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Type them into questions box!

“Why am I muted?”
Don’t worry. Everyone is muted 
except the presenter and host. 
Thank you and enjoy the show. 

Contact ACS Webinars ® at acswebinars@acs.org 

Have Questions?
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http://bit.ly/ACSnewmember

http://bit.ly/ACSnewmember
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http://bit.ly/ACSnewmember

Benefits of ACS Membership 

Chemical & Engineering News (C&EN) 
The preeminent weekly digital and print news source. 

NEW! ACS SciFinder 
ACS Members receive 25 complimentary SciFinder® research 
activities per year. 

NEW! ACS Career Navigator 
Your source for leadership development, professional 
education, career services, and much more.
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Contact ACS Webinars ® at acswebinars@acs.org 

@AmericanChemicalSociety

@AmerChemSociety

https://www.linkedin.com/company/american-chemical-society

@AmerChemSociety

http://bit.ly/ACSnewmember
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Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org 
5

“It provided the opportunity 
to discover and learn more 
about CRO. A nice informative 
presentation and pleasant 
way to spend an afternoon.”

Elena Baboi
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www.acs.org/acswebinars

Learn from the best and brightest minds in chemistry! Hundreds of webinars on 
diverse topics presented by experts in the chemical sciences and enterprise.

Recordings are an exclusive ACS member benefit and are made available to 
registrants via an email invitation once the recording has been edited and posted.

Live Broadcasts of ACS Webinars  continue to be available to the general public on  
Thursdays from 2-3pm ET!

®

http://www.acs.org/acswebinars
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http://acsoncampus.acs.org

What is ACS on Campus?

ACS visits campuses across the world offering FREE seminars on how to be published, find a job, network 
and use essential tools like SciFinder. ACS on Campus presents seminars and workshops focused on how to:
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www.acs.org/heroes

#HeroesofChemistry
ACS Heroes of Chemistry Award

The ACS Heroes of Chemistry Award is the Annual 
award sponsored by the American Chemical Society 
that recognizes talented industrial chemical scientists 
whose work has led to the development of successful 
commercialized products ingrained with chemistry for 
the benefit of humankind. 

2018 Winners:

http://acsoncampus.acs.org/
http://www.acs.org/heroes
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https://chemidp.acs.org

An individual development 
planning tool for you! 
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Upcoming ACS Webinar!
www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/popular-chemistry/predicting-nobel-5.html

https://chemidp.acs.org/
https://www.acs.org/content/acs/en/acs-webinars/popular-chemistry/predicting-nobel-5.html
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Upcoming ACS Webinar!
www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/popular-chemistry/catalyze-the-vote-2020.html

12https://www.aaps.org 

https://www.acs.org/content/acs/en/acs-webinars/popular-chemistry/catalyze-the-vote-2020.html
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Find out more about the ACS MEDI Division! www.acsmedchem.org

Join the Division Today!

For $25 ($10 for students), You Will Receive:

• A free digital copy of our annual medicinal chemistry 
review volume (over 680 pages, $160 retail price)

• Abstracts of MEDI programming at national meetings

• Access to student travel grants and fellowships

Celebrating 5 years & 50 Drug Discovery Webinars!
http://bit.ly/acsDrugDiscoveryArchive

14

2014 2015 2016 2017 2018

http://www.acsmedchem.org/
http://bit.ly/acsDrugDiscoveryArchive
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2019 Drug Design and Delivery Symposium
http://bit.ly/2019DDDS

15

T H I S    A C S   W E B I N A R   W I L L B E G I N   S H O R T L Y . . .

http://bit.ly/2019DDDS
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Presentation slides are available now! Recordings are an exclusive ACS member benefit.

Thinking Outside the Pillbox: Lead Generation and Optimization in Crop Protection Research

17www.acs.org/acswebinars
This ACS Webinar is co-produced with the ACS Division of Medicinal Chemistry, American Association of Pharmaceutical Scientists, and ACS Publications

Fides Benfatti
Team Leader, Research Chemistry, 

Syngenta Crop Protection

Tejas Shah
Research Investigator,

Corteva Agriscience

Fides Benfatti

Senior Team Leader Chemical Research

Syngenta Crop Protection

fides.benfatti@syngenta.com

Thinking Outside the Pillbox: Lead Generation 
and Optimization in Crop Protection Research

Classification: PUBLIC

http://www.acs.org/acswebinars
mailto:fides.benfatti@syngenta.com
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 Growing more with less

Classification: PUBLIC

Why do we need new Crop Protection products?

1950 2030

1 hectare

fed 2 people

1 hectare needs

to feed 5 people

Source: UNEP, Cline, Syngenta

 Climate change

20

 Resistance development and shifting pest populations

Classification: PUBLIC

Source: www.plantmanagementnetwork.org

 Changing regulatory landscape

Why do we need new Crop Protection products?
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Approximately how much was lost in billons (USD) to plant diseases and infestations 
from 2005 to 2015? 

Audience Survey Question
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

• 1 billion

• 3.5 billion 

• 5 billion 

• 7 billion 

• 9.5 billion 

21

* If your answer differs greatly from the choices above tell us in the chat! 

22 Classification: PUBLIC
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How are crop protection products discovered and optimized

Classification: PUBLIC         

Safe

SelectiveEfficacious

Outline

 Discovery of insecticidal spiroindolines

 Bioavailability-guided design of new aphicides

 Modern crop protection products targeting ion channels

24

Discovery of insecticidal spiroindolines

● Screening of a chemical library (obtained from Oxford 
Asymmetry, now Evotec)

● Insecticidal hit compound  identified by high throughput 
screening

● Activity on Drosophila melanogaster, Plutella xylostella and 
Heliothis virescens at 1000 ppm 

● Only compounds possessing a cinnamyl group displayed 
insecticidal activity

Classification: PUBLIC

Spiro[indoline-3,4'-piperidine] Insecticidal Hit!

Hughes, D. J.; Worthington, P. A.; Russell, C. A.; Clarke, E. D.; Peace, J. E.; Ashton, M. R.; Coulter, T. S.; Roberts, R. S.; Molleyres, L.-P.; Cederbaum, F.; 

Cassayre, J.; Maienfisch, P.  WO2003106457

Safe

SelectiveEfficacious
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● In vivo on-target test from day 1

● Increase in tests size parallel to project stage (HTS >>> field)

Agrochemical research: screening cascade

Classification: PUBLIC

Fungicide HTSInsecticide HTS Herbicide HTS

Field TrialsMicro Profiling Screens Profiling Screens

26

Injection of compounds in Heliothis virescens

2 halogens

1 halogen

no halogen

Discovery of insecticidal spiroindolines: Hit-to-Lead Optimization

Hughes, D. J.; Worthington, P. A.; Russell, C. A.; Clarke, E. D.; Peace, J. E.; Ashton, M. R.; Coulter, T. S.; Roberts, R. S.; Molleyres, L.-P.; Cederbaum, F.; Cassayre, J.; Maienfisch, P.  

WO2003106457

Sluder A.; Shah, S.; Cassayre, J.; Clover R.; Maienfisch, P.; Molleyres, L.-P. et al PLoS One 2012, 7(5), e34712

Classification: PUBLIC

Block metabolically weak positions
 improved potency
 cumulative effect

2 halogens

1 halogen
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Spodoptera

littoralis L1

Heliothis

virescens L1

Plutella

xylostella L2

> 500 > 500 >500

200 200 200

200 50 200

50 <12 <50

12 0.8 3

Primary screening [EC80-100 in ppm (mg/L)] 

Classification: PUBLIC

Spodoptera littoralis Heliothis virescens Plutella xylostella

• Cumulative effect observed cross lepidopteran target species
• Lead shows promising activity at low dose 

Discovery of insecticidal spiroindolines: Hit-to-Lead Optimization

28

Properties and insecticidal activity of spiroindoline lead

Lepidopteran control (activity given as effective concentration EC80 in ppm (mg / L)

Melting Point (M.p.) 168-170°C

Aqueous solubility 5 ppm@pH 6.5

Log P 5.94

pKa 7.88

PhotostabilityT50 114 mins

Rat acute toxicity MLD50 > 200 mg/Kg
Spiroindoline Lead

 

effective concentration 
EC80 in ppm (mg / L) 

Spodoptera 
littoralis L1 

Heliothis      
virescens L1 

Plutella      
xylostella L3 

Cydia 
pomonella L1 

Spiroindoline 6b 12  0.8  6 3 

Spinosad 0.8 0.8 0. 2  12  

Indoxacarb 3  3  3  12  

Classification: PUBLIC

Spinosad 10 g / hl*Check Spirodindoline 8 g / hl*

Diamondback moth, Plutella

xylostella, on cabbage

Safe

SelectiveEfficacious
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● Exploiting genetic model systems – C. elegans and Drosophila

● Comparing chemical symptoms to genetic phenotypes identifies 

candidate target proteins e.g. Spiroindolines

Symptomology – insights into the mode of action

Classification: PUBLIC

Decades of academic work linking phenotype 

(visible effects) to genetic disfunction

For a recent  extensive analysis of C. elegans behavorial phenotype:

A database of Caenorhabditis elegans behavioral phenotypes, E. Yemini et al  Nature Methods, 2013, 10, 877-879

Safe

SelectiveEfficacious

30

Symptomology in C. elegans

Hypothesis: Spiroindolines affect cholinergic signaling

Classification: PUBLIC

+ spiroindoline

Genetic mutation in acetylcholine signalling 

discovered in 1993 

(Alfonso et al. The Caenorhabditis elegans unc-17 gene: a 

putative vesicular acetylcholine transporter. Science, 1993, 

261, 617-9.)

Photo: Syngenta

Symptom resembles phenotype

C. elegans untreated

● Spiroindolines induces characteristic symptoms in C. elegans

PLoS ONE 2012, 7, e34712.



17.09.2019

16

31

Confirming the hypothesis

● Resistance mutations locate to vesicular acetylcholine 

transporter (VAChT)

● Binding of spiroindoline to VAChT can now be confirmed 

using standard biochemical approaches in vitro

Classification: PUBLIC

C. elegans

(Lots)

+ Mutagen

(EMS)

+SPIRO

(No Growth 
Dose)

Resistant 
C. elegans

● Forward genetics used to identify mutant strains resistant to SPIRO

Y48N

C203Y
E341K

Y411N

Locate resistance mutations using 

genetic mapping and sequencing

EMS= Ethane methyl sulfonate

32

Bioavailability-guided design 
of new aphicides

Classification: PUBLIC
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Which of these molecules is an or are agrochemical(s)? 
(Select all that apply)

Audience Survey Question
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

33

* If your answer differs greatly from the choices above tell us in the chat! 

Which of these molecules is an or are agrochemical(s)? 

Audience Survey Question
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

34

* If your answer differs greatly from the choices above tell us in the chat! 
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MOVEMENT INTO SOIL
ROOT UPTAKE

UPTAKE INTO AND

MOVEMENT IN INSECT

HYDROLYSIS &

METABOLISM 

IN INSECT

GREEN = TRANSPORT

RED = LOSS

BOTH = COMBINATION

RAINWASH

LEACHING

RUN OFF

XYLEM MOVEMENT -

ROOTS TO LEAVES

HYDROLYSIS AND

METABOLISM IN 

PLANT

PHLOEM MOVEMENT -

LEAVES TO ROOTS

UPTAKE INTO AND

TRANSLAMINAR 

MOVEMENT IN PLANT

SPRAY DRIFT

METABOLISM & 

CHEMICAL BREAKDOWN 

IN SOILADSORPTION

Classification: PUBLIC

How to reach the target

VOLATILISATION

PHOTODEGRADATION VOLATILISATION

PHOTODEGRADATION

36

Influence of physical chemical properties on the uptake into plants

Classification: PUBLIC

The logP and pka of agrochemicals dictate their distribution in plants

 Weak acids with intermediate lipophilicity get trapped in phloem 

 Basic molecules get trapped in vacuoles

 Caveat: carrier proteins, channels can provide active transport

Trapp S. 2009 in J. Devillers, Ed.: Ecotoxicology Modeling. Springer, Dordrecht

Buchholz, A.; O’Sullivan, A. C.; Trapp, S. In Discovery and Synthesis of Crop Protection Products; American Chemical Society: 2015; Vol. 1204, p 93.

Cytosol

pH 7.2

Outside

pH 7

Vacuole

pH 5.5

Phloem

pH 8

Xylem

pH 5.5

Cell wall Cell wall
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37 Classification: PUBLIC

Feeding behaviour of insect pests

38

Which compound won’t be efficacious for aphids control?

Classification: PUBLIC

NeutralBasic Acidic

Spirotetramat enolThiamethoxam (THMX)Imidazoline

Remember:

 Aphids are phloem and xylem feeders

 Weak acids get trapped in phloem 

 Basic molecules get trapped in vacuoles (i.e. cells)

Buchholz, A., Trapp, S., Pest Manag. Sci. (2016); 72: 929–939



17.09.2019

20

39

nAChR agonists for aphids control

Classification: PUBLIC

AChBP co-crystal structure with lead

Pharmacophore:

Cation-p interaction

H bond donor

H bond acceptor

Our target

• Low lipophilicity (logP < 2.5)

 Low molecular volume 

• Non-basic

Proc. Brighton Crop Protection Conf: Pest and Diseases 2002, 1, 145 – 152.

Safe

SelectiveEfficacious

40 Classification: PUBLIC         

Müller, K. et al. ChemMedChem 2007, 2, 1100.

Müller, K. et al. J. Med. Chem. 2015, 58, 9041.

Tuning physicochemical properties 

BASICITY

L
IP

O
P

H
IL

IC
IT

Y

DpKa = -0.8 allylic

DpKa = -0.8 allylic

pKa = 4.8

logP = 2.3 

DpKa = -3.4

(-1.7 each b-F)

DpKa = approx. -3.5





pKa = 2.7

logP = 2.9 

DpKa = -1.7

DpKa = approx. -2



x

pKa = 8.5

logP = 1.5 

DpKa = -1.5* 

axial > eq.

DpKa = approx. -0.5*



x

* From unsubstituted tropane 

Safe

SelectiveEfficacious
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Modern crop protection products 
targeting ion channels

Classification: PUBLIC

The crop science in the 1960’s used 10 Kgs of active ingredient per hectare to protect crops 
(1 hectare is almost 2.5 acres). How much active ingredient is used today in comparison? 

Audience Survey Question
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

• 1 kilogram

• 500 grams

• 100 grams

• 10 grams

• 1 gram

42

* If your answer differs greatly from the choices above tell us in the chat! 
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43 Classification: PUBLIC

https://croplife.org/crop-protection/innovation-in-crop-protection-products/

44

Product Safety – Who is being protected?

Classification: PUBLIC

https://croplife.org/crop-protection/innovation-in-crop-protection-products/
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45 Classification: PUBLIC

Lead 
Generation

Lead 
Exploration

Lead 
Optimisation

Candidate 
Confirmation

Predicting Regulatory Outcome

Acute toxicity

Genotoxicity

Carcinogenicity/Chronic 2 year study

Reproductive toxicity

Developmental toxicity

Neurotoxicity

90 day & 1 year dog

Dermal absorption

ADME – metabolites

Metabolite testing

Manufacturing intermediates

Formulation toxicity

Definitive risk assessments

Setting Direction

Mode of action alerts

Structure activity alerts

Competitor analysis

Product safety: studies per stage

Classification: PUBLIC

Classification: PUBLIC

In silico, in vitro In vivo

Compound design and 

selection

Acute toxicity 

(oral/dermal/irritation)

Skin sensitization

14/28 day rat and mouse

Preliminary Pharmacokinetics 

(PK)

Genotoxicity screening

Dermal absorption

ADME 

28 day dog

90 day rat and mouse

Preliminary development toxicity

Genotoxicity evaluation

Preliminary risk assessments

46

Channels 2008, 2, 100.

Bioorg. Med. Chem. Lett. 2014, 24, 3690.

J. Med. Chem. 2015, 58, 7093–7118

Efficacious, safe and selective: Indoxacarb

• Indoxacarb (DuPont) is an insecticide that exerts its

mode of action by targeting the Voltage-gated Sodium

channel

• It is active against Lepidoptera (moths)

Safe

SelectiveEfficacious

http://www.citoxlab.com/wp-content/uploads/2014/02/discovery-and-predictive-toxicology.png
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Mammalian safety of Indoxacarb

Differential binding

DCJW

IC50 = 1000 nM on rat NaV 1.4

IC50 = 25 nM on Bg NaV 1-1a
(Bg = Blattella Germanica)

Selective metabolism

DCJW

In insects

Hydrolases

In higher animals 

Oxydative 

metabolism

Pestic. Biochem. Physiol. 2010, 97, 87.

Crop Protection 2000, 19, 537.

Indoxacarb, JMPR Evaluation report 2005.

Active ingredient

+ other metabolites

Classification: PUBLIC

Safe

SelectiveEfficacious

48

Environmental Safety – What is being protected?

• Groundwater – Drinking water (human exposure), irrigation water, the aquifer itself as 

an entity 

• Surface Water – Drinking water, irrigation water, aquatic organisms (fish and aquatic 

plants)

• Soil – Persistence in soil, topsoil erosion, carry-over into follow on crops

• Non target insects, plants and the organisms

o Bees, beneficial insects, worms, off target plant species, birds, field dwelling 

mammals

• Air – long range transport, atmospheric degradation, vapour movement

Classification: PUBLIC

Leaching

Runoff

Spray drift

Volatilization

Drainage
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Efficacious, safe and selective: Anthranilic amides

Intrinsic target-based selectivity: 

Insect vs. Mammal

Anthranilic amides bind to the insect ryanodine receptor in muscle cells

Pest Manage. Sci. 2013, 69, 7.; Invert. Neurosci. 2008, 8, 107-19; Biochemistry, 2009, 48, 10342

Ryanodine (plant metabolite)

Crop: Cauliflower
Source: Taiwan, Syngenta trials 2007

VOLIAM TARGO Untreated

Active in the field at rates as low as 5 g/ha!

(typical rate for organophosphates = 1 Kg/ha)

Safe

SelectiveEfficacious

50

Modulation of soil persistance

Classification: PUBLIC         

Chlorantraniliprole (DuPont) Cyantraniliprole (DuPont/Syngenta)

M.p. (°C) 224

logP 1.94

pKa (acid) 8.8

Water solubility (mg/l, 20-25 °C) 14.24

Water DT50 < 1 d (pH 9, 25 °C) 

Soil DT50 average 32 d

M.p. (°C) 208-210

logP 2.76

pKa (acid) 10.8

Water solubility (mg/l, 20-25 °C) 1.0

Water DT50 10 d (pH 9, 25 °C)

Soil DT50 < 2–12 mo

(Data from BCPC Pesticide Manual)

Improved plant mobility 

Increased spectrum of insect control (aphids and 

leafhoppers)
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CP Research & Development

Discover
100’000
compounds

$280m

8-10 years

Uncertainty

Multifunctional

teams

Profile
5000

compounds

Evaluate
30

Launch
1

Classification: PUBLIC51

52 Classification: PUBLIC
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Upcoming ACS Webinar!
www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/popular-chemistry/predicting-nobel-5.html

https://www.acs.org/content/acs/en/acs-webinars/popular-chemistry/predicting-nobel-5.html
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Upcoming ACS Webinar!
www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/popular-chemistry/catalyze-the-vote-2020.html

56
https://www.acs.org/content/dam/acsorg/events/drug-discovery/slides/2019-09-19-recent-crop-protection-poster.pdf

Webinar Additional Resource!
150 Most Recent Crop Protection Active Ingredients 

https://www.acs.org/content/acs/en/acs-webinars/popular-chemistry/catalyze-the-vote-2020.html
https://www.acs.org/content/dam/acsorg/events/drug-discovery/slides/2019-09-19-recent-crop-protection-poster.pdf
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Presentation slides are available now! Recordings are an exclusive ACS member benefit.

Thinking Outside the Pillbox: Lead Generation and Optimization in Crop Protection Research

57www.acs.org/acswebinars
This ACS Webinar is co-produced with the ACS Division of Medicinal Chemistry, American Association of Pharmaceutical Scientists, and ACS Publications

Fides Benfatti
Team Leader, Research Chemistry, 

Syngenta Crop Protection

Tejas Shah
Research Investigator,

Corteva Agriscience

Celebrating 5 years & 50 Drug Discovery Webinars!
http://bit.ly/acsDrugDiscoveryArchive

58

2014 2015 2016 2017 2018

http://www.acs.org/acswebinars
http://bit.ly/acsDrugDiscoveryArchive
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Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org 
59

“It provided the opportunity 
to discover and learn more 
about CRO. A nice informative 
presentation and pleasant 
way to spend an afternoon.”

Elena Baboi

60https://www.aaps.org 
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Find out more about the ACS MEDI Division! www.acsmedchem.org

Join the Division Today!

For $25 ($10 for students), You Will Receive:

• A free digital copy of our annual medicinal chemistry 
review volume (over 680 pages, $160 retail price)

• Abstracts of MEDI programming at national meetings

• Access to student travel grants and fellowships

62

Contact ACS Webinars ® at acswebinars@acs.org 

@AmericanChemicalSociety

@AmerChemSociety

https://www.linkedin.com/company/american-chemical-society

@AmerChemSociety

http://www.acsmedchem.org/
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63

http://bit.ly/ACSnewmember

64

ACS Webinars  does not endorse any products or services. The views 
expressed in this presentation are those of the presenter and do not 
necessarily reflect the views or policies of the American Chemical Society.

®

Contact ACS Webinars ® at acswebinars@acs.org 

http://bit.ly/ACSnewmember


17.09.2019

33

65

Upcoming ACS Webinar!
www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/popular-chemistry/predicting-nobel-5.html

https://www.acs.org/content/acs/en/acs-webinars/popular-chemistry/predicting-nobel-5.html

