ORGANIC SYNTHESIS

Artificial Intelligence In Organic Synthesis

"W StudentLearning Outcomes (SLOs) ®
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= Describe the use of Artificial Intelligence tools in designing organic molecules which may have the
potential to be used as medicine (halicin can be used as an example).




14.1 Influence of Artificial Intelligence on
Pharmaceutical Research

Artificial intelligence (Al) has greatly influenced the area of pharmaceutical research and
development, especially in the production of natural compounds with possible uses in
medicine.

Al tools are being used in the pharmaceutical research due to the following advantages.

1. Data-driven discovery

Al can process vast amounts of chemical, biological, and pharmacological data to identify
potential drug candidates. For example, hallicin was discovered using an artificial intelligence
model trained on a dataset of known medicinal compounds. The model predicted the
antibacterial properties of Halicin, which were not previously identified for this purpose.

2. Virtual Screening

Artificial intelligence (Al) technologies can conduct online screening of extensive collections
of chemical compounds to pinpoint those that might interact with particular biological
entities. This speeds up the initial stages of drug development, narrowing down the pool of
possible candidates from millions to a more feasible size. In the case of Halicin, the Al
algorithm examined over 100 million molecules across the ZINC15 database.

3. Molecular Generation

Generative models such as VAE (variable autoencoder) and generative adversarial networks
(GAN) can generate new molecules with desired properties. These Al models learn the
underlying patterns of chemical structures and create new compounds that can be
synthesized and tested. These tools are particularly useful for exploring chemical states
outside of known compounds.

4, Optimizing lead compounds

Artificial intelligence can help optimize lead compounds by predicting how changes in their
chemical structure will affect their performance, stability and safety. This iterative process
of design and testing is accelerated by Al's ability to predict features and recommend
improvements.

5. Prediction of biological activity and toxicity

Machine learning algorithms can forecast the biological behaviour of substances and their
possible toxicity, minimizing the necessity for thorough laboratory and animal testing.
Through examining molecular configurations and relating them to existing information,
machine learning can identify potentially dangerous substances at an early stage in their
creation. Additionally, machine learning can aid in understanding how new medications work.
By examining how potential drugs interact with living systems, machine learning can propose
the molecular impacts of these drugs, which can inform subsequent enhancements and
progress.
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14.2 Case Study: Hallicin

Hallicin was originally developed as a diabetes drug. It has been introduced as an
antibiotic by artificial intelligence. The Massachusetts Institute of Technology (MIT)
Cambridge researchers used a deep learning model trained on the molecular structures and
bioactivity data of thousands of compounds. The model identified helicin as a potential
antibiotic because of its predicted ability to disrupt bacterial cell membranes. This prediction
was confirmed by laboratory tests that showed the effectiveness of hallicin against many
antibiotic-resistant bacteria.

The success of Halicin underscores the power of Al to identify and optimize new drugs. We
can hope for more efficient and effective development of therapeutics in the future.

14.3 Advantages of Al in drug development

Use of Al in drug development has following advantages
Speed: Al significantly reduces the time needed to find new drug candidates.

Cost-effectiveness: By narrowing down the list of potential candidates in a timely manner, Al
reduces the costs associated with experimental testing.

Innovation: Al can investigate new chemical states that traditional methods may not account
for, leading to the discovery of entirely new classes of drugs.

KEY POINTS

e Al can process vast amounts of chemical, biological, and pharmacological data to
identify potential drug candidates.

e Artificial intelligence (Al) technologies can conduct online screening of extensive
collections of chemical compounds to pinpoint those that might interact with
particular biological entities.

» Artificial intelligence can help optimize lead compounds by predicting how changes
in their chemical structure will affect their performance, stability and safety. _

e Hallicin was originally developed as a diabetes drug. It has been introduced as an
antibiotic by artificial intelligence.

« Al significantly reduces the time needed to find new drug candidates.

Al reduces the costs associated with experimental testing.
References for futher studies
« "Al: A Very Short Introduction” by Margaret A. Boden “.
« Website: Blockly




EXERCISE

1. Multiple Choice Questions (MCQs)

i.

il

iii.

iv.

What is the primary function of Al in drug discovery as exemplified by the discovery of
Halicin?

a) Manufacturing drugs b) Predicting biological activity and toxicity

c) Performing virtual screening d) BothBand C

What was Halicin originally developed for before being repurposed as an antibiotic?
a) Cancer treatment b) Diabetes

c) Cardiovascular disease d) Alzheimer's disease

Which database was used to screen molecules when discovering Halicin?

a) PubChem b) DrugBank c) ZINC15 d) ChemSpider

What advantage does Al offer in the early stages of drug discovery?

a) Increased manufacturing speed b) Reduction in the need for clinical trials
c) Cost-effective narrowing down of potential candidates

d) Ensuring drug approval from regulatory bodies

What was the original purpose of the compound Halicin before its antibiotic properties
were discovered?

a) An anti-inflammatory agent b) A diabetes drug
c) A painkiller d) A cholesterol-lowering drug

2. Short Answer Questions

i

1.

iii.

iv.

V.

What is the significance of Al in predicting the biological activity and toxicity of
compounds?

Explain how Al models help in the optimization of lead compounds during drug
discovery.

Describe the process of virtual screening and its importance in the context of Al-driven
drug discovery.

What role did the deep learning model play in the discovery of Halicin as an antibiotic?
Why is MIT notable in the field of Al and drug discovery?

3. Long Answer Questions

Discuss the various stages of drug discovery where Al tools are utilized, providing
examples for each stage. How does Al improve the efficiency and effectiveness of
these stages?

Examine the case study of Halicin to illustrate the broader implications of Al in drug
repurposing. What were the key steps involved, and how did Al contribute to each
step? What does this case study suggest about the future of Al in medicinal chemistry?




