-dibromo; 1,4-| PubMed Hydroxy AND 2 0
July Dibromo-2-butanol; 2- dibromobutane
2015 Hydroxy-1,4-dibromobutane
28 2-Butanol, 1,4-dibromo; 1,4- | Scopus Hydroxy AND 10 0
July Dibromo-2-butanol; 2- dibromobutane
2015 Hydroxy-1,4-dibromobutane
22 2-Butanol, 3,4-dibromo; SciFinder 79033-40-2 7 See below OH
July 3,4-Dibromo-2-butanol
2015 Br
Br
22 2-Butanol, 3,4-dibromo; SciFinder 79033-40-2 Exclude 6 1
July 3,4-Dibromo-2-butanol Patents
2015




22 1-Butanol, 2,3-dibromo; SciFinder 4021-75-4 19 See below Br
July 2,3-Dibromo-1-butanol;
2015 | 2.3-Dibromobutanol /l\\/\o“
Br
22 1-Butanol, 2,3-dibromo; SciFinder 4021-75-4 Exclude 10 0
July 2,3-Dibromo-1-butanol; Patents
2015 2,3-Dibromobutanol
22 1-Butanol, 2,3-dibromo; SciFinder 54899-03-5 8 0 Alternate CAS RN to
July 2,3-Dibromo-1-butanol; 4021-75-4
2015 2,3-Dibromobutanol
22 1-Butanol, 2,3-dibromo; SciFinder 70528-70-0 3 0 Alternate CAS RN to
July 2,3-Dibromo-1-butanol; 4021-75-4
2015 2,3-Dibromobutanol
22 1-Butanol, 2,3-dibromo; SciFinder 70528-70-0 Exclude 1 0 Alternate CAS RN to
July 2,3-Dibromo-1-butanol; Patents 4021-75-4
2015 2,3-Dibromobutanol
22 1-Butanol, 3,4-dibromo-; SciFinder 87018-30-2 12 See below OH
July | 3,4- Dibromobutanol Br w
2015 Br
22 1-Butanol, 3,4-dibromo-; SciFinder 87018-30-2 Exclude 9 0
July 3,4- Dibromobutanol Patents
2015
22 1-Propanol, 3-bromo-2- | SciFinder 105100-80-9 Exclude 0 0 Br Br
July (bromomethyl-2-methyl-; Patents
2015 2,2-Bis(bromomethyl)propanol
OH
28 1-Propanol, 3-bromo-2- | PubMed Dibromobutanoyl 5 0
July (bromomethyl-2-methyl-; OR bis
2015 2,2-Bis(bromomethyl)propanol (bromomethyl)pro
panol
28 1-Propanol, 3-bromo-2- | Scopus Dibromobutanol 0 0
July (bromomethyl-2-methyl-; OR
2015 2,2-Bis(bromomethyl)propanol Bis(bromomethyl)
propanol




22 2-Pentanol, 4,5-dibromo- SciFinder 213821-22-8 Exclude
July Patents
2015
27 2-Pentanol, 4,5-dibromo- PubMed Pentanol AND
July dibromo
2015
28 2-Pentanol, 4,5-dibromo- Scopus Pentanol AND
July dibromo
2015
22 3-Pentanol, 1,2-dibromo- SciFinder 408319-76-6 Exclude
July Patents Br
2015 /ﬁ/l\/ Br
OH
22 3-Pentanol, 1,4-dibromo-, | SciFinder 159475-15-7 Exclude
July (R*,R*)-(9Cl) Patents OH
2015 W
Br 7
Br
22 3-Pentanol, 1,4-dibromo-, | SciFinder 159475-16-8 Exclude Alternate CAS RN to
July (R*,R*)-(9Cl) Patents 159475-15-7
2015
22 3-Pentanol, 2,4-dibromo-; SciFinder 343268-04-2 Exclude
July 2,4-Dibromo-3-pentanol Patents Br Br
2015 /I\‘/\\
OH
22 3-Pentanol, 2,4-dibromo-; SciFinder 72770-99-1 Exclude Alternate CAS RN to
July 2,4-Dibromo-3-pentanol Patents 343268-04-2
2015
23 2-Pentanol, 3,4-dibromo-, (2R, | SciFinder 76377-07-6 Exclude
July 3S,4S)-rel-; Patents
2015 2-Pentanol, 3,4-dibromo-,




10

(2R*,3S*,4S%)- (9Cl);
2-Pentanol, 3,4-dibromo-,
(2R*,3S*,4S*)-(¥)-

23 2-Pentanol, 3,4-dibromo-, (2R, | SciFinder 76420-11-6 Exclude Alternate CAS RN to
July 3S,4S)-rel-; Patents 76377-07-6
2015 2-Pentanol, 3,4-dibromo-,
(2R*,3S*,4S%)- (9Cl);
2-Pentanol, 3,4-dibromo-,
(2R*,3S*,4S*)-(*)-
23 1-Pentanol, 4,5-dibromo-; SciFinder 59287-66-0 Exclude
July 1,2-Dibromo-5-pentanol; Patents /Y\/\
2015 4,5-Dibromo-1-pentanol Br
23 1-Pentanol, 2,5-dibromo- SciFinder 856991-78-1 Exclude W
July Patents
2015
23 2-Pentanol, 1,5-dibromo-; SciFinder 100606-66-4 Exclude
July 1,5-Dibromo-2-pentanol Patents /\[/\/\
2015
23 2-Pentanol, 1,5-dibromo-; SciFinder 1092554-97-6 Exclude Alternate CAS RN to
July 1,5-Dibromo-2-pentanol Patents 100606-66-4
2015
23 2-Pentanol, 2,5-dibromo- SciFinder 213821-20-6 Exclude
July Patents
2015

10




11

23 2-Pentanol, 2,5-dibromo- SciFinder 159475-17-9 Exclude 1 Alternate CAS RN to
July Patents 213821-20-6
2015
23 2-Pentanol, 2,5-dibromo- SciFinder 159475-18-0 Exclude 1 Alternate CAS RN to
July Patents 213821-20-6
2015
23 1-Butanol, 4-bromo-2- | SciFinder 98069-26-2 Exclude 1
July (bromomethyl)- Patents Br
2015 Br

OH
27 1-Butanol, 4-bromo-2- | PubMed Butanol AND 0
July (bromomethyl)- bromo AND
2015 bromomethyl
28 1-Butanol, 4-bromo-2- | Scopus Butanol AND 3
July (bromomethyl)- bromo AND
2015 bromomethyl
23 1-Propanol, 3-bromo-2- | SciFinder 105100-80-9 Exclude 0
July (bromomethyl)-2-methyl-; Patents Br Br
2015 2,2-Bis(bromomethyl)propanol

OH

27 1-Propanol, 3-bromo-2- | PubMed Propanol AND 4
July (bromomethyl)-2-methyl-; bromo AND
2015 2,2-Bis(bromomethyl)propanol bromomethyl
28 1-Propanol, 3-bromo-2- | Scopus Propanol AND 15
July (bromomethyl)-2-methyl-; bromo AND
2015 2,2-Bis(bromomethyl)propanol bromomethyl
23 1,3-Butanediol, 4-bromo-2- | SciFinder 44804-46-8 Exclude 0
July (bromomethyl)- Patents
2015

11




12

OH
Br
Br
OH

27 1,3-Butanediol, 4-bromo-2- | PubMed Butanediol AND 6
July (bromomethyl)- bromo
2015
28 1,3-Butanediol, 4-bromo-2- | Scopus Butanediol AND 29
July (bromomethyl)- bromo
2015
23 1-Propanol, 3-bromo-2,2- | SciFinder 1522-92-5 Exclude 109
July bis(bromomethyl)-; Patents Br Br
2015 2,22-

Tris(bromomethyl)ethanol;

2,2-Bis(bromomethyl)-3- OH Br

bromo-1-propanol;

3-Bromo-2,2-

bis(bromomethyl)-1-propanol;

3-Bromo-2,2-

bis(bromomethyl)propanol;

3-Bromo-2,2-

bis(bromomethyl)propyl

alcohol;

Pentaerythritol tribromide;

Pentaerythritol

tribromohydrin;

Tribromoneopentanol;

Tribromoneopentyl alcohol
23 1-Propanol, 3-bromo-2,2- | SciFinder 36483-57-5 Exclude 0 Alternate CAS RN to
July bis(bromomethyl)-; Patents 1522-92-5
2015 2,2,2- NOT 1522-

Tris(bromomethyl)ethanol; 92-5

2,2-Bis(bromomethyl)-3-
bromo-1-propanol;

12




13

3-Bromo-2,2-
bis(bromomethyl)-1-propanol;
3-Bromo-2,2-
bis(bromomethyl)propanol;
3-Bromo-2,2-
bis(bromomethyl)propyl
alcohol;

Pentaerythritol tribromide;
Pentaerythritol
tribromohydrin;
Tribromoneopentanol;
Tribromoneopentyl alcohol

28 1-Propanol, 3-bromo-2,2- | PubMed | Tris(bromomethyl) 983 See below Tribromopentanol not
July bis(bromomethyl)-; ethanol OR found in PubMed
2015 2,2,2- bis(bromomethyl)p

Tris(bromomethyl)ethanol; ropanol OR

2,2-Bis(bromomethyl)-3- bis(bromomethyl)p

bromo-1-propanol; ropyl OR

3-Bromo-2,2- Pentaerythritol OR

bis(bromomethyl)-1-propanol; Tribromoneopenta

3-Bromo-2,2- nol OR

bis(bromomethyl)propanol; Tribromoneopenty

3-Bromo-2,2- |

bis(bromomethyl)propyl

alcohol;

Pentaerythritol tribromide;

Pentaerythritol

tribromohydrin;

Tribromoneopentanol;

Tribromoneopentyl alcohol
28 1-Propanol, 3-bromo-2,2- | PubMed | Tris(bromomethyl) 509 See below Numbers in (x) equals
July bis(bromomethyl)-; ethanol (1) OR number of hits for each
2015 2,2,2- bis(bromomethyl)p serach term

Tris(bromomethyl)ethanol; ropanol AND

2,2-Bis(bromomethyl)-3- bromo (3) OR

bromo-1-propanol; bis(bromomethyl)p

13




14

3-Bromo-2,2-
bis(bromomethyl)-1-propanol;
3-Bromo-2,2-
bis(bromomethyl)propanol;
3-Bromo-2,2-
bis(bromomethyl)propyl
alcohol;

Pentaerythritol tribromide;
Pentaerythritol
tribromohydrin;
Tribromoneopentanol;
Tribromoneopentyl alcohol

ropyl AND alcohol
(0) OR
Pentaerythritol
(978) OR
Tribromoneopenty
I AND alcohol (4)

28 1-Propanol, 3-bromo-2,2- | PubMed | tris (boromomethyl) 4
July bis(bromomethyl)-; ethanol OR bis
2015 2,2,2- (bromomethyl)
Tris(bromomethyl)ethanol; propanol AND
2,2-Bis(bromomethyl)-3- bromo OR bis
bromo-1-propanol; (bromomethyl)
3-Bromo-2,2- propyl AND
bis(bromomethyl)-1-propanol; alcohol OR
3-Bromo-2,2- pentaerythritol
bis(bromomethyl)propanol; AND tribromide
3-Bromo-2,2- OR pentaerythritol
bis(bromomethyl)propyl AND bromohydrin
alcohol; OR
Pentaerythritol tribromide; tribromoneopentyl
Pentaerythritol AND alcohol
tribromohydrin;
Tribromoneopentanol;
Tribromoneopentyl alcohol
28 1-Propanol, 3-bromo-2,2- | Scopus Not Scopus rejects
July bis(bromomethyl)-; ethanol OR bis valid tris(bromomethyl)ethanol
2015 2,2,2- tbromomethyh and
Tris(bromomethyl)ethanol; propanel AND bis(bromomethyl)propano
2,2-Bis(bromomethyl)-3- bromo I

bromo-1-propanol;

Leaving out the brackets

14




15

3-Bromo-2,2-
bis(bromomethyl)-1-propanol;
3-Bromo-2,2-
bis(bromomethyl)propanol;
3-Bromo-2,2-
bis(bromomethyl)propyl
alcohol;

Pentaerythritol tribromide;
Pentaerythritol
tribromohydrin;
Tribromoneopentanol;
Tribromoneopentyl alcohol

does not yield any hits

28
July
2015

1-Propanol, 3-bromo-2,2-
bis(bromomethyl)-;

2,22-
Tris(bromomethyl)ethanol;
2,2-Bis(bromomethyl)-3-
bromo-1-propanol;
3-Bromo-2,2-
bis(bromomethyl)-1-propanol;
3-Bromo-2,2-
bis(bromomethyl)propanol;
3-Bromo-2,2-
bis(bromomethyl)propyl
alcohol;

Pentaerythritol tribromide;
Pentaerythritol
tribromohydrin;
Tribromoneopentanol;
Tribromoneopentyl alcohol

Scopus

bisbromomethyl
propyl AND
alcohol

28
July
2015

1-Propanol, 3-bromo-2,2-
bis(bromomethyl)-;

2,2,2-
Tris(bromomethyl)ethanol;
2,2-Bis(bromomethyl)-3-
bromo-1-propanol;

Scopus

pentaerythritol
AND tribromide

15




16

3-Bromo-2,2-
bis(bromomethyl)-1-propanol;
3-Bromo-2,2-
bis(bromomethyl)propanol;
3-Bromo-2,2-
bis(bromomethyl)propyl
alcohol;

Pentaerythritol tribromide;
Pentaerythritol
tribromohydrin;
Tribromoneopentanol;
Tribromoneopentyl alcohol

28
July
2015

1-Propanol, 3-bromo-2,2-
bis(bromomethyl)-;

2,22-
Tris(bromomethyl)ethanol;
2,2-Bis(bromomethyl)-3-
bromo-1-propanol;
3-Bromo-2,2-
bis(bromomethyl)-1-propanol;
3-Bromo-2,2-
bis(bromomethyl)propanol;
3-Bromo-2,2-
bis(bromomethyl)propyl
alcohol;

Pentaerythritol tribromide;
Pentaerythritol
tribromohydrin;
Tribromoneopentanol;
Tribromoneopentyl alcohol

Scopus

pentaerythritol
AND bromohydrin

28
July
2015

1-Propanol, 3-bromo-2,2-
bis(bromomethyl)-;

2,2,2-
Tris(bromomethyl)ethanol;
2,2-Bis(bromomethyl)-3-
bromo-1-propanol;

Scopus

tribromoneopentyl
AND alcohol

16




17

3-Bromo-2,2-

bis(bromomethyl)-1-propanol;

3-Bromo-2,2-
bis(bromomethyl)propanol;
3-Bromo-2,2-
bis(bromomethyl)propyl
alcohol;

Pentaerythritol tribromide;
Pentaerythritol
tribromohydrin;
Tribromoneopentanol;
Tribromoneopentyl alcohol

23 1-Propanol, 2,3-dibromo-; SciFinder 96-13-9 Exclude 327 92
July 1,2-Dibromopropan-3-ol; Patents
2015 | 2,3-Dibromo-1-propanol; HO/Y\ Br
2,3-Dibromopropyl alcohol Br
23 1-Propanol, 2,3-dibromo-; SciFinder 83165-36-0 Exclude 9 1 Alternate CAS RN to 96-
July 1,2-Dibromopropan-3-ol; Patents 13-9
2015 2,3-Dibromo-1-propanol;
2,3-Dibromopropyl alcohol
23 1-Propanol, 2,3-dibromo-; SciFinder 83165-35-9 Exclude 10 0 Alternate CAS RN to 96-
July 1,2-Dibromopropan-3-ol; Patents 13-9
2015 2,3-Dibromo-1-propanol;
2,3-Dibromopropyl alcohol
28 1-Propanol, 2,3-dibromo-; PubMed dibromopropan 18 0
July 1,2-Dibromopropan-3-ol; OR dibromopropyl
2015 2,3-Dibromo-1-propanol; AND alcohol
2,3-Dibromopropyl alcohol
28 1-Propanol, 2,3-dibromo-; Scopus dibromopropan 53 8
July 1,2-Dibromopropan-3-ol; OR
2015 2,3-Dibromo-1-propanol; (dibromopropyl
2,3-Dibromopropyl alcohol AND alcohol)
23 1,3-Propanediol, 2,2- | SciFinder 3296-90-0 Exclude 284 53
July bis(bromomethyl)-; Patents

17
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2015

1,3-Dibromo-2,2-
bis(hydroxymethyl)propane;
1,3-Dibromo-2,2-
dihydroxymethylpropane;
1,3-Dibromo-2,2-
dimethylolpropane;
2,2-Bis(bromomethyl)-1,3-
propanediol;
2,2-Dibromomethyl-1,3-
propanediol;
Dibromoneopentyl glycol;
Pentaerythritol dibromide;
Pentaerythritol dibromohydrin

Br

OH

OH

Br

27
July
2015

1,3-Propanediol, 2,2-
bis(bromomethyl)-;
1,3-Dibromo-2,2-
bis(hydroxymethyl)propane;
1,3-Dibromo-2,2-
dihydroxymethylpropane;
1,3-Dibromo-2,2-
dimethylolpropane;
2,2-Bis(bromomethyl)-1,3-
propanediol;
2,2-Dibromomethyl-1,3-
propanediol;
Dibromoneopentyl glycol;
Pentaerythritol dibromide;
Pentaerythritol dibromohydrin

PubMed

Propanediol AND
bromomethyl

26

10

Belongs to CAS RN
3296-90-0

28
July
2015

1,3-Propanediol, 2,2-
bis(bromomethyl)-;
1,3-Dibromo-2,2-
bis(hydroxymethyl)propane;
1,3-Dibromo-2,2-
dihydroxymethylpropane;
1,3-Dibromo-2,2-
dimethylolpropane;

Scopus

Propanediol AND
bromomethyl

47

Belongs to CAS RN
3296-90-0
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2,2-Bis(bromomethyl)-1,3-
propanediol;
2,2-Dibromomethyl-1,3-
propanediol;
Dibromoneopentyl glycol;
Pentaerythritol dibromide;
Pentaerythritol dibromohydrin

27 1,3-Propanediol, 2,2- | PubMed | Bis(hydroxymethyl 28 14 Belongs to CAS RN
July bis(bromomethyl)-; Jpropane OR 3296-90-0
2015 1,3-Dibromo-2,2- Dihydroxymethylpr

bis(hydroxymethyl)propane; opane OR

1,3-Dibromo-2,2- Dimethylolpropan

dihydroxymethylpropane; e AND Dibromo

1,3-Dibromo-2,2- OR

dimethylolpropane; Bis(bromomethyl)

2,2-Bis(bromomethyl)-1,3- AND Propanediol

propanediol; OR

2,2-Dibromomethyl-1,3- Dibromomethyl

propanediol; AND Propanediol

Dibromoneopentyl glycol; OR

Pentaerythritol dibromide; Dibromoneopentyl

Pentaerythritol dibromohydrin glycol
29 1,3-Propanediol, 2,2- | Scopus Bishydroxymethyl 1 0 Belongs to CAS RN
July bis(bromomethyl)-; propane OR 3296-90-0
2015 1,3-Dibromo-2,2- Dihydroxymethylpr

bis(hydroxymethyl)propane; opane

1,3-Dibromo-2,2-
dihydroxymethylpropane;
1,3-Dibromo-2,2-
dimethylolpropane;
2,2-Bis(bromomethyl)-1,3-
propanediol;
2,2-Dibromomethyl-1,3-
propanediol;
Dibromoneopentyl glycol;
Pentaerythritol dibromide;

19
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Pentaerythritol dibromohydrin

29
July
2015

1,3-Propanediol, 2,2-
bis(bromomethyl)-;
1,3-Dibromo-2,2-
bis(hydroxymethyl)propane;
1,3-Dibromo-2,2-
dihydroxymethylpropane;
1,3-Dibromo-2,2-
dimethylolpropane;
2,2-Bis(bromomethyl)-1,3-
propanediol;
2,2-Dibromomethyl-1,3-
propanediol;
Dibromoneopentyl glycol;
Pentaerythritol dibromide;
Pentaerythritol dibromohydrin

Scopus

Dimethylolpropan
e AND Dibromo

Belongs to CAS RN
3296-90-0

29
July
2015

1,3-Propanediol, 2,2-
bis(bromomethyl)-;
1,3-Dibromo-2,2-
bis(hydroxymethyl)propane;
1,3-Dibromo-2,2-
dihydroxymethylpropane;
1,3-Dibromo-2,2-
dimethylolpropane;
2,2-Bis(bromomethyl)-1,3-
propanediol;
2,2-Dibromomethyl-1,3-
propanediol;
Dibromoneopentyl glycol;
Pentaerythritol dibromide;
Pentaerythritol dibromohydrin

Scopus

Bis(bromomethyl)
AND Propanediol

Belongs to CAS RN
3296-90-0

29
July
2015

1,3-Propanediol, 2,2-
bis(bromomethyl)-;
1,3-Dibromo-2,2-
bis(hydroxymethyl)propane;
1,3-Dibromo-2,2-

Scopus

Dibromomethyl
AND Propanediol

Belongs to CAS RN
3296-90-0
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dihydroxymethylpropane;
1,3-Dibromo-2,2-
dimethylolpropane;
2,2-Bis(bromomethyl)-1,3-
propanediol;
2,2-Dibromomethyl-1,3-
propanediol;
Dibromoneopentyl glycol;
Pentaerythritol dibromide;
Pentaerythritol dibromohydrin

29
July
2015

1,3-Propanediol, 2,2-
bis(bromomethyl)-;
1,3-Dibromo-2,2-
bis(hydroxymethyl)propane;
1,3-Dibromo-2,2-
dihydroxymethylpropane;
1,3-Dibromo-2,2-
dimethylolpropane;
2,2-Bis(bromomethyl)-1,3-
propanediol;
2,2-Dibromomethyl-1,3-
propanediol;
Dibromoneopentyl glycol;
Pentaerythritol dibromide;
Pentaerythritol dibromohydrin

Scopus

Dibromoneopentyl
AND glycol

41

Belongs to CAS RN
3296-90-0
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Summary of literature search
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Search Term Dibromoneopentyl AND glycol
Database Scopus

Limitation(s)
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Literature Search Results

Search Term
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Relevant Papers 2
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Literature Search Results
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Database Scopus
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Relevant Papers 8
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Search Term dibromohydrin OR dibromopropanol
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Limitation(s)

Relevant Papers 11

Date July 28, 2015
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