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MOLECULAR FORMULA

A A representation of the molecular structure that
discards connectivity and stereochemistry

I Sufficient to calculate the molecular weight
I The simplest molecular hash

A Can be used to index chemical structures

I Invariant to differences in bond representation (e.g.
Inorganic complexes), tautomeric form

A Can be used to identify isomers
I Constitutional isomers and stereoisomers




HASH FUNCTION

A A function (or procedure) that maps a set of inputs to a
smaller set of outputs
i LyLldzia 6AGK GKS alyYS KFaKSR O f
respect)
A Can be used to find/eliminate duplicates (with respect to
some property)
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Hash

o | collision

Set of hashed inputs



HASHING WORDS VS
MOLECULES



Find all ANAGRAMS In a set:
ENUMERATION

A For all pairs of words (A, B) of the same length in the set,
generate all possible orderings of the letters of A and compare
to B

A Drawbacks:

I The number of pairs of words increases witt¥ ~N

I Enumerating all possible orders of a word of length N may take a whil
A E.g. 13!is 62270208

A s there a more efficient way?
I (Hint: enumeration is rarely a good idea)




Find all ANAGRAMS in eList of WORDS

A For each word, create a hash of the letters in sorted order, for
example:
I onoboyle  W&nooy
i a02f 2 yb8Sgody I
A Collate words that hash to the same value
I belnooy : [noboyle boloney]

A Efficient process, future queries just need a lookup

A General points

I We need a hash that is only shared by the items of interest
A All anagrams otnoboyle have the haslbelnooy
A Onlyanagrams ofnoboyle have the hastbelnooy

I Hashes discard some features of the original data
A Here we discard information on the original letter order




Find anagrams

Set of words

Sort letters in
alphabetical order

Generate hash
(sorted text)

Find duplicates based
on hash

Original words are
anagrams of each
other

Find duplicate molecules

Set of molecules (e.qg.
SMILES strings)

Sort atoms in
canonical order

Generate hash
(canonical SMILES)

Find duplicates based
on hash

Original SMILES
represent the same
molecule




Find words that differ by a single
letter

A For each word, create hashes where each letter in turn is
replaced by an asterisk

A isotropic

i *sotropic  (alsoesotropig
i i*otropic  (also notropic)
I Is*tropic
i iso* ropic (alsoisorropic)
I isot *opic
I isotr *pic
i isotro *ic (alsoisotronic)
I isotrop *c
i isotropi * (alsoisotropi)




Find Molecules that differ by a
SINGLE ATOM

Cclcc2c(c(=0)[nH]1)C(=0)*/C2=C \ clccc(C)ol

A For each atom in turn, create a hash as follows:

I 1. Set to zero the atomic number, charge, isotope, and implicit
hydrogen count

I 2. Generate the canonical SMILES

A Molecules with the same hash differ by single atom
replacement



Words that differ by a
single letter

Set of words

Replace each letter in
turn with an asterisk

Generate hash (text
after replacement)

Find duplicates based
on hash

Original words have
one letter replaced

Molecules that differ by a
single atom

Set of molecules (e.qg.
SMILES strings)

For each atom in turn, set to
zero the atomic number,
charge, isotope and implicit
hydrogen count

Generate hash
(canonical SMILES)

Find duplicates based
on hash

Original molecules
have one atom
replaced




ldentify matched pairs in a set

F
b F - N
HO HO I l HO
o) 0 O
Fclcc(O)ce(cl)C(=0)clcec(*)ecl

A Replace each R group in turn by an asterisk, and generate the
canonical SMILES

A Matched pairs share the same hash
A References:

I Wagener andcommersgJCIM 2006 36, 677) usedCactvshash cod

I Popularised by Hussain and R&&IlM 2010 50, 339) using canoni
SMILES

I Our implementationd. Med. Chem2014, 57, 2704




MOLHASH

______________________________________________________________________________________



Murcko scaffold HASHes

clccc(CC2CCCCC2)ccl *clccec(C(=*)C2CCC(=*)C(")C2)c1

Murcko scaffold Extended Murcko
hash scaffold hash

A TheMurckoscaffold hash is the canonical SMILES after
removing all substituents

A The extendedviurckoscaffold hash is the canonical SM
after replacing all substituents with attachment poin



Regioisomer hash
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*C.*C(*)=0.*CC*.C1COCCNLl1.clc
cc2[ nHjccc2cl.clcecc2ccccc2cl
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A The canonical SMILES after breaking a subset of acyclic
single bonds and replacing the connection by an asterisk
hydrogen.

I Specifically, acyclic single bonds are cut if either end of the b
involved in a ring or if the bond is between a noA-Bpbridize
carbon atom and a neonarbon atom




Anonymous Graph
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A The canonical SMILES string after setting all atoms to
asterisks and bonds to single bonds

A Can identify molecules that share the same graph struc
Independent of atom identity, bond order or hydroge

count




Element Graph
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A The canonical SMILES after setting all bonds to single
bonds, and normalizing hydrogen counts

A ldentify molecules that share the same bonding
arrangement but different bond order




MESOMER HASH

CCN([O]D[O]... .. 0 .. 0
[CHIL[CH][CHI[CI2[C]([CHIL)IN][C] o 0
([CINI2)[O][O]... - '"—

A Two parts: a SMILES component and an integer

I The canonical SMILES after setting all bonds to single bonds, all
charges to zero

I Aninteger: the total charge

A Identify duplicate structures independent of reson
form



