


Defirikicn

type: Structural boundary:

The target chemical should have the fragment

C{H}("*Exh1;C{sp3Kin[1-10]},H")=C{H}C(=0O)N{H2} in its structure.

Exhy

fragment
H Exhq
\ /
H /C:C
N H
NC
H O
Optiars Face 1 Face 2
C{=p3Hin[1-10]}
-:Cf; ' Hx
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4. Slightly Reactive - Category D

D)
)

Query index: 1 of category: Slightly Reactive - Category D
type: Structural boundary:

The target chemical should have the fragment C(C)(=0)C(=C{H2})C{H3} in its structure.

fragment

o
H  C—C-
N2

/C:C

H \ _.-H

H <

H

Query index: 2 of category: Slightly Reactive - Category D
type: Structural boundary:

The target chemical should have the fragment C(#N)C(=C{H2})C{H2}C{H2}C#N in its

structure.
fragment

N

\Q\
H

\
C_C
H C/ ‘Y

H./ “H
/O

/C

Query index: 3 of category: Slightly Reactive - Category D
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type: Structural boundary:
The target chemical should have the fragment C(=0)(C(C{H3})=C{H})OC in its structure.

fragment
C/H
Vot
/ |
— /o—c\O H
A

Query index: 4 of category: Slightly Reactive - Category D
type: Structural boundary:

The target chemical should have the fragment C(=0)(C{H}=C{H}c1ccccc1)OC{sp3}{H} in its

structure.
fragment
" F
L&
\o
/
o=cC
\C—H
/
H—C ,
\c—c
O
\c—c/
/ \
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5. Suspect - Category F

Query index: 1 of category: Suspect - Category F
type: Structural boundary:

The target chemical should have the fragment
C{H}("*Exh1;C{sp3Kin[1-10]},H")=C{H}C#N{v3} in its structure.

fragment
EXh1
/
H—C
\C
—H
/
N%C
3}
Deefirikion Options Face 1 Face 2
C{sp3Hin[1-10]}
“ICQ“ Hx
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Mechanistic Domain: Schiff Base Formers



Mechanistic Alert: Direct Acting Schiff Base Formers

Several classes of chemical have been shown to be capable of covalently binding to proteins
via Schiff base formation. The structural alerts covered by this mechanistic alert are as
follows:

Structural alert: Mono-carbonyls

0

R

R H

R = hydrogen, any carbon (R groups cannot be aromatic, heteroaromatic or heterocyclic,
unless they are either mono- or di- ortho-substituted)

Mechanism

A Schiff base formation mechanism has been suggested to be responsible for the protein
binding ability of these types of chemicals (Gerner et al 2004, Roberts et al 2007, Verhaar et
al 1992)

+

H +
H
(P H. g H

A\ @)
| tei ‘\ -~
rotein rotein
X \_
NH2

H
\_/ OH-

protein”
“H,0

_protein

Figure 1: Schiff base formation mechanism for mono-carbonyls



Structural alert: 1-2-Dicarbonyls

@)

R = hydrogen, any carbon (both R groups cannot be aromatic, heteroaromatic or heterocyclic,
unless they are either mono- or di- ortho-substituted)

Mechanism

A Schiff base formation mechanism has been suggested to be responsible for the protein
binding ability of these types of chemicals (Enoch et al 2009, Roberts et al 2007, Verhaar et
al 1992). 1,2-Dicarbonyl chemicals have been shown to be able to undergo a second Schiff
base reaction and thus cross-link protein chains (Marqui 2001).

+

H +
A\ H
‘\ ~H N
0 ~o—H
H N/proteln H\‘I\\l/protein
o| \ o| H O| ¥
NH N o
protein”  ?
-H,0
_protein N/protein
% second Schiff base reaction 2
N .
protein/

Figure 1: Schiff base formation mechanism for 1,2-dicarbonyls



Structural alert: 1-3-Dicarbonyls

A

R = hydrogen, any carbon (both R groups cannot be aromatic, heteroaromatic or heterocyclic,
unless they are either mono- or di- ortho-substituted)

Mechanism

A Schiff base formation mechanism has been suggested to be responsible for the protein
binding ability of these types of chemicals (Aptula et al 2006, Roberts et al 2006, Verhaar et
al 1992). The potential for a second Schiff base reaction, resulting in possible protein cross
linking also exists (depending on the substitution at the second carbonyl centre).

H .
\ ¥
~H H
O "o 0 ‘\O o .o—H

M N/proteln <RI _protein
\ : :
\_/ OH_

NH
protein” 2
“H,0

rotein
0 N/IO
P
Figure 1: Schiff base formation mechanism for 1,3-dicarbonyls

Category mitigating factors

e Mono-carbonyls: R cannot be aromatic, heteroaromatic or heterocyclic directly
attached to the reactive carbonyl centre (unless they are ortho-substituted)

e Mono-carbonyls: R cannot be a second directly attached carbonyl moiety (such
chemicals are a Mechanistic class)



e Mono-carbonyls: R cannot be a group such that the alerting group becomes a 1,3-
dicarbonyl (such chemicals are a Mechanistic class)

e 1,2-Dicarbonyls: Both R groups cannot be aromatic, heteroaromatic or heterocyclic
directly attached to the reactive carbonyl centre

e 1-3-Dicarbonyls: Both R groups cannot be aromatic, heteroaromatic or heterocyclic
directly attached to the reactive carbonyl centre.

e 1,2 and 1-3-Dicarbonyls: The exception to this is if one of the aromatic groups is
ortho-substituted. This substitution causes the delocalised m-system between the
carbonyl group and aromatic ring system to be broken. This result in activity at the
carbonyl group (see examples of active Schiff base reactive chemicals in Gerberick et
al 2005).
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Mechanistic Domain: Schiff Base Formers



Mechanistic Alert: Direct Acting Schiff Base Formers

Several classes of chemical have been shown to be capable of covalently binding to proteins
via Schiff base formation. The structural alerts covered by this mechanistic alert are as
follows:

Structural alert: Mono-carbonyls

0

R

R H

R = hydrogen, any carbon (R groups cannot be aromatic, heteroaromatic or heterocyclic,
unless they are either mono- or di- ortho-substituted)

Mechanism

A Schiff base formation mechanism has been suggested to be responsible for the protein
binding ability of these types of chemicals (Gerner et al 2004, Roberts et al 2007, Verhaar et
al 1992)
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H +
H
(P H. g H

A\ @)
| tei ‘\ -~
rotein rotein
X \_
NH2

H
\_/ OH-

protein”
“H,0

_protein

Figure 1: Schiff base formation mechanism for mono-carbonyls



Structural alert: 1-2-Dicarbonyls

@)

R = hydrogen, any carbon (both R groups cannot be aromatic, heteroaromatic or heterocyclic,
unless they are either mono- or di- ortho-substituted)

Mechanism

A Schiff base formation mechanism has been suggested to be responsible for the protein
binding ability of these types of chemicals (Enoch et al 2009, Roberts et al 2007, Verhaar et
al 1992). 1,2-Dicarbonyl chemicals have been shown to be able to undergo a second Schiff
base reaction and thus cross-link protein chains (Marqui 2001).

+

H +
A\ H
‘\ ~H N
0 ~o—H
H N/proteln H\‘I\\l/protein
o| \ o| H O| ¥
NH N o
protein”  ?
-H,0
_protein N/protein
% second Schiff base reaction 2
N .
protein/

Figure 1: Schiff base formation mechanism for 1,2-dicarbonyls



Structural alert: 1-3-Dicarbonyls

A

R = hydrogen, any carbon (both R groups cannot be aromatic, heteroaromatic or heterocyclic,
unless they are either mono- or di- ortho-substituted)

Mechanism

A Schiff base formation mechanism has been suggested to be responsible for the protein
binding ability of these types of chemicals (Aptula et al 2006, Roberts et al 2006, Verhaar et
al 1992). The potential for a second Schiff base reaction, resulting in possible protein cross
linking also exists (depending on the substitution at the second carbonyl centre).

H .
\ ¥
~H H
O "o 0 ‘\O o .o—H

M N/proteln <RI _protein
\ : :
\_/ OH_

NH
protein” 2
“H,0

rotein
0 N/IO
P
Figure 1: Schiff base formation mechanism for 1,3-dicarbonyls

Category mitigating factors

e Mono-carbonyls: R cannot be aromatic, heteroaromatic or heterocyclic directly
attached to the reactive carbonyl centre (unless they are ortho-substituted)

e Mono-carbonyls: R cannot be a second directly attached carbonyl moiety (such
chemicals are a Mechanistic class)



e Mono-carbonyls: R cannot be a group such that the alerting group becomes a 1,3-
dicarbonyl (such chemicals are a Mechanistic class)

e 1,2-Dicarbonyls: Both R groups cannot be aromatic, heteroaromatic or heterocyclic
directly attached to the reactive carbonyl centre

e 1-3-Dicarbonyls: Both R groups cannot be aromatic, heteroaromatic or heterocyclic
directly attached to the reactive carbonyl centre.

e 1,2 and 1-3-Dicarbonyls: The exception to this is if one of the aromatic groups is
ortho-substituted. This substitution causes the delocalised m-system between the
carbonyl group and aromatic ring system to be broken. This result in activity at the
carbonyl group (see examples of active Schiff base reactive chemicals in Gerberick et
al 2005).
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HC @
3] *) 3 I
O—I|3—O\ — Nu—CH, + 0—P—0
S CH

H,C” A\S CH,

Nu

Figure 1: Sy2 mechanisms for thiophosphates (Nu = biological nucleophile e.g. cysteine or
lysine)

Structural alert: a-Halo ethers

Il?
C—0—C—X
H
X = halogen

R = any carbon atom, hydrogen

Mechanism

An Sy2 mechanism has been suggested to be responsible for the protein reactivity of this
class of chemicals (Hermens 1990)

X B
C—0—C—Cl —> C—0—C—Nu + CI

/

Nu

Figure 1: Sy2 mechanism for a-halo ethers (Nu = biological nucleophile e.g. cysteine or
lysine)

Structural alert: B-Halo ethers

R

C—0—CRyC—X
H

X =halogen

R = any carbon atom, hydrogen



Mechanism

An Sy2 mechanism has been suggested to be responsible for the protein reactivity of this
class of chemicals (Hermens 1990)

X B
C—0—C—C—Cl — C—0—C—C—Nu + CI

/

Nu

Figure 1: SN2 mechanism for B-halo ethers (Nu = biological nucleophile e.g. cysteine or
lysine)

Structural alert: Alkyl diazo

R\
HC—N=N—R
R

R = any carbon, hydrogen

Mechanism

An Sy2 mechanism is the most plausible route to protein binding for this class of chemicals
(Hermens 1990).

f'\
H3C_N:N_R —_— H3C_NU + N2 + RH

W

Figure 1. Sny2 mechanism for alkyl diazo chemicals (Nu = biological nucleophile e.g. cysteine
or lysine)



Structural alert: o-Haloalkenes (and related cyano, sulfate and sulphonate substituted

chemicals)

R\%\KR

R X

X = halogen, cyano, sulfate, sulphonate

R = any carbon, hydrogen

Mechanism

An Sy2 mechanism is the most likely route to protein binding for this class of chemicals
(Hulzebos et al 2005, Verhaar et al 1992).

Nu\\v
/\(CH3 — /\(CH3 + Cl
Q?I Nu

Figure 1: Sy2 mechanism for alpha-haloalkenes (Nu = biological nucleophile e.g. cysteine or
lysine)

Structural alert: a-Haloalkynes (and related cyano, sulfate and sulphonate substituted

chemicals)

N

X

X = halogen, cyano, sulfate, sulphonate

R = any carbon, hydrogen

Mechanism
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An Sy2 mechanism is the most likely route to protein binding for this class of chemicals
(Verhaar et al 1992).

QSI Nu

Figure 1: Sn2 mechanism for alpha-haloalkynes (Nu = biological nucleophile e.g. cysteine or
lysine)

Structural alert: o-Halobenzyls (and related cyano, sulfate and sulphonate substituted

chemicals)

RlYRZ

X

X = halogen, cyano, sulfate, sulphonate
R1 = aromatic carbon

R2 = any carbon, hydrogen

Mechanism

An Sny2 mechanism is the most likely route to protein binding for this class of chemicals
(Verhaar et al 1992).

Nu

\ CH CH -

3 — 3 + ClI

<fl Nu

Figure 1: Sy2 mechanism for alpha-halobenzyls (Nu = biological nucleophile e.g. cysteine or
lysine)
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Category mitigating factors

All Mechanistic classes within this category: Tertiary alkyl carbons do not undergo
the Sn2 reaction due to steric hindrance

Alkyl halides: Tertiary alkyl halides are considered to sterically hindered at the site of
nucleophilic attack to be protein reactive

Sulfonic esters: Site of nucleophilic attack (the carbon directly attached to the oxygen
atom in the R1 group) cannot be tertiary due to increased steric hindrance.

Sulfonic esters: R2 cannot be an alkene or alkyne if the chemical is a sulfonate (left
hand alert) as these chemicals are Michael acceptors.

Allyl acetates: R1 cannot be an alkene or alkyne directly attached to the carbonyl (or
sulfinyl) as these chemicals would be Michael acceptors

Allyl acetates: Y cannot be tertiary as steric hindrance prevents the Sy2 reaction
a-Halocarbonyls: Tertiary halides are not reactive due to increased steric hindrance at
the site of electrophilic attack
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Mechanistic Alert: Epoxides and Related Chemicals

Several chemical classes have been suggested to reaction with proteins via a three membered
ring opening Sn2 reaction. The structural alerts covered by this mechanistic alert are as

follows:

Structural alert: Epoxides

R = any carbon, hydrogen

Mechanism

A ring opening Sy2 mechanism has been suggested to be responsible for protein reactivity
(Aptula et al 2006, Roberts et al 2007, Verhaar et al 1992).

(& i» Nu/\/OH

/

Nu

Figure 1: Ring opening Sn2 reaction (Nu = biological nucleophile e.g. cysteine or lysine)

Structural alert: Aziridines

R/H\R

R R

R =any carbon, hydrogen

Mechanism
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A ring opening Sy2 mechanism has been suggested to be responsible for protein reactivity
(Aptula et al 2006, Roberts et al 2007, Verhaar et al 1992).

H +
H
(YA —_— Nu/\/NHZ

/

Nu

Figure 1: Ring opening Sn2 reaction (Nu = biological nucleophile e.g. cysteine or lysine)

Structural alert: Sulfuranes

R = any carbon, hydrogen

Mechanism

A ring opening Sy2 mechanism has been suggested to be responsible for protein reactivity
(Aptula et al 2006, Roberts et al 2007, Verhaar et al 1992).

(& i» el

/

Nu

Figure 1: Ring opening Sn2 reaction (Nu = biological nucleophile e.g. cysteine or lysine)

Category mitigating factors

e No mitigating factors have been reported for any of the Mechanistic classes covered
by this category

References
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Mechanistic Alert: Ring Opening Sy2 Reaction

Several chemical classes have been suggested to reaction with proteins via four membered
ring opening Sn2 reaction. The structural alerts covered by this mechanistic alert are as
follows:

Structural alert: B-Lactones

>

X = oxygen (carbonyl), sulphur (sulfinyl)

Y = oxygen, sulphur, nitrogen

Mechanism

An Sn2 mechanism involving a ring opening reaction has been suggested as being
responsible for the protein binding ability of these chemicals (Enoch et al 2008, Roberts et al
2007). Note: Only the four membered ring system is sufficiently reactive to be capable of
protein binding. This is due to the additional energy gained upon release of the strain in the
four membered ring. The equivalent five and six membered ring systems are not strained and
are thus not capable of protein binding.

O +
+ - vr
OH
N

Nu

Figure 1: Ring opening Sn2 mechanism for B-lactone derivatives (Nu = biological
nucleophile e.g. cysteine or lysine)

Category mitigating factors

e No mitigating factors have been reported for any of the Mechanistic classes covered
by this category

16
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Mechanistic Alert: Sy2 Reaction at a Nitrogen Atom

A number of chemical classes have been suggested to be capable of reacting covalently with
proteins via an Sy2 reaction at a nitrogen atom. The structural alerts covered by this
mechanistic alert are as follows:

Structural alert: Nitrosoureas (nitrogen)

X = oxygen (nitrosourea derivatives), nitrogen (nitrosoguanidine derivatives)

R = any carbon, hydrogen

Mechanism

An SN2 nitrosation mechanism has been suggested to lead to the formation of protein adducts
(Roberts et al 2007).

Nu
N e
O¢N<‘/ﬂ\ " Hy + o

N™ ONH, ——= HN" "N
CH, CH

Figure 1: SN2 nitrosation mechanism (Nu = biological nucleophile e.g. cysteine or lysine)

Structural alert: N-Acetoxy-N-acetyl-phenyl

O

PR

R2 Cl)
N

R1” \ﬂ/

@)

R2

R1 = aromatic, heteroaromatic, heterocyclic ring system

R2 = any carbon, hydrogen
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Mechanism

A nitrogen centred Sy2 mechanism has been suggested to be responsible for the protein
reactivity of this class of chemicals (Roberts et al 2007).

O
H3C)kg> + Nu @)

H I

CrANQO(CHg A QNT% " e A

Nu

Figure 1: Nitrogen centred Sy2 mechanism (Nu = biological nucleophile e.g. cysteine or
lysine)

Structural alert: N-Acyloxy-N-alkoxyamides

0

Rl)J\I}I/O\’%O

0 R2
“R2

R1 = aromatic, heteroaromatic, heterocyclic ring system

R2 = any carbon, hydrogen

Mechanism

An Sy2 mechanism has been suggested to be responsible for the alkylation of biological
macromolecules including proteins (Banks et al 2003).

0 i~ 0 0
0 O Nu -
O. _ CH ¢
“CH, ° ~CH,

Nu
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Figure 1: Sy2 mechanism for N-acyloxy-N-alkoxyamides (Nu = biological nucleophile e.g.
cysteine or lysine)

Category mitigating factors

e No mitigating factors have been reported for any of the Mechanistic classes within
this category
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Mechanistic Alert: Sy2 Reaction at a Sulphur Atom

A number of chemical classes have been suggested to be capable of reacting covalently with
proteins via an Sn2 reaction at a sulphur atom. The structural alerts covered by this
mechanistic alert are as follows:

Structural alert: Isothiazol-3-ones (sulphur)

R = any carbon, hydrogen

Mechanism

A sulphur centred Sy2 mechanism has been suggested to be responsible for the reactivity of
this class of chemicals (Figure 1). This mechanism has been shown to exist for sulphur
nucleophiles (e.g. cysteine) (Roberts et al 1997, Alvarez-Sanchez et al 2003).

_CH, H

N 3 rotein S~ N

\ ‘(S/ — P ~g” W CH,
\ O

; /SH

protein

Figure 1: Sulphur centred Sy2 mechanism involving thiol based nucleophile (e.g. cysteine)

Structural alert: Aromatic sulphonic acids

0
BN

R OH

R = aromatic, heteroaromatic, heterocyclic ring system

Mechanism
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An S\2 reaction involving disulphide exchange has been suggested to responsible for the
protein binding ability of these chemicals (Gerner et al 2004).

R R 0
[l \ / [

Figure 1: Sy2 disulphide exchange mechanism for aromatic sulphonic acids

Structural alert: Thiocyanates

R
\

S—C=N

R = any carbon

Mechanism

An Sy2 mechanism involving the cyano group acting as a leaving group has been suggested
to responsible for the protein reactivity of this class of chemicals (Hermens 1990).

H.C H.C
SN N 3N
S—C=N — $—S_ + HCN
( protein
SH
protein/

Figurel: Sy2 mechanism for thiocyanates

Structural alert: Thiols

R—SH

R = any carbon

Mechanism

An SN2 type mechanism with thiol groups in biological macromolecules resulting in the
formation of disulfide bridges has been suggested (Chipinda et al 2007, Hermens 1990).
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H,C /protein
S—H EE—— S—S

/
(’ H,C

SH
protein/

Figure 1: Disulfide bridge formation

Structural alert: Disulfides

R—S—S—R

R = any carbon

Mechanism

An S\2 type mechanism with thiol groups in biological macromolecules resulting in the
formation of disulfide bridges has been suggested (Chipinda et al 2007, Hermens 1990).

H.C CH H.C protein

3\ VAR 3\ /

(818/4 —_— S—S + H,C—SH
SH

protein/

Figure 1: Disulfide bridge formation

Structural alert: Thiosulfonates

//
R—S—S
\
R

R = any carbon

Mechanism
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An SN2 type mechanism with thiol groups in biological macromolecules resulting in the
formation of disulfide bridges has been suggested (Chipinda et al 2007, Hermens 1990).

H,C
H 3C\ >:O H3C\ /prote in 0]
S—S —_— S—S + >—SH
A

(’ H,C

SH
protein/

Figure 1: Disulfide bridge formation

Structural alert: Sulfoxides of disulfides

i
R—S—?:O
R

R = any carbon

Mechanism

An Sn2 type mechanism with thiol groups in biological macromolecules resulting in the
formation of disulfide bridges has been suggested (Chipinda et al 2007, Hermens 1990).

H.Cc O H,C protein O
NI 3\ / [l
S—?:O —_— S—S + Hac—ﬁ—H
/ CH @]
3
SH
protein/

Figure 1: Disulfide bridge formation

Structural alert: Sulfenyl halides

R—S—X

X = halide
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R = any carbon, hydrogen

Mechanism

An Sy2 mechanism has been suggested as being responsible for the protein binding ability of
this class of chemicals (Hermens 1990).

N\ _
H,C—S—CI _—— H,C—S—S—protein + HCI

/

SH
protein/

Figure 1: Sy2 mechanism for sulfenyl halides

Category mitigating factors

e The biological nucleophile must be sulphur based for of the mechanistic classes
within this category
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Mechanistic Alert: Sy2 Reaction at a Halo Atom

A number of chemical classes have been suggested to be capable of reacting covalently with
proteins via an Sy2 reaction at a halo atom. The structural alerts covered by this mechanistic
alert are as follows:

Structural alert: N-Chloro-sulphonamides

O

| H
R—S—N

TR

o Cl

R = any carbon, hydrogen

Mechanism

An Sy2 mechanism involving the chlorination of an amine moiety within a biological
macromolecule has been suggested to be responsible for the toxicity of these chemicals
(Grisham et al 1984, Peskin et al 2001, Piga et al 2005).

i i ¥
N
H3C—S—N\ - HSC—ﬁ_NHz * protein”  Cl
o Ci 0

protein”

Figure 1: Sy2 mechanism involving the chlorination of an amine unit within a biological
macromolecule

Structural alert: N-Haloimides

O O

A

R ITI R
X

R = any carbon, hydrogen
X=F,ClBrl
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Mechanism

This alert has been linked with protein binding in skin sensitisation (Zinke et al 2002).
However, no clear mechanism has been established in the literature. One can hypotheses an
Sn2 mechanism in which a nitrogen protein nucleophile (e.g. lysine) extracts the chlorine.
This mechanism is analogous to that shown to exist in N-chloro sulphonamide derivatives
(see alert SN2-14 and associated references) (Figure 1).

(@] @] O 0] H
)k )k > )k )k + protein/N\Cl
H,C ll\l) CH, H,C H CH,
/’CI
ik
prOteln

Figure 1: Possible Sy2 mechanism responsible for protein binding for this class of chemicals

Category mitigating factors

e The biological nucleophile must be nitrogen based for of the mechanistic classes
within this category
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Mechanistic Alert: Sy2 Reaction at a sp? carbon Atom

A number of chemical classes have been suggested to be capable of reacting covalently with
proteins via an Sy2 reaction at a sp? carbon atom. The structural alerts covered by this
mechanistic alert are as follows:

Structural alert: Polarised alkenes with a halogen leaving group

X

:<

H

X=F,Cl, Br,l

Mechanism

An Sy2 type mechanism (commonly referred to an SyVinyl mechanism) has been suggested
to be responsible for the ability of this class of chemicals to react with proteins (Lei et al
2009).

protein._

protein—N

Figure 1: SN2 (SnVinyl) mechanism

Structural alert: Polarised alkenes with a sulfonate leaving group

n
O—ﬁ—R
:< O

H
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Mechanism

An Sy2 type mechanism (commonly referred to an SyVinyl mechanism) has been suggested
to be responsible for the ability of this class of chemicals to react with proteins (Lei et al
2009).

protein_

protein—N O
H.C : o‘\_f - — * HC—g—OH
LY ’ g

Figure 1: SN2 (SyVinyl) mechanism

Structural alert: Polarised alkenes with a sulfate leaving group

Mechanism

An Sn2 type mechanism (commonly referred to an SyVinyl mechanism) has been suggested
to be responsible for the ability of this class of chemicals to react with proteins (Lei et al
2009).

protein_

o) protein—N
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Figure 1: Sn2 (SnVinyl) mechanism

Structural alert: Polarised alkenes with a phosphonate leaving group

i
O—P—0
| \
:< R R

X = O (phosphonate), S (thiophosphonate)
Mechanism

An Sy2 type mechanism (commonly referred to an SnVinyl mechanism) has been suggested
to be responsible for the ability of this class of chemicals to react with proteins (Lei et al
2009).
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Figure 1: Sn2 (SnVinyl) mechanism

Structural alert: Polarised alkenes with a phosphate leaving group
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X = O (phosphate), S (thiophosphate)

Mechanism
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An Sy2 type mechanism (commonly referred to an SyVinyl mechanism) has been suggested
to be responsible for the ability of this class of chemicals to react with proteins (Lei et al
2009).
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Figure 1: SN2 (SyVinyl) mechanism

Category mitigating factors

e No mitigating factors have been reported for any of the mechanistic classes covered
by this category
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Mechanistic Alert: Episulfonium lon Formation

Several chemical classes have been shown to form reactive episulfonium ions resulting in
reactive species capable of undergoing Sn2 reaction resulting in protein adduct formation.
The structural alerts covered by this mechanistic alert are as follows:

Structural alert: Mustards

R R R H

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, |

R = any 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 Sn2
attack by biological nucleophiles (Noll et al 2006, Smith et al 1995, Hermens 1990).
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electrophile: episulfonium ion

electrophile: aziridinium ion Protein adducts

Figure 1: Cyclisation and subsequent Sy2 mechanism for mustards (Nu = biological
nucleophile).

Structural alert:1,2-Dihaloalkane
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X =Cl,Br, 1

R = hydrogen, any 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).

rc N7
> s~ © D N

\_/ CI/\/S\G G

episulfonium ion

Cateqgory mitigating factors

e Fluorine is excluded for both mechanistic classes within this category due to the
strength of the C-F bond

References
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Mechanistic Domain: SyAr



Mechanistic Alert: SNAr

A number of activated aromatic chemicals have been shown to be capable of covalently
binding to proteins via an SyAr mechanism. The structural alerts covered by this mechanistic
alert are as follows:

Structural alert: Activated halo-benzenes

X

Y

X (leaving group) = F, Cl, Br, I, CN

Y (activating group) = aldehyde, nitro, cyano, halogen, sulfinyl, sulfone, sulfonate,
trifluoromethyl

Mechanism

A nucleophilic aromatic substitution mechanism (SyAr) has been proposed for chemicals of
this type (Aptula et al 2006, Enoch et al 2008, Gerner et al 2004, Roberts et al 2007).
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Figure 1. SyAr mechanism for activated halo-benzenes (Nu = biological nucleophile e.g.
cysteine or lysine)



Structural alert: Activated halo-pyridines
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X (leaving group) = F, CI, Br, I, CN

Y (activating group) = aldehyde, nitro, cyano, halogen, sulfinyl, sulfone, sulfonate,

trifluoromethyl

Mechanism

A nucleophilic aromatic substitution mechanism (SnAr) has been proposed for chemicals of
this type (Aptula et al 2006, Gerner et al 2004, Hulzebos et al 2005).
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Figure 1. SyAr mechanism for activated

nucleophile e.g. cysteine or lysine)

Structural alert: Halo-pyrimidines

X (leaving group) = F, CI, Br, I, CN

Mechanism

Nu

halo-pyridine derivatives (Nu

= biological



A nucleophilic aromatic substitution mechanism (SyAr) has been proposed for chemicals of
this type (Aptula et al 2006, Gerner et al 2004, Hulzebos et al 2005).

Nu Nu
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Figure 1: SyAr mechanism for halo-pyrimidine derivatives (Nu = biological nucleophile e.g.
cysteine or lysine)

Structural alert: Halo-triazines

X (leaving group) = F, ClI, Br, I, CN

Mechanism

A nucleophilic aromatic substitution mechanism (SyAr) has been proposed for chemicals of
this type (Aptula et al 2006, Gerner et al 2004, Hulzebos etal 2005, Roberts et al 2007).
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Figure 1: SyAr mechanism for halo-triazine derivatives (Nu = biological nucleophile e.g.
cysteine or lysine)

Category mitigating factors




e No mitigating factors have been identified for any of the mechanistic classes within
this category
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