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Opportunities from Data

= Select “best” synthetic route
— Better use of resources/time.
— Break “cultural attachments” to routes.
— Find new approaches.
—When to stop.

= Broaden our toolkit, explore new chemistry.

= Deepen our understanding (mechanism, catalyst/substrate
matching).

= Combine experiment and computation to work towards prediction.

bristol.ac.uk



Property Databases
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Ligand Knowledge Bases e
| P, gHCHZ
= Ligands used to tune complex oo
properties. 2100 - Pl ;oor
= Characterise ligands (size, ~ " aomm P(CoFo)s
electronics). § N A R CYSCIE N
= Map ligand properties. 2080 - "PoED,
= Derive structure-property ’ LB ey, PLTOM
relationships. | Pue, :bg. o (Med;
2060 3 4 PiPry
electron Péyg “PiBug
= Are two dimensions sufficient? % 10 120 w0 160 180 200
or. . small Cone Angle (°) lar
= Transferability to other ligand o
types.

Tolman, Chem. Rev. 1977, 77, 313-348.
. For other examples: QALE, Cundari, Rothenberg.
bl’lStOl.aC.Uk See Coord. Chem. Rev. 2009, 253, 704-722.



LKB-P

= 28 descriptors, quite highly correlated.

= Projection methods:

— Reduce number of variables (dimensions) by transformatio
variables.

— Optimally represent distances between objects.

= Principal Component Analysis
— Describe variation of data in terms of uncorrelated variables.
— Derive from linear combinations of original variables.
— Maximum variance in first PC, decreasing order of importance, orthogonal.
PC,=a;v; +ta; v, + ... +a; v,
PC,=a, v, +a,,v, +... +a,,v,

bristol.ac.uk BP86/6-31G*, LACV3P on Au, Pd, Pt
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C-, N-, O-donor ligands only
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Experiment

PC2
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Dr Gareth Owen-Smith, Dr Jesus Jover, with
Jeremy Harvey, Guy Orpen, Guy Lloyd-Jones



Experiment
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Global Models:

4

PC2

LM5 Resjduals

-11 7

5 0 5 o0 5 -4.00 -
PC1 LM5 Predicted log(initial rate)

LM5: Q(B fragm.), Q(Pd fragm.), Q(Pt

fragm.), BE(Au), BE(Pd), P-Pt, AP-A(B),

AP-A(Pt) [8], R2 = 0.687, CV PE = 0.83

: Dr Gareth Owen-Smith, Dr Jesus Jover, with
bristol.ac.uk Jeremy Harvey, Guy Orpen, Guy Lloyd-Jones



LASSO

(1000 random samples)

In statistics and machine learning, lasso (least absolute
shrinkage and selection operator) (also Lasso or LASSO) is
a regression analysis method that performs both variable | |

selection and regularization in order to enhance the | |

prediction accuracy and interpretability of the statistical Fignre 313 Extmation pictrs for i baon

model it produces.

onlinecourses science.psu.

Lasso (statistics) - Wikipedia

bristol.ac.uk

Standard error

0.03

0.01

Sample 40

-6.5

-55 45

Mean prediction

Dr Ben Swallow (JGI Seedcorn Funding)
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Redox-Switchable Catalysts
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Bristol Reactivity in Catalysis Knowledgebase
(BRiCK)

= Target: New applications for known catalysts.

= Systematic study of catalytic cycles.
— Phase 1: Substrate effects on barriers.
— Phase 2: Catalysts modification (metal, ligands).
— Phase 3: Test experimentally.
— Repeat...

N UNIVERSITY OF A DIF
S BATH Kot

Derek Durand, with Prof. Paul Pringle, Dr Jason Lynam, @2

Dr Ruth Webster, Dr Alex Cresswell, BAKE University of [PONMAIAS

coming soon: Dr Thibault Cantat, Dr Jordi Carbo B0 BRISTOL [GRCA
3255 university  EPSRC Centre for Doctoral

TAX W Training in Catalysis

bristol.ac.uk
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AG relative to b (kcal mol1)

10

H - .
{(P\é@ﬁ;{g BRiCK: Ethene Hydrogenation
°S
P
b-c (OA) H
+6.02 P el
2
< P
CH; (P\'-l' -H
Rh_ !
e-f (OA) /@\CH
P PH2 P H
+0.04 HyC ( \R,h,\:s
p~~ @ CHp
f'g (eq! MI) CH3
-4.31
-23.03
product
P
_ /N _ PR ~._.S
< = PhP  PPh, S= Hye”H ( R cH
: P CH,
bristol.ac.uk

Derek Durand Jaguar 8.5, B3PW91-D3, 6-31G(d), 298 K, PCM (methanol)



1

/Rh\ H — /Rh\ \ — /Rh\
Substrate (U) AAG Oxidative Addition (kcal mol-1)
Ethene 9.23
Acetylene 4.90
Carbon Monoxide 8.71
-1
H H H
\ \ P \
(P\;h/O—CH;), P\R!:,:O—CH3 < o O CHs
@Y, @Y p~ ® ~y-H
H H ) H
Substrate (U) AAG Reductive Elimination (kcal mol-1)
Ethene 5.29
Acetylene 5.12

bristol.ac.uk

Carbon Monoxide

Derek Durand

3.93



Conclusions

= Databases of descriptors (ligands, substrates, catalysts).
— Maps.
— Models (experimental and computational responses).
— Screening — design and optimisation.

= Mechanism. .
— Reasonable accuracy. We I | ke d ata!

— Multiple catalysts.
— Selectivity and change in mechanism remain challenging.

= Now moving on to mapping reactivity — BRICK, with experimental testing.
= Extreme value prediction.

bristol.ac.uk
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Study at Bristol

Schools & faculties Research Business & partnerships

School of Chemistry

People & contacts

Currentstudents  Currentstaff  Alumni

— e

School of Chemistry

Courses and programmes

Research

Facilities

% Nuclear Magnetic Resonance

» Mass spectrometry

% X-ray crystallography

< Bristol Automated Synthesis Facility

- Electron and scanning probe
microscopy

Chemistry library

- NERC Life Sciences Mass Spectrometry
Facility

Undergraduate Teaching Labs

Outreach

People

News

Events

Bristol Automated Synthesis Facility

Our Automated Workstation (Chemspeed Technologies) is available for
automated parallel chemical synthesis, with capabilities including inert
atmosphere, solids dispensing, temperature control from -70 °C to 120
°C, high pressure (up to 80 bar) and integrated solid-phase extraction
with dedicated LC-MS off-line analysis.

University of Bristol Chemspeed platform: (from left to right) Programming station; SWING
platform; Huber thermostat.

bris.ac.uk/chemistry/facilities/basf

Contact Details

Please contact chem-
basf@bristol.ac.uk to find out more
information

Applications for use

We welcome applications for use to
complete this application

form Chemspeed Application Form
Office document, 26kB), you can see
an example of a completed form by
opening Chemspeed Application
Form Example (PDF, 180kB

Library Synthesis - Tetrazole
Library Example

Chemspeed Example Synthesis of a
Triazole Library (PDF, 185kB)
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