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EPA - New Chemicals Program

 Toxic Substances Control Act (TSCA) requires a manufacturer (including 

importer) of a new chemical substance to submit a “premanufacture notice” 

(PMN) to EPA 90 days before the date of intended start of production or import 

of the subject substance. 

 During that 90-day review period, EPA assesses whether the manufacture, 

processing, distribution in commerce, use or disposal of the substance presents 

or may present an unreasonable risk to human health or the environment. 

 Information required as part of a PMN: chemical identity, use, anticipated 

production volume, byproducts, exposure & release information, disposal 

practices, existing available health & environmental effects test data which are 

very limited.
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Mechanism-based SAR Analysis

 Physical and chemical Properties

 Metabolism and Mechanisms of Action 

 Carcinogenicity and SAR 
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Performing a Cancer Hazard Assessment 7



Mechanisms of Chemical Carcinogenesis

 Genotoxic (direct-acting/active metabolites)

Interaction with DNA to cause mutation(s) in genes

 Non-genotoxic

Receptor-mediated, oxidative stress, etc.









Critical Factors for Consideration

I. Nature of electrophiles:

 Reactivity

 Resonance stabilization of electrophilic metabolites

 Molecular flexibility

 Polyfunctionality and spacing/distance between 

reactive groups
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Critical Factors for  Consideration (cont.)

II. Environment Surrounding Electrophiles:

 Physicochemical Factors 
• Molecular weight

• Physical state, size and shape

• Solubility

 Nature and position of substituents

• Steric hindrance

• Enhancement of activation

• Blocking of detoxification
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Resonance stabilization of Reactive Intermediates
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Performing a Cancer Hazard Assessment 15



Molecular Design of Chemicals of Low Carcinogenic Potential –

General Approaches
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Approaches Rationale

1. Introduce bulky groups to increase the 

molecular size (e.g., m.w. >1,000) or hydrophilic 

groups (e.g., sulfonyl, carboxyl) 

To reduce “bioavailability”, i.e, its abililty to be 

absorbed, bioactivated and to reach target tissues 

and cells, and render it more polar so it cannot 

easily penetrate the lipid membrane of cells

2. Introduce substituent(s) adjacent to the 

electrophilic group 

To exert electronic or steric effects on the 

bioactivation and reactivity/stability of ultimate 

electrophilic metabolites

3. For alkylating agents, substituting the alkyl 

group with group (s) higher than butyl

To decrease the alkylating potential

4. Positioning of all electrophilic functional 

groups in the middle of the molecule with none at 

any terminal position 

To reduce molecular flexibility and accessibility 

of the electrophilic functional group(s) to interact 

with cellular nucleophiles such as DNA

5. For compounds which require metabolic 

activation, avoid structural features (e.g., 

conjugated double bonds, conjugated system/aryl 

moiety)

Not to provide resonance stabilization of 

electrophilic metabolites to give the reactive 

intermediates a longer life time to remain reactive 

during transport from the site of activation to 

target macromolecules











Critical Position/Factor Effect on Carcinogenic 

Potential

Rationale

a. Molecular size ↓ incumbrance area of planar 

molecule <100 Å2 or > 150 Å2

Affect absorption and 

metabolic activation. 

b. Shape ↓ > 4 condensed linear rings;

↓ high degree symmetry

Affect absorption and 

metabolic activation

c. Substitution at bay/fjord 

region benzo ring

↓ if ring substitution at each 

and every bay/fjord region 

benzo ring

Prevent formation of 

bay/fjord region diol 

epoxide

d. Substitution at L region ↑ if CH3 Prevent detoxification

↓ if bulky group Increase molecular size 

beyond the optimal range

Critical Structural Features which can Affect the 

Carcinogenicity of PAHs
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Molecular Design of Chemicals of Low 

Carcinogenic Potential - PAHs

Approaches Rationale

1. Modify (a) the size of the incumbrance area of 

planar molecule to <100 Å2 or > 150 Å2 , and (b) 

the shape to contain  > 4 condensed linear rings.

Make the chemical less favorable for absorption, 

enzyme activation and DNA interaction.

2. Avoid compounds with a bay/fjord region. If a 

bay/fjord region is absolutely needed, add 

substituent(s) at each and every bay/fjord region 

benzo ring(s).

Since metabolic activation to bay/fjord ring diol 

epoxide is the key pathway for the carcinogenesis 

of PAHs.

3. Avoid methyl group or other small substituents 

at L-region

As substitutions at L-region will prevent 

detoxicification



Some Hydrocarbon Moieties Present in Carcinogenic Aromatic Amines
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Synoptic Tabulation of Structural Requirements for Carcinogenic Activity 
of  4-Aminobiphenyl and Benzidine Derivatives

Very active if:
--F

Active if:
--NH2

--NH•OC•CH3

--NO2

Weakly active if:
--C6H5

Inactive if:
--CH3

--Cl
--Br

Active if:
--S--

Inactive if:
--NH--

For 4-aminobiphenyl:

Very active if:
3-methyl
3,2’-dimethyl
3,3’-dimethyl
3-fluoro
3’-fluoro

Active if:
3-chloro
3-methoxy
3,2,5’-trimethyl
3,2’,4’,6’-tetramethyl

Weakly active if:
3-hydroxy

Inactive if:
2-methyl
2’-methyl
2’-fluoro
3-amino

For benzidine:

Very active if:
2-methyl
3,3’-dihydroxy
3,3’-dichloro

Weakly active if:
3,3’-dimethyl
3,3’-dimethoxy

Inactive if:
2,2’-dimethyl
3,3’-bis-oxyacetic acid

Very active if:
OC•CH3

--N
OH

Active if:
--NH•OC•CH3
--N(CH3)2
--NO2
--OCH3

Inactive if:
--F

R
|

--CH--
Transition to 
diphenylmethane
and triphenyl-
methane amines

--CH==CH--
Transition to amino-
stilbenes

--N==N--
Transition to amino 
azo dyes

NH
2

H

2’3’

4’

5’ 6’ 56

4’
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Factors Affecting Carcinogenicity of Aromatic Amines

 Number of aromatic ring(s)

 Molecular size, shape, planarity

 Number and position of amino or amine-generating 
groups(s) - position of amino group relative to longest 
resonance pathway - type of substituents on amino group

 Nature, number, position of other ring substituent(s) - steric 
hindrance - hydrophilicity

 Nature of aromatic ring(s) - homocyclic vs. heterocyclic  -
nature and position of heteroatoms







Critical Structural Features which can Affect the Carcinogenicity of 
Aromatic Amines.

Critical Position/Factor Effect on Carcinogenic Potential Rationale

a. Substitution on the amino group ↑ if R/R’= H, CH3 Enhance metabolic activation

↓ if R/R’ = t-alkyl or C>2 Steric/electronic hindrance of

metabolic activation

b. Position of amino group relative activity:  4- >> 3- > 2- Resonance stabilization and 

planarity

c. Substitution on 3- and 5- positions ↑ if one CH3  Enhance metabolic activation.

↓ if bulky group(s) Hindrance or flanking effect

d. Intercyclic group (X) ↑ if   ─, ─O─ , ─S─ Allows conjugation

↓  if  ─(CH2)n ─ , n>1 Electron insulating

e. Substitution on 2-, 2’-, and/or 6-, 6’-

positions

↓ if bulky group Distorts planarity

f.  Substitution on 4’-position ↑ if  -NH2.

↑ if  –F

Extended conjugation.

blocks detoxification

N

R'

R

X
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Molecular Design of Chemicals of Low Carcinogenic Potential –

Aromatic Amines
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Approaches Rationale

1. Introduce bulky N-substituent(s) to the 

amine/amine-generating group(s)

Make the dye a poor substrate for the 

bioactivation enzymes

2. Introduce bulky substituent(s) ortho to 

the amine/amine-generating group(s) 

Provide steric hindrance to inhibit 

bioactivation

3. Introduce bulky groups ortho to the 

intercyclic linkages to distort the planarity 

of the molecule

Make it less accessible to the bioactivation

enzymes

4. Alter the position of the amine/amine-

generating group(s) in the aromatic ring(s) 

To distort the planarity of the compound and 

reduce the force of conjugation and thus the 

resonance stability of the electrophilic 

nitrenium ion.

5. Replace electron-conducting intercyclic

linkages by electron-insulating intercyclic

linkages

To disrupt the conjugation path and thus 

reduce the force of conjugation which 

facilitate the departure of the electrophilic ion







Critical Structural Features which can Affect the 

Carcinogenicity of N-Nitrosamines
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Critical Position/Factor Effect on Carcinogenic 

Potential

Rationale

a. Substitution at the α-

carbon

↓ if acidic group, fluoro 

group, bulky group(s)

Steric/electronic hindrance 

of metabolic activation 

b. Substitution in the vicinity 

of the α-carbon

↓ if branching of alkyl 

groups/bulky substituents, or 

total number of C>15

Steric/electronic hindrance 

of metabolic activation



Molecular Design of Chemicals of Low Carcinogenic 

Potential – Nitrosamines
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Approaches Rationale

1. Not to include α-carbon in the 

molecule

No α-hydroxylation and bioactivation

2. Substitution in the vicinity of the α-

carbon with branched alkyl group(s) 

or bulky substitutent(s)

Will hinder metabolic activation and 

reduce or abolish the carcinogenicity

3. Substitution at the α-carbon with 

acidic group(s), fluoro group(s), or 

bulky group(s)

Substitutents known to reduce/ 

eliminate carcinogenicity potential

4. Introduce large alkyl groups with a 

total of more than 15 carbons

Carcinogenicity decreases with the 

increase of carbon atoms
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