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Computer-aided synthesis design (CASD)

1 The goal: assist chemists to find complete
synthetic routes to target molecules.

1 First systems: OCSS (1969), LHASA, SECS
SYNGEN, SYNCHEM

Theoretical/methodological foundations:
B retrosynthetic analysis

B chemical perception

B reaction representation

B strategy representation

) 1 Despite Initial success, interest waned
skepticism, limited chemical breadth.
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The emergence of the field

1 Milestone syntheses: 1 Computing milestones:
Model K¢ 1937

B Vitamin Ac 1949 0

B Cortisoneg 1951 o Colossusg 1941

B Morphine¢ 1956 o ENIAQ 1945

B Chlorophylic 1960 o The transisto 1955
(0]

1 EJ Coreyg General Methods for The integrated circuig 1960

the Construction of Complex
Molecules 1967.

Organic Chemical Simulation of Synthesis (OCS6P
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Main Approaches

CASD
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Starting Reaction
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The knowledge-base - a limiting
factor
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The knowledge-base - a limiting
factor

The knowledge:
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Digital chemical data

y {AYyOS UKS YAR mMopynQada OKSYAOlIf RFEOF K
}  Major reaction databases are available in electronic format

1 Data mining tools offer increasing flexibility in data retrieval, but are not
abstracting and extrapolating information.

DiscoveryGate
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Goals of ARChem

1 PerformRule andPrecedentbased retrosynthetic analysis of target molecules
back to readily available materials.

}  Providefully automatedgeneration of retrosynthetic reaction rules by analysis of
reaction databases.

1 Provide a comprehensive setalternative routesto a given target.
1+ Allow user guidance and control.
1 Provideliterature examplesof the suggested transformations.

} Provide direct access &iarting materialsdetails.




System Design

Starting Materials:
SigmaAldrich, Alfa
AesarAcros

Reactions:
Reaxy8 /[ L w

Expert Knowledgbases:
Interference, strategy
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Rule extraction

Source reaction:
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( \ Reaction file with atom mapping
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.

Extracted core

N22
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Atoms attached to bonds changed, made or broken in the reaction

Extended core
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Extend core to all structural features which are essential for the reaction to c
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Extending the core: driver or
passenger?

The goal of chemical perception is to discriminate between structural features that a
essential for the reaction, and those that are passengers.
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Mechanism-dependent core
extension

Nucleophilicaromatic substitution:

X NR;
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Requires & acceptor
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Extended core
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Rule extraction

Source reactionsEsterificationexamples

Reactions:
Reaxy8 /[ L w

Esterificationrule
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Rule abstraction

Similar extended cores Common extracted core

Reactions:
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Interfering functionality

Following rule abstraction, compatible functionality is detected by
examining the examples:

Moieties outside the extended core are listed as compatible.

hGKSN) Fdzy QO A2yt 3INRdzLIA SAff 0

Possibly interfering functionality will be penalized in scoring and
highlighted to the user.
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The Goldilocks principle in rule

}

}

extraction
Rule Is accurate. } Inaccurate chemistryg rule
Ruleset is needlessly Is applied in improper
fragmented. circumstances.
Search is inefficient. } Too many transforms are

Rules needlessly penalized ~ 9generated leading to a
or not triggered for low combinatorial explosion and

example count. burden on the user.

v False statistics about
functional compatibility.

TheARChenapproach: be conservative, and curate thieset 8




Advances in computational
resources

CPU Transistor Counts 1971-2008 & Moore'’s Law Com pl‘ehe nS|Ve CaICU | at|0 ns
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