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Organic chemistry is important in many areas of industry and in the field of
pharmaceuticals. In this module you will explore some of the key aspects of organic
chemistry in the context of the design and delivery of drugs. This brings together
issues of fundamental research, industrial scaling up of processes, environmental
impact and patent law.

Module Authors

Dr. Derek Raine Physics

Dr. Paul Jenkins Chemistry (synthesis and mechanisms).
Dr Dylan Williams Chemistry

Dr. Mark Lowe Chemistry (scale up)

Prof. Clive Bagshaw Biochemistry (enzyme kinetics and
dynamics).

Prof. Paul Cullis Chemistry (NMR characterisation).

Dr. Anton Hutter Patents

Cover image: The Atomium by O Palsson CC-BY
http://www flickr.com/photos/opalsson/3773629074/

The Centre for Interdisciplinary Science would like to thank Mrs Rebecca Cowling for
her input into this module.
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Problem Statement

It should be noted that the treatment, drugs and enzymes used in this module are
fictitious. We will be exploring the process of design and delivery of drugs, rather
than the actual drugs themselves.

Biosoftware Solutions Ltd.

Driving Innovalion forward

Internal MEMO

| want you to take a look at this. A full scale implementation is too ambitious for our
company, but we should look at a range of simplified steps we’'d need to implement
to follow the drug delivery process. | think we should base our initial exploration on

the BeDa case.

Simon Maclntyre
CEO Biosoftware Solution Ltd.
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PRESS RELEASE

GE To Develop Biotic Man To Help Accelerate
Drug Development

New study in partnership with D.O.D. aimed at addressing
biological threats

NISKAYUNA, N.Y., Nov 20, 2008 (BUSINESS WIRE) -- GE Global Research, the
technology development arm for the General Electric Company

GE announced today a two-year, $1.1 million collaboration with the Transformational
Medical Technologies Initiative (TMTI) to develop a physiologically based "virtual
human." This collaboration is supported by a contract awarded by the Defence Threat
Reduction Agency (DTRA), a division of the U.S. Department of Defence.

The so-called Biotic Man project will involve the design of a computer model that could
dramatically speed drug design in response to the threat of biological attacks on the
battlefield or in domestic situations. The project will advance a software program
originally developed by GE Global Research. This Physiologically Based
Pharmacokinetic (PBPK) software tool uses computational models to measure a drug's
response in the body long before clinical trials.

GE researchers will adapt the PBPK tool to computationally model the impact of
bacterial, viral and other infectious agents on the human body. The modified tool will
simulate the response of new antibiotic or antiviral drug therapies to a specific threat. In
addition, the tool will be designed to accurately represent the physiological changes in a
critically ill patient suffering from burns, trauma, or recent surgery to help evaluate the
effectiveness of the drug therapy under the various conditions it might be administered.

"GE's Biotic Man project is all about speed. The goal is to enable faster development of
drugs to respond to new biological threats," said John Graf, Principal Investigator on the
project for GE Global Research. "This new software tool also could have broad impact
across the pharmaceutical industry, helping to accelerate efforts to develop new drug
remedies at substantially reduced costs."

"This new, enhanced software tool will enable researchers to test and develop new drug
therapies in a virtual, safer environment with better quantitative information," Graf added.

The main obstacles to faster, more efficient drug development today are challenges with
safety and the inability to predict drug failures earlier, before human testing or even in
initial stage clinical trials. These limitations also can lead to dramatically higher testing
costs. Gains in productivity and potential cost savings may be achieved from better
decisions based on quantitative information, identification of lead compounds, and more
effective trials.

http://www.marketwatch.com/news/story/GE-To-Develop-Biotic-
Man/story.aspx?quid=%7B7F1C72B4-C28E-42BA-BDCB-292589C5D510%7D
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Numerate Completes $4 Million Financing

SAN BRUNO, Calif.--(BUSINESS WIRE)--Numerate, Inc., a biotechnology company
leveraging a novel drug engineering process to design lead-stage drug compounds,
announced today that it has completed a $4 million Series A financing. Investors
included Foundation Capital, Lanza techVentures and various individuals. Concurrent
with the financing, Adam Grosser, a general partner with Foundation Capital, has
joined Numerate’s Board of Directors.

“We are confident that Numerate’s computationally-based drug design process can
help fill the critical gap that currently exists between basic research and the
development of high-potential clinical candidates,” stated Mr. Grosser. “This novel
capability has the potential to serve as an alternative to the in-licensing of preclinical
drug candidates, at a fraction of the cost and in less time than the in-licensing
process.”

According to Guido Lanza, Numerate’s president and chief executive officer, “This
investment will help Numerate to pursue a broad range of partnering opportunities.
Our plan is to deliver robust lead-stage programs in return for significant milestone
and royalty payments that are linked to success in the lab, the clinic and the
marketplace. In this way, we mitigate the chemical design risk for our partners. Adam
Grosser’s extensive experience in launching innovative start-ups will be invaluable as
we implement this strategy.”

Numerate’s drug engineering process combines advances in computer science,
statistics, and molecular modeling to address, in parallel, the key objectives of safety,
efficacy and novelty at design-time. The result is active, selective, synthesizable, and
patentable drug leads.

http://www.businesswire.com/portal/site/google/?ndmViewld=news view&newsld=20
081118005497&newslLang=en
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The BeDa story

The molecule shown in the scheme below was once used as a treatment for
depression under the trade name Infrat ™. Unfortunately, after a limited time, it fails
due to the presence of an enzyme in the liver called BeDa. This enzyme metabolises
the drug according to the scheme shown, meaning there is limited availability of the
drug by the time it gets to the brain where it is required.

NH, currently used drug

OH CHZ_S_COOH

OH
BEDA
in the liver
unwanted metabolite
OH CH,— CH,—COOH
OH

The solution was to produce a drug to be used in combination with Infraf in
sufficiently high purity that would inhibit the action of BeDa, and hence allow the anti-
depressant, now called Infra*f, to continue working for longer. Environmental
concerns meant that it took a number of years to scale-up the process for industrial
production. By this time there were a number of competitors on the market which did
not have the side-effects of Infra” 1. This sent the company back to the drawing board
to take a closer look at how enzyme action could be inhibited. But too late for the
investors!
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Staff

Dr. Derek Raine Physics

Dr. Paul Jenkins Chemistry (synthesis and mechanisms).

Dr Dylan Williams Chemistry

Dr. Mark Lowe Chemistry (scale up)

Prof. Clive Bagshaw Biochemistry (enzyme kinetics and
dynamics).

Prof. Paul Cullis Chemistry (NMR characterisation).

Dr. Anton Hutter Patents
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Learning Objectives

To be able to:

* Name simple organic compounds (including haloalkanes, alcohols, ketones,
amines, carboxylic acids and esters) and their associated functional groups.

* Describe the mechanism and conditions necessary for an esterification
reaction.

* Interpret a range of reaction mechanisms, including synthesis.

* Describe the difference between a transition state and a reaction
intermediate, and show these on an energy profile diagram.

* Determine a possible reaction pathway for the synthesis of a compound using
retrosynthetic analysis given some known functional group transformations.

* Calculate the yield of a reaction.

* Give the meanings of the labels (L) and (D).

Theoretical background to laboratory techniques

To be able to:
* Describe how to carry out reflux, distillation, liquid-liquid extraction and rotary
evaporation experiments.
* Describe some purification methods used in organic chemistry, especially
recrystallisation.

Enzyme and dynamics

To be able to:

* Draw and explain an energy profile diagram with and without a catalyst.

* Explain why the transition state is important when considering enzymes.

* Understand the importance of binding coefficients.

* Describe how pH, temperature and the presence of an inhibitor can affect
enzyme function.

* Describe how Michaelis-Menten kinetic data may be obtained by use of a
Lineweaver-Burke Double Reciprocal plot.

* Describe the assumptions underlying the Michaelis-Menten data, and the
significance of the results to determining enzyme characteristics.

* Recognise the three modes of inhibition, competitive, uncompetitive and non-
competitive from appropriate Michaelis Menten kinetic data.

* Describe some ways in which an inhibitor for an enzyme might be found.

Industrial chemist

To be able to:
* Discuss problems which may occur when scaling up a reaction to an
industrial context.
* Be able to discuss the use of the properties of azeotropes in industrial organic
synthesis.
* Describe the stages of commercialisation necessary to bring a new drug to
the market.
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Describe the importance of purification in drug design.

Describe ways potential drug candidates may be found, and give examples.

Describe the nature and importance of clinical trials.

Briefly describe the type of intellectual property protected by trademarks,

copyright and design.

» Describe the process of obtaining a patent for a new invention, and the parts
of a patent.

* Describe the measures chemical firms put in place in order to minimise their

effect on the environment.

Chemical information skills

Green chemistry

* Be able to describe the measures chemical firms put in place in order to

minimise their effect on the environment.

Spectroscopy characterisations

To be able to:
* Describe the physical basis for the technique of NMR.
* Analyse simple NMR spectra, given tabulated data.
* Analyse the main bands for an IR spectrum of a simple compound.
* Analyse mass spectroscopy data.
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Reading List

Brown, LeMay & Bursten, (2006) Chemistry, The Central Science, 10" Edition.
* Section 19.7: Looks at the relationship between Gibbs Free Energy and the
equilibrium constant.
* Chapter 25: This chapter revises some of the prerequisite knowledge you
will need for this module, most of which was covered in Science of the
Invisible.

McMurry, (1998 / 2003) Fundamentals of Organic Chemistry, 4th (1998) or 5th
(2003) Edition.

* Chapter 3: This chapter gives a general introduction to organic chemistry,
including an introduction to the types of organic reaction, reaction
mechanisms, intermediates and transition states, and energy profile
diagrams.

* Chapter 6: This chapter looks at stereochemistry, racemic mixtures, and the
resolution of enantiomers. It is strongly recommended that you read this with
a chemical modelling set to hand.

* Fourth Edition, section 7.5 — 7.8 or Fifth Edition, section 7.4 — 7.6:
Nucleophilic substitution reactions and their stereochemistry. Note: this is the
general mechanism for the conversion of an acid into an ester.

* Fourth Edition, section 10.6 or Fifth Edition, section 10.5: Reactions of
carboxylic acids, including that required to form an ester from a carboxylic
acid and an alcohol.

* Chapter 13: This chapter is on structure determination, and includes IR,
NMR, and UV-visible spectroscopy.

Berg, M., Tymoczko, J. L., & Stryer, L. (2007) Biochemistry, 6™ Edition.
* Chapter 8: Enzymes: basic concepts and kinetics
* Chapter 35: Drug development — an overview of the process.

Patrick, G. L. (2005) An introduction to Medicinal Chemistry, 3" Edition.
* Part B, Chapters 9 -12; Gives a lot more detail on Drug discovery, design and
development.

Williams, D.H. (1996) Spectroscopic methods in organic chemistry, 5th Ed. McGraw-
Hill.

Anastas, P.T. & Kirchoff, M.M. 2002. Origins, Current Status, and Future Challenges
of Green Chemistry. Acc. Chem. Res., 35, 686-694

Kirchoff, M.M. 2005. Promoting sustainability through green chemistry — Resources,
Conservation and Recycling., 44, 237-243

Poliakoff, M., Fitzpatrick, J.M., Farren, T.R. & Anastas, P.T. 2002. Green Chemistry:
Science and Politics of Change. Science., 297, 807-810
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Fiorino, T. 2007. Industry, Clinical Trails, and the Cost of Cancer Drugs: An Investor’s
Perspective. Journal of Clinical Oncology., 25, no. 19, e21-e23

Mestres, R. 2004. A brief structured view of green chemistry issues. Royal Society of
Chemistry., G10-G12

Clark, J.H. 2006. Green Chemistry: today (and tomorrow). Green Chem., 8, 17-21

http://orgchem.colorado.edu/hndbksupport/cryst/cryst.html
This website gives you information about how to carry out a recrystallisation,
including a ‘recrystallisation movie’ which should answer any questions.

http://www.whfreeman.com/stryer4/

This gives online access to the fourth edition of a key biochemistry textbook. It
should be noted however, that the current edition of this book is the sixth edition,
available from the i-Science Library, and it contains a full chapter on drug design and
delivery, so you are encouraged to borrow this text also.

http://www.cis.rit.edu/htbooks/nmr/inside.htm
Practically a textbook on NMR

http://vam.anest.ufl.edu/forensic/nmr.html
For a great animation of how NMR signals arise

http://spectraschool.org
Gives you several different types of spectra including IR, nmr, which you can carry
out integrations, expand, zoom yourself. Due to go live in January!

http://gb.espacenet.com
Free searchable online database of patents, hosted by the European Patent Office
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A Guide to Module Pacing

Session | Preparation ~ Learning Outcomes
* If you did A-level Biology or Chemistry review your

notes on catalysts and enzymes. Catalysts

FSO1 + Fundamentals of Chemistry (4"/5" Ed.): Chapter 3. Enzymes
) Energy profile

* Chemistry, The Central Source: Chapter 25. diagrams

* Biochemistry: Chapter 8.
* Review functional groups from the Science of the
Invisible module. .
) Functional groups;
FS02 * Chemistry, The Central Source: Chapter 25. transformations
* Fundamentals of Organic Chemistry: Section 7.5- Reaction yields
7.8, 10.6 (4" Ed.) or section 7.4-7.6, 10.5 (5" Ed.).

ESO01 Esterification
¢ Review material covered in ES01.

e Chemistry, The Central Source: section 19.7.

* Fundamentals of Organic Chemistry: Chapter 3, 6 Esterification

FS03 (both editions). Reaction Mechanisms
* Fundamentals of Organic Chemistry: Section 7.5-
7.8, 10.6 (4" Ed.) or section 7.4-7.6, 10.5 (5" Ed.).
LS01 Preparation of methyl
pentanoate
Recrystallisation of
Celte Benzoic Acid
e Laboratory notes from LS01 & LS02
* Research separation and purification techniques Medthod_sf'of §eparat|on
FS04 and puri |cat|pn
* http://orgchem.colorado.edu/hndbksupport/cryst/cry  Physical basis for
these techniques
st.html
ES02 Industrial Scale Up
* Re-read notes from ES02
* Biochemistry, 6" Ed.: chapter 35. Industrial Scale Up
FS05 * An introduction to Medicinal Chemistry: Part B, Stages Of_ o
Commercialisation
chapters 9-12.
* Basic Guide to SciFinder Scholar.
Papers:
e Origins, Current Status, and Future Challenges of SciFinder Scholar,
FS06 Green Chemistry. Acc. Chem. Res., 35, 686-694 Google Scholar, Web

of Knowledge, SDBS

* Promoting sustainability through green chemistry — Green Chemistry

Resources, Conservation and Recycling., 44, 237-
243

Interdisciplinary Science 2008-9 PA2013 14/73



Green Chemistry: Science and Politics of Change.
Science., 297, 807-810

Industry, Clinical Trails, and the Cost of Cancer
Drugs: An Investor's Perspective. Journal of
Clinical Oncology., 25, no. 19, e21-e23

A brief structured view of green chemistry issues.
Royal Society of Chemistry., G10-G12

Green Chemistry: today (and tomorrow). Green
Chem., 8, 17-21

Basic Guide to SciFinder Scholar

Papers:

Origins, Current Status, and Future Challenges of
Green Chemistry. Acc. Chem. Res., 35, 686-694
Promoting sustainability through green chemistry —
Resources, Conservation and Recycling., 44, 237-
243

Green Chemistry: Science and Politics of Change.

SciFinder Scholar,
Google Scholar, Web

FS07
Science., 297, 807-810 of Knowledge, SDBS
Green Chemistry
* Industry, Clinical Trails, and the Cost of Cancer
Drugs: An Investor's Perspective. Journal of
Clinical Oncology., 25, no. 19, e21-e23
* A brief structured view of green chemistry issues.
Royal Society of Chemistry., G10-G12
Green Chemistry: today (and tomorrow). Green
Chem., 8, 17-21
* Biochemistry: chapter 8. Enzyme inhibition
FS08 * http://www.whfreeman.com/stryer4/ Lock anq Key
Mechanism
* Read the laboratory script for the Enzyme
Kinematics (laccase) experiment.
FS09 * Biochemistry: chapter 8. Enzyme kinematics
e http://www.whfreeman.com/stryer4/
Enzyme kinetics and
=5ty dynamics
LS03 Enzyme kinetics
(laccase)
FS10 Background reading. Enzymfe Kinetics and
ynamics
; Methods of finding
FS11 Background reading. inhibitors
FS12 Review course material so far. Assessing purity
ES04 Physical basis of NMR
* Re-read notes from ES04
o o Physical basis of NMR
FS13 * http://www.cis.rit.edu/htbooks/nmr/inside.htm Introduction to Patent

http://vam.anest.ufl.edu/forensic/nmr.html

Law

Interdisciplinary Science 2008-9
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ES05
* Re-read notes from ES05.
* Fundamentals of Organic Chemistry: chapter 13.
FS14 * http://spectraschool.org
* Spectroscopic methods in organic chemistry, 5"
Ed.
ES06
* Re-read notes from ES06
FS15 * Fundamentals of Organic Chemistry: chapter 13.
* http://spectraschool.org
ES07
FS16 There is no FS16

Patent Law

Patent Law
NMR spectra

Assigning NMR
spectra

Assigning NMR
spectra

Spectroscopy
Workshop

Interdisciplinary Science 2008-9
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Facilitation Sessions

Pre Session Preparation

* If you did A-level Biology or Chemistry review your notes on catalysts and
enzymes.

»  Fundamentals of Chemistry (4"/5™ Ed.): Chapter 3.

*  Chemistry, The Central Source: Chapter 25.

* Biochemistry: Chapter 8.

Introduction to Module

Introduction to the module as a whole, including a brief overview of the
documentation (highlighting the CLEs/Deliverables). Introduction to the Problem
Statement.

Introduction to Catalysts and Enzymes

Initiate a class discussion on catalysts and enzymes;
What do the students know from their previous studies?

Do they know anything about the kinetics and thermodynamics of chemical
reactions?

Energy Profile Diagrams

Ensure that students are able to draw and describe in detail an energy profile
diagram for a reaction with and without the presence of a catalyst.
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Facilitation Session 02

Pre Session Preparation

* Review functional groups from Science of the Invisible.

* Chemistry, The Central Source: Chapter 25.

*  Fundamentals of Organic Chemistry: Section 7.5-7.8, 10.6 (4™ Ed.) or
section 7.4-7.6, 10.5 (5™ Ed.).

Review of Functional Groups

Review functional groups covered in the Science of the Invisible module. Types of
molecules/functional groups to cover:
¢ Alcohol
Carboxylic acid
Aldehyde
Haloalkane
Ester
Amine
Ketones

Determine which functional groups are present in the anti-depressant drug.

As a class determine some ways in which we might try to prevent BEDA from binding
to the anti-depressant by looking at some chemical reactions that might be carried
out in order to achieve this. Discuss relevant functional group transformations.

Reaction Yields
Discuss the method used to calculate the yield of the reactions discussed above.
Prepare for the Expert Session

Prepare a list of questions to ask the Expert in ES01 “Esterification”.
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Facilitation Session 03

Pre Session Preparation

* Review material covered in ES01.

*  Chemistry, The Central Source: section 19.7.

* Fundamentals of Organic Chemistry: Chapter 3, 6 (both editions).

*  Fundamentals of Organic Chemistry: Section 7.5-7.8, 10.6 (4™ Ed.) or
section 7.4-7.6, 10.5 (5™ Ed.).

Discussion of Esterification

Class discussion about the material covered in the previous Expert session.
Following the Expert Session are the students able to interpret reaction
mechanisms?

Use the mechanism to determine the eventual fate of the oxygen atom from the
alcohol. Discuss retrosynthetic analysis; how would we create a scented coating for
the drug?

As a class determine a possible reaction pathway for the synthesis of a compound
given some known functional group transformations.

Further Reaction Mechanisms

Further discussion of relevant reaction mechanisms.
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Facilitation Session 04

Pre Session Preparation

* Re-read laboratory notes for LS01 and LS02.
* Research separation and purification techniques.

* http://orgchem.colorado.edu/hndbksupport/cryst/cryst.html

Laboratory session feedback

Discussion of the “Preparation of methyl pentanoate” and “Recrystallisation of
Benzoic Acid” experiments. How did the students do and what did they find out?

Methods of Separation and Purification

As a class make a list of the various separation and purification techniques used
and/or encountered so far in the module.
* What techniques are used in industry?

* What is the physical basis for each method?

*  Why is purification so important in chemistry?
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Facilitation Session 05

Pre Session Preparation

* Re-read notes from ES02.
«  Biochemistry, 6™ Ed.: chapter 35.
* Anintroduction to Medicinal Chemistry: Part B, chapters 9-12.

Discussion of Scaling up Chemical Processes

Class discussion about the material covered in the previous Expert session.

Following the preliminary discussion of FS 04 and ES02 discuss the following:

* How would you scale up the experiments you have conducted with methyl
pentanoate (LS01) and Benzoic acid (LS02)?

Stages of Commercialisation

We will consider how the stages of commercialisation undergone in conventional
medicine safeguard us against ineffectual and dangerous medicines making it onto
the market.

Have a look at the ‘stages of commercialisation’ from yesterday’s Expert Session.
Consider that you are an alternative therapist, wanting to introduce sound therapy,
whereby you make sounds of different frequencies in crystal bowls, and these
sounds are supposed to resonate the healing points inside your body to make you
well. Use this premise to write a mock ‘stages of commercialisation’ for your
alternative therapy, detailing how you are going to make money from your therapy.
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Facilitation Session 06

Pre Session Preparation

* Basic Guide to SciFinder Scholar (Supplementary Material).

Papers:

*  Origins, Current Status, and Future Challenges of Green Chemistry. Acc.
Chem. Res., 35, 686-694

* Promoting sustainability through green chemistry — Resources,
Conservation and Recycling., 44, 237-243

*  Green Chemistry: Science and Politics of Change. Science., 297, 807-810

* Industry, Clinical Trails, and the Cost of Cancer Drugs: An Investor’'s

Perspective. Journal of Clinical Oncology., 25, no. 19, e21-e23

A brief structured view of green chemistry issues. Royal Society of
Chemistry., G10-G12
Green Chemistry: today (and tomorrow). Green Chem., 8, 17-21

SciFinder Scholar

The number of licenses available at any one time for SciFinder Scholar is limited.
Therefore the facilitator will guide you through the Supplementary Material contained
in this document whilst providing a real-time ‘walk through’ of the key features of this
application on the SMARTboard.

You will then be expected to try this application out yourselves in groups. Both
sessions 6 and 7 have been scheduled for this to give you ample time, whilst a
facilitator is available, to explore this application.

Other methods of locating materials

Whilst waiting for a SciFinder license to become available you should investigate the
following sources of information:
* Google scholar,

*  Web of knowledge,
* Spectral Data Base System (SDBS) for organic compounds.
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Continue work on Deliverables

Whilst waiting for a SciFinder license to become available you should continue to
work on your Deliverables.

Green Chemistry

A discussion of the Green Chemistry within your group.
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Facilitation Session 07

Pre Session Preparation

* Basic Guide to SciFinder Scholar (Supplementary Material).

Papers:
*  Origins, Current Status, and Future Challenges of Green Chemistry. Acc.

Chem. Res., 35, 686-694
* Promoting sustainability through green chemistry — Resources,
Conservation and Recycling., 44, 237-243
*  Green Chemistry: Science and Politics of Change. Science., 297, 807-810
* Industry, Clinical Trails, and the Cost of Cancer Drugs: An Investor’s

Perspective. Journal of Clinical Oncology., 25, no. 19, e21-e23

A brief structured view of green chemistry issues. Royal Society of
Chemistry., G10-G12
Green Chemistry: today (and tomorrow). Green Chem., 8, 17-21

SciFinder Scholar

The number of licenses available at any one time for SciFinder Scholar is limited.
Therefore the facilitator will guide you through the Supplementary Material contained
in this document whilst providing a real-time ‘walk through’ of the key features of this
application on the SMARTboard.

You will then be expected to try this application out yourselves in groups. Both
sessions 6 and 7 have been scheduled for this to give you ample time, whilst a
facilitator is available, to explore this application.

Other methods of locating materials

Whilst waiting for a SciFinder license to become available you should investigate the
following sources of information:
* Google scholar,

*  Web of knowledge,

* Spectral Data Base System (SDBS) for organic compounds.

Continue work on Deliverables

Whilst waiting for a SciFinder license to become available you should continue to
work on your Deliverables.
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Green Chemistry

A discussion of the Green Chemistry within your group.
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Facilitation Session 08

Pre Session Preparation

* Biochemistry: chapter 8.

e http://www.whfreeman.com/stryer4/

Enzyme Inhibition

Students should come to the session prepared to discuss the factors affecting
enzyme function and the three ways in which enzymes can be inhibited.

Lock and Key Mechanism

Students should draw a ‘comic strip’ (i.e. a simple sequence of pictures) showing the
lock and key model of enzyme function. Make sure each picture has a caption
explaining what is happening.
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Facilitation Session 09

Pre Session Preparation

* Read the laboratory script for Enzyme Kinematics.
* Biochemistry: chapter 8.

e http://www.whfreeman.com/stryer4/

Enzyme Kinematics

Read the script associated with the Enzyme Kinematics experiment. Use this session
to construct a plan for this laboratory session.
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Facilitation Session 10
Pre Session Preparation

Background reading.

Discussion of Enzyme Kinematics and Dynamics

Class discussion about the material covered in the previous Expert session.
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Facilitation Session 11
Pre Session Preparation

Background reading.

Brainstorming Exercise

Knowing what you now know about enzymes as a class conduct a brainstorming

exercise about how you think inhibitors might be found. Discuss methods of finding
inhibitors.
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Facilitation Session 12

Pre Session Preparation

Review course material so far.

Assessing purity

Class discussion on the various techniques that you have come across so far in the

course of your studies for assessing purity (rather than purifying) and determining
aspects of structure. What do these techniques tell us?
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Facilitation Session 13

Pre Session Preparation

* Re-read notes from ES04.
*  http://www.cis.rit.edu/htbooks/nmr/inside.htm

*  http://vam.anest.ufl.edu/forensic/nmr.html

Discussion of the physical principles behind NMR

Class discussion of the material covered in the previous Expert session.

Introduction to Patent Laws

In your group generate a series of questions for the Expert Session on Patent Law.
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Facilitation Session 14

Pre Session Preparation

* Re-read notes from ES05.
* Fundamentals of Organic Chemistry: chapter 13.
* http://spectraschool.org

*  Spectroscopic methods in organic chemistry, 5" Ed.

Discussion of Patent Law

Class discussion of the material covered in the previous Expert session.

NMR spectra

Download the IR and MS for the inhibitor being studied from SDBS.
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Facilitation Session 15

Pre Session Preparation

* Re-read notes from ES06.
* Fundamentals of Organic Chemistry: chapter 13.

* http://spectraschool.org

Discussion of assigning NMR spectra

Class discussion of the material covered in the previous Expert session.
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Deliverables

Please name your deliverables in accordance with the standard naming convention
(see the handbook for details). A sample filename is provided for you to cut and
paste - please complete with submission date and username/group letter as
appropriate.

All deliverables to be submitted to the subject centre.

Please note that although deliverable deadlines (except for CLEs) are at the end of
the module, you are strongly urged not to leave all work on the deliverables until the
final weekend! In particular, if you would like formative feedback on your works-in-
progress from your facilitator and/or experts, please provide them with draft copies in
good time.

DELIVERABLES | TYPE | FILENAME DUE WEIGHTING

CLEO1: I PA1012_1_CLEO1_user | Week 2,
name_date.pdf Day 1

CLEO2: I PA1012_1_CLEO2_user | Week 3,
name_date.pdf Day 1 30%

CLEO03: I PA1012_1_CLEO3_user | Week 4,
name_date.pdf Day 1

CLEO4: I PA1012_|_CLEO4_user | Week 5,
name_date.pdf Day 1

DO01: Report G PA2013_G_DO01_Repor | Week 5, 50%
t groupletter date.pdf Day 1

D02: Funding I PA2013_1_DO02_Fundin | Week 5, 10%

Proposal gProposal_groupletter_ | Day 1
date.pdf

D03: Funding Week 5, 10%

Proposal Day 2

Interview
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Core Learning Exercise 01

1. Define the term ‘catalyst’. [2]
2. Explain how a catalyst alters the rate of a chemical reaction, using an energy
profile diagram as part of your answer. [3]
3. Complete the following table: [9]
Scent Alcohol Alcohol Carboxyli Carboxylic Ester Ester
name structure c acid acid name structure
name structure
Nail polish Ethanol Ethanoic Ethyl CH5C(0)O-
remover acid ethano CH,CHj;
-ate
Pine- Butanol Butanoic Butyl
apple acid butan-
oate
Pear CH3CH3- CH;CH2C(  Propyl CH3C(O)O-
CHon O)OH ethan- (CH2)2CH3
oate
Flowers CH3OH CH3(CH2)3C CH3(CH2)3C
-(O)OH (O)OCHg3;
Jasmine Benzyl  Ph*CH.- Benzyl
alcohol OH ethan-
oate
Pepper- Methyl
mint ethan-
oate

*Ph = a benzene ring.

4. Identify the limiting reagent and then use this to determine the theoretical mass
and the percentage yield of the following esterification reaction.

In the synthesis of ethyl ethanoate, 21.00 g of ethanoic acid and 63.00 g of ethanol
were used. To this was added a catalytic amount of concentrated sulphuric acid. The
final product was obtained as a clear liquid with mass 24.85 g.

5. In a reaction mechanism, what does the ‘curly arrow’ represent? [2]

6. (a) Give the reaction mechanism for the synthesis of ethyl ethanoate, stating any
other reagents/conditions required. (You may wish to use the programme

‘chemdraw’ for this but it is not compulsory) [5]
(b) Explain how sulphuric acid acts as a catalyst in this case. [2]
(c) What is the fate of the oxygen atom from the hydroxyl group of the ethanoic
acid? [2]

(d) On your reaction mechanism, clearly label two reaction intermediates.

[2]

7. In the following single step reaction, the chloro leaving group leaves at the same
time as the hydroxy group enters from the opposite side of the molecule.
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H
N
HO:'/\:\‘C_CI , — HO—C,
\ %,
n l //H
H H
+ClI-

(a) Draw the transition state for the reaction in the square brackets provided.
[2]
(b) Draw an energy profile diagram for the reaction, labelling the transition state.
[2]
(c) Describe the difference between a transition state and a reaction intermediate.

[2]

8. Compound X is slightly soluble in water, but more soluble in the organic solvent
isopropanol. Describe how you would extract it from an aqueous solution into a
solution of isopropanol, naming any equipment you would use. [5]

9. Describe the purpose of:
(a) A reflux (2]
(b) A distillation [2]

10. It is known that primary alcohols can be converted into carboxylic acids by
refluxing with acidified dichromate. Describe how you might produce ethyl ethanoate
using ethanol as your only organic reagent. [2]
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Core Learning Exercise 02

1. Your fifteen year old cousin wants you to help her win her school’s ‘Best Crystals’
competition, in which students are required to use only copper sulphate, water and
general laboratory apparatus.

(a) Describe what you would tell her to do in order to obtain the best possible

crystals, giving reasons why the method should work. [5]
(b) Describe the properties of a good solvent for recrystallisation. [2]
(c) If there were no suitable single solvent for recrystallisation, explain how you might
go about finding a good two-solvent system. [3]

2. All types of chromatography, whether column chromatography, thin-layer
chromatography, high performance liquid chromatography or gas chromatography,
rely on separation of the compounds occurring. On the basis of which physical
properties does this separation occur? [4]

3. Solutions of two forms of the same compound labelled (L) and (D) get placed in
unlabelled flasks.

(a) Describe how the labels (L) and (D) relate to the rotation of plane polarised light in
the molecule glyceraldehyde. [2]
(b) Describe how you would assign a molecule as (L) or (D) giving an example.

[2]

4. Describe the problems that you might encounter if you were to scale-up an
undergraduate laboratory based esterification reaction to an industrial scale.

[8]

5. Put the following stages of commercialisation of a drug molecule into the correct
order, writing a sentence describing each. [14]
* small scale ‘academic’ testing

* feasibility studies

* synthesis in academic lab

* industry synthesis to confirm properties
* Full-scale production

* production for safety testing

¢ pilot plant

6. Aspartame, a compound widely used as an artificial sweetener, is reputed to have
been discovered when a researcher working on an unrelated subject, accidentally
tasted a small amount of substance.

(a) Whilst aspartame is not a ‘drug’ as such, this story broadly fits into which of the
three main routes to drug discovery? [2]

(b) Give an example of another method of drug discovery. [4]

7. Describe the advantages of ‘double blind’ testing of the efficiency of new drugs.

[4]
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Core Learning Exercise 03

1. Haemoglobin is an important biological transporter of oxygen. It is a protein
consisting of four subunits, which alters its conformation slightly depending on the
partial pressure of oxygen, and in so doing, allows the reversible bonding of oxygen
to it. By reference to the molecule haemoglobin, describe the primary, secondary,
tertiary and quaternary structure of proteins. [4]

2. Enzymes are organic catalysts. Define the term ‘catalyst’ and state what properties
a catalyst must have. [2]

3. Why must a cell have thousands of different kinds of enzymes? [2]

4. PKU or phenylketonuria is a disease tested for in almost all babies in the UK.
Explain the cause of the disease at the enzymatic level, and explain why it is so
important to catch this disease early on. [4]

5. Whilst enzymes generally have only a small temperature range within which they
operate productively, they can be stored quite readily at low temperatures for later
use. However, if enzymes are heated and then later cooled, they are denatured and
no longer work. Explain why this is so at the molecular level. [4]

6. Enzymes usually have a very specific pH range within which they work optimally.
Explain what happens at the molecular level which alters their function outside of this
optimal range. [4]

7. The transition state of a reaction is the point at which the molecule is halfway
between its shape as a reactant and its shape as a product. Explain why it is
necessary for enzymes to have a high affinity for the transition state, rather than for
the reactant or the product. [4]

8. What is an enzyme cofactor? Give an example. [4]

9. Two variables which can give us a lot of information about enzymes are the
Michaelis Constant, KM, and the maximal velocity, Vmax.

(a) Give a description of each variable in words. [4]
(b) Give a mathematical definition of each, defining all terms. [4]
(c) A Lineweaver-Burke double reciprocal plot can be used to find these values.
Explain how you would go about achieving this. [4]

10. There are three modes of inhibition of enzymes.

(a) Describe each of these, using diagrams where appropriate. [6]
(b) Explain how you would use KM and Vmax to distinguish between the two forms of
reversible inhibition. [4]
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Core Learning Exercise 04

1. Outline the type of information that can be obtained from the following
techniques:

(a) Microanalysis [2]
(b) Infrared Spectroscopy [2]
(c) Mass spectrometry [2]
(d) "H NMR Spectroscopy 2]
(e) Melting point analysis [2]

2. Below are the microanalysis results of a compound showing a parent
ion peak in its mass spectrum at 122.

Microanalysis;
Element Composition

C 68.8 %

H 5.0 %

0 26.2 %
(a) Give the empirical formula of the compound. [3]
(b) Give the molecular formula, stating your reason. [2]
(c) Give a possible structure for the compound. [2]

3. Given below is the H' NMR spectrum of an ester product synthesised from ethanol
and ethanoic acid. By drawing the structure of the compound and labelling it
appropriately, assign the peaks on the spectrum to your compound, stating the
reasons for your assignments. [6]
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HSP-03-534 ppm

Assign. Shift (ppm)

A 4.119
B 2.038
C 1.260

4. Shown below is the structure of caffeine with its infrared spectrum taken as a nujol
mull. Using the appendix from your first organic synthesis lab (or other sources):

(a) Assign the bands that have come from the nujol [2]
(b) Give possible assignments for at least three other bands in the infrared spectrum.

[3]
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S0BS-NO= 18898

CAFFEINE
\N
HIT-NO=1057 |SCORE= ( 1|50BS-N0=1638 | IR-NIDA-60985 : NUJOL HULL
CAFFEINE
CHiaNs0s
LoD
5
Esn—
o T T T T T T T
4000 3000 2000 1500 1000 500
HAVENUHBER! 11
3110 64 | 1649 31 | 1286 63 | 927 8l | 638 B6 Hs
2054 11 | 1457 21 | 1240 36 | &3 77 | &l0 57 o
2925 4 | 1431 37 | 1215 80 | 861 74 | 45z 49 HC N
2864 14 | 1404 56 | 1189 62 | 769 BD ﬁ]
1699 10 | 1378 48 | 1072 77 | 746 23 ’J\ .
1859 10 | 1360 43 | 1026 57 | 700 &4 i
1699 49 | 1326 6B | 974 63 | 646 sS4 CHa

5. Below are some spectra from a small organic molecule. Use the information
provided to ascertain the structure of the molecule, assigning all the spectra as fully

as possible, and explaining all of the data. [15]
Composition: C 52.17 %

H 13.04 %

0] 34.78 %
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'H NMR spectrum:

11 10 9 3 7 & o) 4 3 2 1 0]
HSP-01-876 ppm
Hz prm Int.
341.25 3.811 109
334.00 3.730 427
327.00 3.652 469
320.19 3.576 132
233.44 2.607 199
232.69 2.599 168
116.63 1.303 430
115.13 1.286 23
109.75 1.226 1000
108.06 1.207 36
107.38 1.199 25
102.63 1.146 376

Interdisciplinary Science 2008-9 PA2013 42/73



fransmittance | %

IR Spectra
1000
M SN’
\ ) '
80.07 o M
\, .- \ il
| ' 'l
I‘ | L
l | l | | I to
' |
| l | |
,' N |
| . | |
7007 | i { |
] |
| | | 1
| I
I |
60.0 ’ I
‘ |
|
50,01 ’\ )H |
|
i |
w00 |
|
E
30071 =
l
| |
|
| |
20,07 ¢
100 T T T T T
4000 3500 3000 2500 2000 1500 1000 500
wavenumber / em-!
Interdisciplinary Science 2008-9 PA2013

43/73



relative abundance / % Mass Spectra
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6. (a) What is intellectual property? [2]
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(b) Name 4 different types of intellectual property. [1]

7. What are the criteria for determining whether a patent can be granted for an
invention? [4]
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Deliverable 01: Report

As a group you should write a report responding to Simon MacIntyre’s memo (given

in the Problem Statement) at an appropriate scientific level. The report should be
~4000 words.
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Deliverable 02: Funding Proposal

As part of your academic career you want to develop the process described in

deliverable 01 further. As such you must convince an appropriate University funding
body to support your research.

Individually write a funding proposal to be submitted to the University funding body;
this should be approximately 2 sides of A4 (~500-1000 words).
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Deliverable 03: Funding Proposal Interview

As part of your academic career you want to develop the process described in
deliverable 01 further. As such you must convince an appropriate University funding
body to support your research.

You will be interviewed on the scientific content of the proposal you submit. The

interview will last ~10 minutes; you will not need to prepare additional materials or
slides for this deliverable.
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Supplementary Material
Basic Guide to SciFinder Scholar

What is SciFinder Scholar?

A desktop software package available in CFS allowing staff and students to search
databases produced by the Chemical Abstracts Service and the National Library of
Medicine.

You may need to try several attempts to log into SciFinder Scholar, as the University
of Leicester only have a two user concurrent licence.

Once logged in you will need to click ‘accept’ on the SciFinder Scholar licence
agreement each time you use the database.

% Scifinder Scholar

SciFinder Scholar™ 2006
Part of the process™

SClFlnde X COnne\ctmg to CAS...

SCHOLARS®
l

Copyright @ 2005 smerican Chermical Society. Al Rights
Scifder Scholar and the Scifinder Scholar Iaao are trade
registered rademarks of he Amencan Chemical Sodety.

Interdisciplinary Science 2008-9 PA2013 49/73



inder S lar ense Agreement

By clicking the Accept button belows, | hereby agree to all the terms and conditions set -
forth in this license agreement.

1) 1 am a current faculty or administrative staff member, or officially registered student of
the University .

22 1 will use SciFinder Scholar only for my own academic research done in the course of
pursuing my degree, or in instructing my studernts, or, in the course of my own research
funded by the government or & non-profit foundation and intended for publication in the
publicly available literature.

3) 1 will NOT use SciFinder Scholar for commercial research, for example, research that [:
i= done under a funding or consultant comtract where the results are delivered to a
for-profit organization, or for research that involves patentability searching. If | require
SciFinder for commercial purposes | will have the search done using a commercial
account by corntacting the librarian responsible for chemistry searches on campus, by
contacting CAS and having them perform a search for me, or by acquiring and using the
commercial SciFinder product .

4) | will use my search results in the ordinary course of academic research and

acknowvledge that | may store search results in electronic form for the duration of research
projects, provided that at any one time, | store no more than 5,000 records. | may share
search results in a limited, reasonable way with other University students or faculty

working on the same project. | will delete stored records when | no longer need them for

the relevant research project, or after the completion of my degree program, whichever
occurs first. If | need to use search results beyvond what is described here, | will contact

my University Key Contact to discuss and to obtain CAS permission. | ACKNOWLEDGE

THAT | 20 NOT PERMITTED TO DISTRIBUTE &ANY CAS DATA OR SCIFINDER SCHOLAR,

-~
A AR AS I A 0 IR D T LEEA R ATE i ITEINE TLIE | IR S CIT LS i T TLIS __.J

I Decline I Accept l

Main Menu

File Edt Wiew Task Tools Help
i — | = w !
| = . -4"1" | =] |
|

Full Tert | Prefs ‘Dmban History lmrn«t’ Halp Exit

NawTask Back Forward Print Save o5

Select One:

0 Explore
Search for scientific information.
Locate
Find a specific reference or substance.

Browvse

Scan tables of contents of my favorite journals.

Cancel |

Click on ‘explore’, ‘locate’ or ‘browse’ to search.

Toolbar
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The toolbar allows you to navigate around the site, and to print or save information.
It also allows you to refine your searches, or access the internet:

File Edit Yiew Task Tools Help

Ee-mINEE00ed,

NewTask Back Forward Print Save As | Full Text Prefs Database History Imernet Help Exit

New Task: Return to the main menu. Begin a new search Load “Explore” menu.
Back: Move backwards in current search history.
Forward: Move forwards in current search history.

Print: Prints the displayed window according to setup in Print setup some
configuration options available Compact = Titles only Standard= Compact plus
bibliography Summary= Standard plus abstract & patent family (where available)
Full=Summary plus indexing, controlled terms & citations (CA only).

Save As: Answer sets can be saved in several formats
* Rich Text Format ( .rtf,) (NB can only save reactions as RTF) Plain ASCII (
ixt)
* Quoted format (.txt) (Use for import into Access, Excel, Lotus)
* Tagged format (.txt) (Use for import into Endnote, ProCite, RefMan)

* Answer keys (.txt)
Full Text: Access full text of documents via ChemPort (where available)
Database: Select databases to be searched. Can only be changed at the start of a

task. Default setting searches all databases at once i.e.: CAPLUS, REGISTRY,
CASREACT, MEDLINE.

History: Details of all actions performed in current session.

Internet: Launches web browser. Connects to ACS Chem Centre, ACS Publications
Chemical Abstracts Service, Scifinder Scholar Web site.

Explore menu

Take the case that we want to find out about any articles published concerning
pesticide residues in milk. We don’t know the names of any potential researchers,
nor any details about the relevant structures.

Click on ‘new task’ on the tool bar, and then the most appropriate of the three
choices is ‘Explore’. Click on it, and the following menu will appear:
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* Explore @@@

Select One:
Explore Literature Explore Substances
j—?E Research Topic :X~;j Chemical Structure
' Author Name 'gg‘. Molecular Formula

&z'e Compony Name / Organization

Explore Reactions

GG Fescton St

Cancel

Have a look at all the choices on offer. Clearly again, as we do not know structure or
author details, the most appropriate choice of those on offer is ‘Research Topic’.

Tasks:

Explore Research Topic: How to search by subject...

1. Select Research Topic from the ‘Explore’ menu.
Enter the phrase as you would normally complete the sentence,” | am
interested in...” in addition to this type ‘and review’ at the end of the
sentence, as review papers normally give good summaries of your
research topic of interest.

3. Synonyms are automatically searched e.g. enter cancer, SFS searches
cancer, neoplasm, carcinoma etc.

4. American and British Spellings automatically mapped & searched

5. Not case sensitive

6. The phrase can be any length (the dialogue box scrolls on)

Copy the following example:

= Explore by Research Topic @

Describe your topic using a phrase.

| am interested in:

pesticide residues in milk

Examples:
The effect of antibictic residues on dairy products
Photocyanation of aromatic compounds
drocarbon-water emulsions as fuels

Filters » |

OK Cancel

Filters limit search by: author, year, company name, language, document type.
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To cancel the search click on stop.
While the Scifinder is searching the following will appear at the bottom of the

screen:

To cancel the search click on stop

v

et References Hack |

Searching (CAPLUS MEDLINE). .. Q 7o) | / [

Databases being searched

Displaying Results:

A list of relevance ranked candidates containing the concepts in your chosen search
will be presented as follows:

PN~

No o

8.

Phrase as entered (exact order)

Closely associated (all concepts identified in same sentence)

Anywhere in record (same record)

Combinations of concepts (More than one per record — where you have
searched for three or more)

Single concepts in records

The number of references is given for all candidates

To view records: Select the appropriate boxes: First 10,000 can be viewed,
printed or saved.

Complete set may be analysed.

Tick the top 2 boxes of the options listed.
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BT o)

Fle &4t Tast Tock weh

Sefect she 4andidate s of meareats

105 rs'arancas wans uns cantsniny “pesticide residuas in mik™ =5 ]
srtarsd

B35 rawmn o word uns conlaning the v Corcacls "R oslicide reeiduce”™
snd "milk™ cosely SEo0C Sled il h orl G nothe 1.

1457 retererces were urd whers the twe cancepts “pesticide residues’
=nd “malk™ vaz 12 present anywrere in the refarac e

19457 refarzncas wers found containiy the corcet “pestic do residues”.
19790 references were Fund contanng “he conesp "milk®

=N 0

Cel Reloene Eech I

CHNENRS 1-5078 \

A7

| Get Referencesl
Click on
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= Scifinder Scholar - |

fe tm Yew [ah
1. References in default format &
E : ‘—»u et S N L‘ ‘ 0 ﬂ order

.1 Standard format

7 Swrendea Nath, 8, Usha, M. A, Usnsksshnan, Saw Unmisrishean_ oiine b | N
pasticide tesiduss In milk fom south lndia.  ledas Jounal of Oary Scence - cession # order
E5(8), 247.249 CODEN UDSA ISSNONSEIE. AN 0051290620 CAPLUS __J

™ P, C Dakatarca, £ Scvanch L. Vess, £ Milk, 1esidues and comaminans, h]
Scienza # Teceica Lumers Caseasa (X08), 554), 273290 CODEN: SLCANF - To change defaults select Prefs from
ISSNOE0EM6]. AN 2051261438 CAPLUS sl the toolbar

k|

™ Mai, Weaquan, Li, Owas; Nai, Zhe. D ination of mult cesidues of
arganophesphos pesticides in milk by double capillary gas chiomatography. -~
Shupin Yu F Gangye (X005, 310, 114156 COOEN SPYYDO 1SS D64 ] H H
rmpm i b - -~ 3. Search terms are highlighted
I Sawens, Gasgl Agrawal, Musta, Bavath, Argu, Bhatnagar, Pradesp  Pesticide residues |
Ins the milk of Jaipur Clry.  Joumal of Ecophysology & Oocupatonal Heath (2005), — 4 Tltles in bOld
S &2, 7779 CODEN JECOAG ISENOSTIAXT. AN XI06 116008  CAPLUS 19 .
l
[

I Snaema, Vasdans, Wadbes B ¥, Stan, M 2 Multiresidue analysis of pesticides in
Infant faads and weaning foeds.  Intian Joumal of Dawy Science 2005), SAD) -
182078, CODEN UDSA) ISSNOOMSATAE AN 2006 1135450 CAPLUS L] |

5. Click on = QI to view details of
I~ Lemes, Ve R & Kessuod, Teseza A Rochs, Senva O B Menhtering of pasticide .
residues in milk ¢ d by tha population of the Sate of Saa Paule, Brazil. 2000 !‘J, reference (abstracts, index hypertext
and 2002,  Revats do nsttute Adollo Letz (004), B31), 24.30 CODEN FRALAS fhi] link
ISSHODTSE005 AN 005 1024887 CAPLUS inks)
I~ Pahada, Susesh, Shama, Vandana, Shama, Vivek, Wadhea, B ¥ Evelintion of l
multiresidue analysis of pesticides in hky and famy faads - A jeview. Indan —

Josmal of Dary Scesce (X005), 530, 7579 CODEN LOSA ISSNONOEIE. AN

':smaufnm 2»? S | 6. Click on g‘to find document

™ Kemar, A Day - 3 ras 5 arsistem . )

arganechlatine pestichls tesidues in milk and bumas in Agea City, Indiz Acase -~ details or full text (where available)
study,  Bullstin of Essironmental Contamisaton sad Yoxicology (2008), 75(1), 176179
CODEN BECTAS ISSNONOT.406). AN 05811923  CAPLUS

7™ Nakat, Musivico, Newamurs, Tomeywks, Seavke, Kets, Oka, Tomake, Okamers, Kusites, hg
Sug.-ln Noso, Satoh, Yoshinos, Ohda, Takashy Kameo, Satomy Satoh, Mrosh —

pesticids residues in buman breast milk and placenta in Tohaku,

an. Oeganchalogen Compounds (004), B&{Dwon XI08), 2657.2642 CODEN
ORCOEP 1SSN 10064892 AN 005701430 CAPLUS

[~ Goszalez-fodnguez, M J; Amebols Lebanas, P J; Gamde Fromich, A Martisez Vidal, h!

A\ Saackar lenar § | Datarmination of sesticidas and cima matshalites bn "

O] momtkam|  wosers|  catem | o |

Retererces 11081 017

Back
To modify the search click on —I you will then return to the original
screen.

= Explore by Research Topic

Describe your topic using a phrase.

lam interested n:

pestcide residues inmilk

Examples:
The effect of antibictic resicics on dary products
Protccyanation of sromatiz compounds
drocarbon-wader enulsions s fusle

Filters » l
| Ok I Cancel

Take the case that you found a paper that was really interesting, and you want to
know what other papers that same author has published.

Click on ‘New Task’ on the toolbar. Then click ‘Explore’ again.

This time, click on ‘Author Name’.
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Explore author name

Enter as much of the author’'s name as you know:
Scifinder will search for:

 Exact name as entered

¢ Common variants of the name
»  Similar sounding last names

. Nicknames

Follow this example:

= Explore by Author Name @

Enter the author's name.

Last name (required):
Irainel

First name or initial:

|derek

Middle name or initial:

|

|v Look for atternative spellings of the last name.

OK Cancel |

An author candidate list appears
* Includes all variants of the search term entered
»  The original name entered is highlighted in blue
*  Numbers of references for each author-candidate are given
»  Select variants and click on get references to view records
+  Select back to modify search
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= Author Candidates

File Edt Task Tools Help

Select Candidates of interest:

EBX]

RAINE DEREK
RAINE DEREK J
RAN D

RAND G
RANE D
RANE D A
RANE D F
RANE D M
RANED 5
RANI

RANI D

LA A Ui WA

references LI

references
references
references
references
references
references
references
references
references

references |

|

Back |

Candidates 11-21 of 78

BN

2. Titles in bold
3. Click on to 2L view details

= |

|A'|

4. Click on_—_ for full text

Search terms are highlighted in blue
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= SciFinder Scholar

(9
@
X

File Edit WYiew Task Tools Help
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[ Hunding, Axel, Kepes, Francois; Lancet, Doron; Minsky, Abraham; Morris, Vic; Raine,
Derek; Sriram, K.; Root-Bernstein, Robert. Compositional complementarity and
prebiotic ecology in the origin of life. BioEssays (2006), 28{4), 399-412. CODEN:
BIOEEJ ISSN:0265-9247. CAN 145:204515 AN 2006:405819 CAPLUS
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ISSN:1512-0856. CAN 142:426468 AN 2004:1053615 CAPLUS
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No pp. given. CAN 141:428753 AN 2004:751321 CAPLUS

(2001),
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(2003), 326(5), 459-466. CODEN: CRBOCM ISSN:1631-0691. CAN 140:299800 AN
2003:498698 CAPLUS
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bacteria. Biochimie (2002), 84(4), 341-347. CODEN: BICMBE |SSN:0300-9084.
CAN 137:307148 AN 2002:510325 CAPLUS

[~ Raine, Derek. Quasars in a new light. New Scientist (1980), 85(1199), 937-9.
CODEN: NWSCAL |ISSN:0028-6664. CAN 92:188345 AN 1980:188345 CAPLUS

[~ Norris Vic; Raine Derek On the utility of scale-free networks. BioEssays : news and
reviews in molecular, cellular and developmental biology (2008), 28(5), 563-4. Journal
code: 8510851, ISSN:0265-9247. PubMed ID 16615092 AN 2006227307 MEDLINE

[~ Hunding Axel; Kepes Francois; Lancet Doron; Minsky Abraham; Morris Vic; Raine Derek;
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developmental biology (2006), 28(4), 399-412. Journal code: 8510851. ISSN:0265-9247.
PubMed ID 16547956 AN 2006173010 MEDLINE
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autocatalytic networks with artificial microbiology. Comptes rendus biologies
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Lois; Loutellier Corinne; Michel Olivier; Molina Franck; Monnier Chantal; Natowicz Rene;
Norris Vic; Orange Nicole; Pollard Helene; Raine Derek; Ripoll Camille; Rouviere-Y aniv

e [

b [l [

[

[

o)

I |

&
EI

&
2
N

=
b
@I
&
EI

&

[:

&
EI

[~

Remove Duplicates Analyze/Refine Get Related... Back

N ¢, ripoll Gamifle; Rouviere Vs

Try getting the bibliographic information for Dr. Raines ‘It’s about time’ article by
clicking on the microscope next to it.
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= Detail of Reference 2
File Edit Help

Bibliographic Information _.J

It's About Time: Understanding Einstein's Relativity by N. David Mermin.  Raine, Derek.
Department of Physics and Astronomy, University of Leicester, Leicester, UK. Nature {London,
United Kingdom) (2005), 437(7063), 1237. Publisher: Nature Publishing Group, CODEN:
NATUAS ISSN: 0028-0836. Journal; Book Review written in English. AN 2005:1148804
CAPLUS

Get Related... Close

Search by a chemical substance or reaction

Search by:

* Chemical structure (Uses internal drawing package)
* Reaction Structure

e Molecular formula

Click on ‘New Task’, select ‘Explore’ and click on ‘Molecular Formula’.
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= Explore Q@@

Select One:
Explore Literature Explore Substances
SR A
—E-  Research Topic Lj Chemical Structure
S H o
' Author N N8 | oieculer Form
or Mame CoH, olecular Formula
Qii Company Name f Organization
ey

Explore Reactions

(&)k\j Reaction Structure
[

Cancel

Molecular formula

Molecular Formulas may used to find:
*  CAS Registry Numbers
*  Chemical Names
*  Commercial Sources for Chemicals
* Regulatory Compliance Data
* References

Enter molecular formulas with atoms arranged in any order: Scifinder rearranges the
molecular formula you entered: Atoms are rearranged in Hill System order.

Hill System Order: C Carbon first (if present), H Hydrogen next (if present) Then all
other elements in alphabetical order. Not the preferred method searching, however,
because many compounds have the same molecular formula when expressed in this
way (Because atoms are summed).

Enter the following example then click ‘OK’;

Explore by Molecular Formula 10| x|

Enter the molecular formula of the substance.

|c21 H23 N 05

Examples:
H4Si04
H4045i
H4 Si 04

Q Cancel |

Searching in this way, you will then be given a choice of structures, from which you
can choose the one you are interested in. You can then either get more details about
it, by clicking on the microscope, or search for any references relating to it, by
clicking on the book icon as before.

Interdisciplinary Science 2008-9 PA2013 60/73



Chemical structure search

Click on ‘New Task’, then ‘Explore’ then ‘Chemical Substance’

This allows you to search by drawing chemical structures — structure candidates
include:

*  Exact structure (as drawn)

+  Stereoisomers

* Tautomers

*  Co-ordination Compounds

* Radicals of radical ions

* Isotopes

*  Polymers
Structures may be:

*  Drawn via the Structure Drawing Menu

* Imported from other drawing packages

+ Cut and pasted from substance records in the Registry file

Substance Record from Registry

To cut and paste structures from the registry (you've already done this in the
previous section)
* Highlight registry number in registry results screen from your previous
search under molecular formula
*  Ctrl C (or Edit/Copy)
*  CAS Registry Number is pasted to the clipboard

Scikinder Scholar - |El|i

Fie Edbt Yiew Task Tecls Help
SIE =] P |l#|E| @ |«

NewTazk Bock Prruard Prnt Sosefs || FulTest | Prefs Datzbaze | Hiswon Interact Help

A

‘B - o
Commercial Sources

Regulated Chemicals

Listing

~1940 References
REGISTRY

Chemical Structure Drawing Module
*  Open Chemical Structure Drawing Module
« Ctrl V (or Edit/Paste)
»  Structure is pasted from the clipboard
*  Modify structure
+  Search reactions or substances
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This allows you to search for similar substances without having to redraw them
completely every time.

Reaction structure search

Allows you to retrieve reactions by drawing a participating chemical structure or
structures, and / or one or more functional groups.

You may retrieve reactions based on the role played by the structure you have
drawn:

. Product
. Reactant
* Reagent

* Reactant or Reagent
*  Any role (present anywhere in the reaction)
*  (Functional groups only) Non-reacting

Reactions may be:
+ Drawn via the Reactions Drawing Menu
* Imported from other drawing packages i.e. chemdraw
+  Cut and pasted from substance records in the Registry file

This is all done in a similar manner to the chemical structure search section above.

Locate Literature
Bibliographic information

If you know something about the paper you want to read, i.e. you have some
bibliographic information already, but want the paper, then doing the following will
bring up the full bibliographic information.

Click on ‘New Task’ then ‘Locate’ then ‘Bibliographic Information’ to bring up the
following screen:
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= Locate by Bibliographic Information @

Specify journal or patent reference and then enter as much information as More p |
you knowy.

¢ Journal Reference

Author last name: ||

Journal name: |

|

Article title word(s). |

(" Patent Reference

ﬂ Cancel

Select journal or patent reference via radio buttons, after this, enter information fields.
Try entering ‘Raine’ again, and click ‘OK’

Document identifier

If you have a CAS number or a patent number which you want more information
about, then from ‘New Task’, choose ‘Locate’ and then ‘document identifier'. Try the
following example:
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= Locate by Document Identifier Q@@

Enter Document ldentifiers, one per line. Read from file ... |

WO 9824572 A1 |

=

| 2

A Documert ldertifier is any number used to denote a specific document.

Examples:
1983:4296
107:12935
CA97:38705
1998006572
S 5300476
JPS8-336111
FR1977-10253

OK I Cancel |

Any number used to denote a specific document can be searched.

+ Patents 3.7 million searchable 1982- 38 countries Many full text WO
9824572 A1

+ Patent application & priority numbers

*  Chemical Abstracts accession numbers (Follow printed volumes)
1998:394274

Search one ID number per line Searches can be uploaded from text files.
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[T Richards, Cheryl, Baker, Phillip Wilmoit, Peck, Stephen Ronald. Lubricant oil with A—I
oxidation inhibitor for mold lubrication in casting of reactive metals. FCT Int.

Appl. 11998), 12 pp. CODEN: PIKXD2 WO 90824572 A1 19980611 CAN 129:43974
AN 1996:394274 CAPLUS

3

0 Remove Duplicates AnclyzeRefine Get Relatzd...

Rererence 1 or 1

El
Click on — for full text.
ChemPort is launched through your web browser.

Retrieving full text patents/journals via ChemPort connection.
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When you have found a journal article or patent you are interested in, you can look at
the whole article or patent as follows:

Click on ‘New Task’ and ‘Explore’, then ‘Research Topic’ and type in ‘Measuring
inter-nuclear distances, and then click ‘OK’. Tick the first box and then click ‘Get
References’. Select the article ‘Constant time method for measuring inter-nuclear
distances’

=%
Click on ' | in document lists for access to full text

ChemPort is launched through your web browser and a screen similar to the
following will appear (but with the polarimetry article).

ChemPort-

EUNNEE““" Constant-time method for measuring inter. | dist; in static powders.
Journal of Magnetic Resonance (2007), 186, (2), 327-329. Publisher: (Elsevier, ) CODEN:JMARF3 ISSN:1090-7807.

® Email Reference Here are the options for the d t you requested
Journal Llﬂ
o Journal of Magnetic Resonance | ® Check Leicester elink
Publisher
. [
o Elsevier =

o HTML from the publisher.

In order to upload the patent/journal click on ‘check Leicester eLink’ which will
give you access to all of the electronic materials that Leicester University is
subscribed to.

Interdisciplinary Science 2008-9 PA2013 65/73



A Leicester e-Link - Microsoft Internet Explorer. [®EE
Fle Edt View Favorites Tooks Help >

Qe - ©  [¥] [B] @ POserrsh Fpravnies @) (3~ L LB B

Address @) k{?sid=CAS: CAPLUISE: 10.1016fj.jmr. 2007.02. 19200 i v Beo ks
~

%« University of University Library

Leicester e-link

Leicester

Athens | Passwords | Library Home | Library Catalogue | Comment

select language v

Your article:
Author Lee, u
Title Constal thod for measuring inter-nuclear distances in static powders

Journal Title Journal of Magnetic Resonance
Volume 186 Issue 2 Date 2007 Pages: 327

ISSN: 1090-7807
more infol

[Journal of Magnetic Resonance

available in Elsevier ScienceDirect --> Gototitle --> Go to article Full Text: 2003 - 2007
Check | ings : Journal of Mag
Check for Print--> University of Leicester Library Catalogue
Request information about this author: Lee,Jae-Seung
search Leicester e-link--> University of Leicester Library Catalogue
search Leicester e-link--> Google Scholar
search Leicester e-link--> Google
search Leicester e-link--> Yahoo
search Leicester e-link--> Scirus
search Leicester e-link--> CiteSeer
search Leicester e-link--> Pubmed
search Leicester e-link--> Teoma
Request information about this article title: C til hod for ing inte e It in static p
search Leicester e-link--> Google Scholar
search Leicester e-link--> Google
search Leicester e-link--> Yahoo
search Leicester e-link--> Teoma
Other Links

--> Export Citation to Bibliographic Software (Endnote, Procite)
--> Export Citation to Refworks

(GRS Journal of Magnetic Resonance;

@ exact match to title © match start of title ® match any word in title

@ — Internet
/4 start €% T} Guide_to_scfind. ..

2 Leicester e-Link .. & scifinder.bmp - P... = SciFinder Scholar [ Adobe Photosho... &z S Microsoft Image ...~ & )

Once you have reached this web page the location of the journal can be
found, in this case it is available in the Elsevier ScienceDirect database.
(Please note that in some cases not all journals can be found electronically).
Click on ‘Go to article’ to retrieve your chosen article. (If the article appears as
an html document, simply scroll down the screen and click on pdf in order to
access the pdf version of this article).

Locate substances

If you want to find out more about a particular chemical, of which you have either the
name or number to identify it, then you can search for references about it in the
following way:

Click on ‘New Task’, then click ‘Locate’, and ‘Locate Substances’. Enter ‘heroin’ in
the box which appears.
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Explore by Substance Identifier =10] x|

Enter Substance Identifiers, one per line. Read from file ... I

heroin N

Diacetylmorphine
561-27-3
Morphinan-3 6-diol, 7 8-didehydro-4 5-epoxy-17-methyl- (5a 6a)-, diacetate

I
kil 2

A Substance ldentifier is any name or number used to denote a specific
substance.

Examples:
50-00-0
999815
Acetaminophen
1 4-dichlorobenzene

OK | k Cancel I

Search substances by:
+  CAS Registry Number
+ Chemical Name
*+  Common Name
* Trade Name
* Acronym

Also note,
*  Enter one substance per line

*  Punctuation & spaces may be used
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= SciFinder Scholar @@@

He-md ZaQ0es

NewTask | Back Fomwarnd Print Save &s  FullText  Prefs | Datadase  History  Mmternet Help Exit
"2 A | el

La

& ||561-273

~3000 References
REGISTRY

£23 | Get References Get Reactions AnalyzeRefine Back I

Substance 1 of 1

Substance ldentifier Results
» SciFinder searches the registry file and displays matching records

+  Details of the substance can be viewed via the microscope icon
+ References may be analysed or refined, and then retrieved by clicking on

| Get References I

A number of retrieval options are available for each substance by using the radio
buttons, for example

*  Get all references
*  Get references associated with your topics of interest only.

For example
*  Adverse effect
*  Analytical Study
+ Biological Study
*  Combinatorial Study
*  Crystal Structure
*  Formation
*  Miscellaneous
*  Occurrence
*  Preparation
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*  Properties

* Process

* Reactant

»  Spectral Properties
« Uses

Printing and Saving Records
Once you have a list of references you are interested in, and have selected them

=
using the tick boxes next to them, click the ‘Print’ button on the toolbar == | and the
following screen will appear:

Format:

Compact:  Titles onl

Summary v | * :

Standard:  Compact, plus
hibliography

Summary: Standard, plus
abstract (if available) and
patent family information
[V Print Task History (patent documents only)

Full: Summary, plus indexing,
supplementaryicontrolled
terms, and citations
(CAplus database only)

Print Header:

This header will be printed on your search

OK Cancel |

The print options will appear as a menu, similar to the above screen.

The print options available are;

* Compact
e Standard
e Summary
* Full

* Print header — to describe your search
Use the drop down menu under the heading format to select your print option,
fill in the print header with a description of your search and click ‘OK’. Choose
the correct printer and click ‘Print’.

Saving Records

Interdisciplinary Science 2008-9 PA2013 69/73



If you wish to save the bibliographic information you have selected, then

click on the ‘save as’ icon %%

as menu, (see below).

Save File As

2X

Save in: IC‘] My Documents Ll - £ B~
CHMDL

([C)My eBooks

)My Pictures

[)nb91

@]test.rtf

File name: |
Save as type: |Hich Text Format [*.rtf) LI Cancel I

Note: Use of s Rich Text Format [*.ritf
5 o Quoted Format [* txt
use restnctions Tagged Format [* )
ﬂ Answer Keys [*.txt)
Plain ASCII [*.txt)

Options... |

References must be saved as:
* Rich Text Format .rtf
*  Quoted Format .txt (Access, Lotus, Excel)
+ Tagged Format .txt (EndNote. ProCite, RefMan)
*  Answer Keys .txt
* Plain ASCII .txt

Finally, further help is available by clicking on | **
searching on http://www.cas.org/SCIFINDER/

in the main toolbar, this action will open the save file

icon. Or alternatively, by
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Espacenet is a freely available searchable online patent database put together by the
European Patent Office. You may wish to access this to have a look at some actual
examples of patent specifications.

Bibliographic data

The bibliographic data should contain the following:
* The date the application was filed
* The filing language
* The publication language
* The name of the applicant (company)
* The name of the inventor (person)
* The name of the agent (patent attorneys)
* The geographical area to which the patent applies
* References to cited documents
* The abstract (as for any scientific paper)
* A drawing of the structure of the drug

Description

This should tell the reader about the area of technology to which the invention
relates, and the advantages the invention offers. There should be a description of at
least one way of implementing the invention, and an explanation of its commercial
use.

You should include in the description the following:

* A statement outlining any prior patents which you wish to claim the benefit of.

* A statement about ‘prior art’ in relation to the intended use of the invention.

* A detailed description of the invention, including any background science
necessary for an understanding of the invention, and the specifics of the
science relating to this particular invention. Any kinetic data which you can
produce to support the effectiveness of the invention should be included here,
along with an explanation of the meaning of such data. (you can find this data
in problem statement 4 at the beginning of the fourth week of the module
document). Any data showing the purity of the inhibitor, fully assigned,
should also be included.

* Any tables and graphs which are relevant to this section should be included in
the ‘mosaics’ section, and referred to here.

Claims

This section normally gives a detailed legal description of all of the uses to which
your patent applies, including any variations to the structure, solution concentrations,
and modes of delivery.

Mosaics

Any relevant pictures or graphs from earlier should be included in this section.

Legal Status

Interdisciplinary Science 2008-9 PA2013 71/73



This should tell the reader at what stage of the process this patent application is
currently. It should tell the reader if the patent has been granted, or has expired.
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