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Talk Overview

* De novo design

* Reaction vectors

* Application of reaction vectors as transforms
* Reaction cleaning

* A desktop tool for generating structures using
one-step transforms

 Conclusions & future work
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De Novo Design

* Generation of virtual lead compounds

* Ideally should be soluble, non-toxic,
synthetically feasible etc

 Limitations of current tools:
» Restrictions in computing power
» Lack of synthesisable structures
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Aim

* Design a tool for generating synthetically
feasible structures using reaction vectors
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C-OH C-OR C-OH C-OR
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REACTANT VECTOR
(R1 +R2)

PRODUCT VECTOR (P)

3
ool D = P - (R1+ R2)
2

REACTION VECTOR (D)

1 Broughton, H. B. et al. (2003) Methods for Classifying and Searching Chemical Reactions.
01/09/08 United States Patent Application 367550. 25 Sept
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Descriptor

Use of m odified Atom Pairs descriptor
AP2 : X1(n, p,1)-2(B0O)-X2(n, p, r)

AP3 : XI(n, p, 1)-3-X2(n, p, 1)
Where:
X1 and X2 - chemical symbols
n — number of heavy atoms
p —number of ™ bonds
r — number of ring memberships
d — distance between atoms
B O —bond order
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Reaction Vectors (D =P-R) as
Reaction Transforms

The reaction vector D is given by:
D =P —R

Where P Is the product vector and R the reactant
vector.

Given a reaction vector (D) and the reactant(s) (R)
from which it was derived, can the product
vector (P ) be generated:

P=D+R or (Pl +P2)=D +(RI1 +R2)
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Applying Reaction Vectors

4 2

Reaction ] /\/\ OH > /\/
3 1

I

APs Lost APs Gained

Reaction Vector

Starting Molecule Product
A\ A\
C C N C C N C N c. _C
¢’ >c” o ~ ¢~ >c¢” SoH ~ ¢~ ~ ¢~ ¢”
Atoms/bonds New atoms/bonds
selected for removal added using APs
using APs lost gained
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Starting molecule

ORIORN
S 3 1

APs Lost
C(2,0,0)-2(1)-O0(1,0,0) | -1
C(2,0,0)-2(1)-C(2,0,0) | -2
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AtomNo. | Type [ N | P | R

1 O 11010

Atom Table 2 C [2]0]0

3 C 21010

4 C 21010

5 C 171010

AP Atom 1 Atom 2 | Bond Order

C(2,0,0)-2(1)-0(1,0,0) 2 1 1
Bond Table | ¢(2,0,0)-2¢1)-c(2,0,0) 2 3 1
C(2,0,0)-2(1)-C(2,0,0) 3 4 1
C(2,0,0)-2(1)-C(1,0,0) 4 5 1




Starting molecule AomNo. | Tyoe [N 1 P | R
e G N - 1 @) 1100
2 C 21010
CERCRR A RPN
5 3 1 4 c [2]o]o0
5 C 1101(0
AP Atom 1 Atom 2 | Bond Order
APs Lost C(2,0,0)-2(1)-0(1,0,0) 2 1 1
C(2,0,0)-2(1)-0(1,0,0) | -1 Bond Table | ¢(20,0)-2(1)-c200 | 2 3 1
C(2,0,0)-2(1)-C(2,0,0) | -2 C(2,0,0-2(1)-C(200) | 3 4 1
C(2,0,0)-2(1)-C(1,0,0) 4 5 1
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Intermediate molecule

(e (e
ORRORN
S 3 1

APs Lost

bl bl bl 1)

C(2,0,0)-2(1)-C(2,0,0)
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Atom Table

Bond Table

Atom No. | Type

albh|lw|N
Ol10[O|0

= INIDNIDN
oO|lOo|O | O

oO|lOo|O | O

AP Atom 1 Atom 2 | Bond Order
C(2,0,0)-2(1)-C(2,0,0) 2 3 1
C(2,0,0)-2(1)-C(2,0,0) 3 4 1
C(2,0,0)-2(1)-C(1,0,0) 4 5 1
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Intermediate molecule

(e} (o
ORRON
5 3

AtomNo. | Type [ N | P | R

Atom Table

AP Atom 1 Atom 2 | Bond Order

APs Lost

Bond Table

b4

C(2,0,0)-2(1)-C(1,0,0) 4 5 1

01/09/08



Intermediate molecule

AtomNo. | Type [ N | P | R

1 C 1 01]0

5 Atom Table 2 C 21010

1
AP Atom 1 Atom 2 | Bond Order
APs Gained C(2,0,0)-2(1)-C(1,0,0) 1 2 1
Bond Table

C(2,1,0)-2(1)-C(2,0,0) | +1

C(2,1,0)-2(2)-C(1,1,0) | +1
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The

Intermediate molecule

2
1 3
APs Gained
b b ) ) ﬂ
C(2,1,0)-2(2)-C(1,1,0) | +1
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AtomNo. | Type [ N | P | R
1 C 171010
Atom Table 2 C [2]0]0
3 C 21110
AP Atom 1 Atom 2 | Bond Order
C(2,0,0)-2(1)-C(1,0,0) 1 2 1
Bond Table | ¢(2.1,0)-2¢1)-c(2,0,0) 2 3 1




Intermediate molecule

oo
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1 3

APs Gained

k%
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AtomNo. | Type [ N | P | R
1 C 171010
Atom Table 2 C [2]0]0
3 C 21110
4 c |1]1]o0
AP Atom 1 Atom 2 | Bond Order
C(2,0,0)-2(1)-C(1,0,0) 1 2 1
Bond Table | ¢(2.1,0)-2¢1)-c(2,0,0) 2 3 1
C(2,1,0)-2(2)-C(1,1,0) 3 4 2
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Reaction Cleaning

44% of reactions
extracted were
incomplete

95% of these were
successfully “cleaned”
using an algorithm

The dataset consisted
of 6016 reactions
made up of 29
different reaction

types
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Incomplete reaction

After “cleaning”
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Result (5304 reactions)

% Reactions

O  H o, o) B
Z\;NQ@/N\‘O H O,
N N
[ ]@f °
\N H
/ o
o)

Correct Product 90.3
Incorrect Product 4.7
No Product Generated 5.0 Beckmann rearrangement

OH O
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N
4
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Aldol condensation

Diels-Alder cycloaddition

B

° ﬁxﬁ;v

Jompor

\ \
0=8=0 0=8=0
0=S=0 H
. "
S 0=8=0 0=8=0
° ~ ~
1 9 % cl Cl
S\/\NS\

ot

Dieckmann condensation

Ether halogenation

AO/\O@*'OYOYO o ><o i +H0\fo

N:,\\‘\ . N
Frmy = - O
\/\©+ + N
N

N

\

Olefination

OH o]
X0 4 o™
OH
o L
o~ O

Friedel-Crafts acylation

Hetero Diels-Alder

Claisen condensation

o + oy




De Novo Design

Given a starting molecule and a set of
reaction vectors can we identify suitable
reagents and build novel molecules of
potential therapeutic use?

01/09/08



The
University
Of

> Sheffield.

Starting molg

Select reaction Database g
transform reaction vq

Is a second reagent Select suitable
required? reagent

Discard reaction Can the transform
vector be applied?

Apply reaction
transform
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A Desktop Tool Using KNIME

 KNIME is a java based platform allowing
creation of visual data flows

* Nodes can be built and modified rapidly to
generate the required workflow

* Allows a plug and play approach

* Chemists can explore the next synthetic
step

' Konstanz Information Miner - www.knime.org

01/09/08


http://www.knime.org/
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KNIME Nodes

MolFileReader APGenerator

Input molecule Generate AP

RxnFileReader RxnCleaner ReactionVectors olTransformer MolFileWriter

L=
= i [» hmr [ [:::—
4 ". =

e G QL
Reaction DB Clean Generate AP Apply transforms  Whrite to file

MolFileReader APGenerator
Reagent DB Generate AP
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File

DataColumnProperties |
DataTable | DataTableSpec |

MolFileReader fH Maolecule

1 REow, 1 Caol |[a*

Input molecule 1 o
RxnFileReader RxnCl sformer MolFileWriter
RxW =
e = 1 F = e
= (]
edd”
Reaction DB Clean Generate AP Apply transforms  Whrite to file
MolFileReader APGenerator
)
Reagent DB Generate AP
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MolFileReader

Reagent DB
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File

RxnFileReader (#52), Out-Port, Table: default, Cols: 1

rfDin.alTilhle rDataTahIeSpec rDataCnIumanperties |

26676 Ro. [

i,Bc Feactions

MmE

1 o
O p o + X7
HEOY ©/ ! I II:.C/ \C-u
o] CH,
n:-—;—-:ua
il
o]
. [Writer
a
H,C 0 H4C OH =
5 o file
0 O
_0
ril' cl
0
E] 0 NH - 0 MH
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MolFileReader (#54), Out-Port 1
File
DataColumnProperties |
l DataTable |  DataTableSpec |
KN I M E P 5829 Rows, 1 ... u""J\‘ Molecule
MolFileReader

[in] »

CHy
Lb—

1 H,C +NE CH™ fod

CH,
Input molecule

RxnFileReader R

fnsformer  MolFileWriter
. ZCH e
N'—
2 H5’5></3r/

ﬁ [:::—
H,
F
ransforms

Write to file

N+

CH
()
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KNIME nodeSs-

File
MolFileReader APGeneratg . -
1/ Options |/ General Node Settings
(4 o e b . _
; Column containing reactants |7 Reactions | v
¥ i :
lnput molecule GCenerate Al Restrict number of reactants

Maximum number of reactants EE

RxnFileReader RxnCleaner

Restrict number of products:
[= >

Maximum number of products EE

7*0
Reaction DB Ge
: OK Apply Cancel
MolFileReader APGenerald
[ AP |:>—/
Reagent DB Generate AP
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MolFileReader

Input molecule

ReactionVectors

RxnFileReader RxnCleaner

@i
L
Reaction DB Clean Generate AP

MolFileReader

APGenerator

Reagent DB Generate AP
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Dialog - APGenerator (#71)

File

l/ Options |/ General Node Settings |
Data information:

Column containing molecules u-’fH Molecule |+

Atom Pairs settings:

Maximum atom distance to calculate Atom Pairs EE
Use pi bonds:
Use ring memberships:
Use hond order for AP2:

Store atom/ bond info:

Cancel

OK Apply
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KNIME nodes

MolFileReader APGenerator

Input molecule Generate AP

RxnFileReader RxnCleaner / ReactionVectors

LI
Reaction DB Clean Generate AP

MolFileReader

APGenerator

Reagent DB Generate AP
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Dialog - ReactionVectors (#2})

File

l/ Options r General Mode Settings

Data information:

Column containing reactants lﬁ; Reaction |+

Atom Pairs settings:

Maximum atom distance to calculate Atom Pairs EE
Use pi bonds
Use ring memberships
Use bond order for AP2

Remove duplicates

OK Apply Cancel
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File

l/ Options |/ General Node Settings |

Dialog - MolTransformer, (£4)

Column containing molecule to be transformed

. AtomPairs | =

Column containing Reaction Yectors

£. Reaction Vector | v

Column containing Reagent Vectors

Use reagent database:

. AtomPairs

brs olTransformer \ MolFileWriter

[ | Enumerate - use all possible reagents with each reaction?
A M
oK Apply Cancel Write to file
MolFileReader APGenerator
70
Reagent DB Generate AP
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MolTransformer (#3), Out-Port name, Table: default, Cols: 3 E]@E]
File

rrDiltaTill:llla rDalaTilhlESDE[ rDataCulumnPruperl_ies |

24 Riows, 3. u"':'\\‘ Solutions S Reaction ID |8 Reagent ID
Mol 1: 21 /\/@ reaction 6229
HO
Mol 1. 22 reaction 11178
HO
CH
Mol 1: 23 reaction 12801
HD
liZH3
Mol 1; 24 reaction 20182

[ »

MolFileWriter

|

Write to file

brs olTransformer




Replicating the Synthetic Route of
a Known Drug - Plavix™ 1

Br M/QNH CN
CN S
o A —'@
cl | 2
Cl S Cl

Plavix™ 3
No. applicable No. reagents for
Step reaction correct 5
vectors reaction COOC H3 O 7/ COOH
S ~
1 20 1 g 9
"
2 21 3 N - / N
3 15 1 n ‘
S S
4 23 1 Cl Cl

1 Wang, L. et al. (2007), Org. Process Res. Dev., 11 (3), 487-489
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Ao

Penicillin G Examples of novel molecules generated

* 24 analogues generated - 11 found in
literature

* Average cosine similarity to real products of
the reactions used was 0.55
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Enumeration ‘O "

Core structure @\N L
. Y Y

O 292 output

+
Suzuki © © ‘ structures
+ 3
+

I C
reaction ¢l O ! 0™
(0]

(
628 boronic acids R N% O

OH |N

NWH
o
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Conclusions & Future Work

* Reaction vectors can be applied successfully as
reaction transformations

« Reaction databases are continuously being updated
and this is one way to utilise the knowledge base

* A desktop tool was created using KNIME to
generate new molecules from a starting molecule,
using one-step transformations

* Next step is to incorporate this method into a multi-
objective de novo design tool
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