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https://www.youtube.com/watch?v=U96He401wj4
https://www.youtube.com/watch?v=BVQHw3BG7r0
https://www.youtube.com/watch?v=BVQHw3BG7r0
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D2 - Aspirin and penicillin
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https://www.youtube.com/watch?v=9mcuIc5O-DE
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26. Infrared data

Characteristic ranges for infrared absorption due to stretching vibrations in organic molecules.

Bond | Organic molecules Wavenumber {cm ) Intensity
¢ | iedoalkanes 490-620 strong
C-Br | bromoalkanes 500-600 strong
c-al chieroalkanes S00-800 strong
C-F Muoroalkanes 1000~-1400 strong
c-0 alrohals. esters, ethers 1050-1410 Strong

C=C | alkenes 1620-1680 medinm-weak: multiple

bands
=0 :13:[}_::0&5. ketenes, carboxylic acids and 1700-1750 g
C=C alkynes 2100-2260 variable
0-H hydrogen bonding in carboxylic acids 2500-3000 strong. very broad
C-H alkanes. alkenes, arenes 2850-3090 strong
0-H hydrogen bonding in alcehols and phencls 3200-3500 streng. broad
N-H primary amines 3300-3500 medium, two bands
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Comparisons of the spectra reveal similarities and differences between the two
molecules. The major similarities in the spectra are:

» strong peaks from 1050 to 1410 cm™ due to C—O in alcohol/ester

» strong peaks from 1700 to 1750 cm™ due to C=0 in carboxylic acid

* both have broad peaks from 2500 to 3000 cm™ due to OH in carboxylic acid
» both have peaks from 2850 to 3090 cm™ due to C—H (overlapping the broad

~OH peak).
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Penicillin: an early antibiotic The story of peniclin
The discovery of antibiotics

H
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L=t N — CH — N §
o% “SoH S~COOH 0 o COOH
cysieine valine penicillin

One of the key features is the amide-containing, four-membered ring (called a beta-lactam ring ). The strain on
the ring means that it is broken relatively easily and therefore has a high biological activity. )

How does the beta-lactam ring work?:

« It breaks and binds to a bacterial enzyme, causing deactivation.

« This enzyme is responsible for cell wall formation.

« As the bacteria is unable to strengthen its cell wall, it bursts and dies.

H

R=—N £ CH,y
~ -
-l KCH;
€ N—
N\ COOH
] 0 E
emEyme enzyme trapped
transpeptidase (E) and deactivated

Disadvantages:

« Penicillin G (the main constituent purified from the mould) is broken down by stomach acid so had to be
injected directly into the blood. We can now adapt the side chain to remove this problem.

« Many people are allergic to it.

Antibiotic resistance: bacteria fight back
1600 +
How? : Bacterial resistance to antibiotics is caused when bacteria can
produce an enzyme (penicillinase or beta-lactamase that breaks the [
beta-lactam ring before it can deactivate the bacterial enzyme.
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As antibiotic kills only the non-resistant strains, the resistant strains
flourish.

0 p——— — e
1970 1980 1990 2000 2010 020
How can we prevent this?
« Synthesise forms of penicillin that are able to withstand these enzymes e.g. methicillin and oxacillin. They still
contain the beta-lactam ring but different side-chains.
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« Control and restriction so they are not over-prescribed when other drugs can be used.
« Ensure patients take a full course of the medicine to prevent spread of the resistant strains in the community.

B8 (a) WWith reference to the structune given In section 37 of the 1B data booklet, determing the
mabecular formula of penicillin,
(b) Mark on the moleculz where the side chain can be modified and explain why this is done
(<€) Refer to the part of the molecule respansible for its antibiotic properties, and explain the basis of
Its mode of action

9 Discuss thres ways in which human activities have Caused an increase in the resistance to penicillin in
bacterial populations.

Paracetamol

Paracetamol is another commonly used analgesic . In the correct dose it is very safe but with overdoses or
prolonged use it can cause:

o Blood disorders

o Kidney damage

e Liver damage

e Brain damage

e Death!

March 11, 2016


https://www.youtube.com/watch?v=7qeZLLhx5kU
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1] Opiates

Opiates - Strong analgesics

Opiates are a group of strong analgesics that work by preventing the transmission
of pain impulses between opiod receptors i the brain rather than at the source.

They are natural analgesics derived from opium .
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bain celt THocks Tansaissien
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Because these analgesics act on the brain, they may cause possible changes in
behaviour and mood, so they are also known as narcotics. Opioids are the maost
effective painkillers for severe pain, but due to their side-effects and potential problems
with dependence, their usage musz be monitored theough medical supervision,

Structures of opiates
Aoy ’

Marphine Dilamarhine e

=ester fpthanaate) (2}
gy g

Heroin is classed as a semi-synthetic opiate as we must carry out 2 esterifications on the 2 OH groups of
morphine to make it.

As a result of their structures and solubilities, these three drugs differ in their
effectiveness as follows:

= codeine: increasing strength as analgesics
= morphine: increasing narcotic effects
= diamorphine: Increasing side-effects

Advantages and disadvantages of using strong
analgesics

Pain management

The World Health Organization (WHO) has developed a three-step ‘analgesic ladder’ to
be a simple guideline to encourage better global standards of pain management.

1 usemild analgesics

2 add a weak opioid such as codeine or tramadol

3 in severe Intractable pain, use streng oplobds such as morphine, methadone, or

passibly diamarphine.
R

st @ strong opokd

Side-effects

Strong analgesics have several other effects that can sometimes be used for therapeuric
purpases, but sometimes are considered adverse side-effects, They include:

= constipation

* suppression of the cough reflex

= constriction of the pupil in theeye

= narcotic effects, which are discussed below,

Advantages:

+ Relieve acute pain

«+ Wide therapeutic window

«  Relieve anxiety/stress

«  Taken intravenously so act faster than mild analgesics

Disdvantages:

+ Euphoria can induce lack of self-control

+ Addication and withdrawal symptoms

« Rapidly increasing tolerance can lead to overdoses
«  Kidney failure

+ Transmittable diseases through needle use

March 11, 2016
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D4 - pH regulation of the stomach
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m Antiviral medications
Lk

Why o viruses kill? Antivirals
Bacteria are: Viruses are:
+ Single-celled microorganisms. + Submicrosc

Vv o+ sedlt (A5
olyssbarids molecsks) and iophem
Conaingcvymes o reak down oo
Sorepraducngunis

Aol o merbolas and row.

opic
Non-cellular particles without nucleus/cell wall
cytoplasm etc.

Only contain protein and nucleic acid,

Do not feed or grow but reproduce inside the
cells of lving organisms (hos cels).

Have no metabolic functions.

How do antivirals work?

Body's natural defence  : Produces specific antibodies that target the virus. This provides immunity to
repeated infections from the same strain of virus.

Viral infections are difficult to treat as they live within host cells and are not easily targeted. As they
multiply  rapidly, the chances ofmutation are high and therefore their susceptability to a drug
changes quickly.

There are a number of ways that an antiviral drug works

« Alters genetic material so that viruses cannot use it to multiply.

« Prevent viruses from multiplying by blocking enzyme activity within host cell

« Prevent viruses from entering (human) cell / bind to cellular receptors targeted by viruses.

« Preventhinder the release of viruses from the cell.

Ancivirals can be taken as prophylactics (known asvaccines ) to produce the protective antibodies for
a future infection. ——

e ——

Ebola

HIV and AIDS

Aqired immune deficiency syndrome  (AIDS) is caused by the human immunodeficiency

virus. (HIV) was first diagnosed in 1981, It is transmitted through sexual or parenteral exposure to

bodly flids. Approximately 33 millon people are currently HIV posicive.

HIV is particularly diffcult to treat as:

« Itattacks CD4'T cells (white blood cells ) which are the cell that usual help defend the body
against viruses.

It mutates rapidly - "more variation of HIV in a single patient than in worldwide influenze cases".

« The virus often lies dormant in host cells so no immune response is provoked.

In addition to these, the antiviral drugs used to treat HIV are relatively expensive.

There is also a range of sociocultural issues that complicates the mater:
Condom use - cost, availabilty, religious belief

Cultural factors - lack of education, social stigma
llegal activities - drug use, prostitution
Limited medical resources

Flu viruses

Influenza, or the flu, kills aroung 500,000 people a year. Normally it's symptoms include things ike
headaches and sore throats but it is particularly dangerous when contracted by people with
compror

ed immune systems such as the elderly.

Human seain ofbid fl - H7N9

Swine fla- HINI and relred

The anivirals oseltamivir ~ (Tamiflu) andzanamivir ~ (Relenza) both work by targeting the active site,
on the neuraminidase molecules

Normally, the neuraminidase binds to the substrate silic acid on the cell and allows viral particles to
escape the host cell. These antivirals have a similar chemical structure to the sialic acid and therefore
bind the active sites . Thisinhibits ~the normal role of the neuraminidase.

Why must these drugs be taken within 48 hours of experience the symptoms of the flu?

March 11, 2016


https://www.youtube.com/watch?v=Rpj0emEGShQ
https://www.youtube.com/watch?v=FDVNdn0CvKI
https://www.youtube.com/watch?v=jJwGNPRmyTI
https://www.youtube.com/watch?v=sRv19gkZ4E0
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Taxol: a ghiral auxiliary case
study

Understandings:

® Taxol is 2 drug that is commonly used 1o treat several different forms of cancer
© Taxol naturally occurs in yew trees but is now commonly synthetically produced
e A chiral awdkary is an optically active substance that is temporanly incorporated into an organic

synithesss so that t can be carned cut asymmetrically with the selective formation of a single
enantiomer

Applications and skills:

« Explanation of how Taxal (Packtaxel) is obmined and used as a chemotherapeutic agent.
® Description of the use of chinal awdlanes to fomn the desired enantiomer.
* Explanation of the use of a polarimeter to identify enantiomers,

Guidance

The structure of Taxel is provided in the IB data bookdet i section 37)

Optical isomerism: chiral drugs exist in two forms with
different acthities

mirror
®

Optical isomers (enantiomers) usually have identical chemical P .l,ﬁh. .’_* ‘i
properties unless they are reacting in a chiral environment \. /
(with molecules that are of only one enantiomer themselves.

5o " Go

mirres plare eM L
— it — inactve nantiomer Biological reactions produce pure forms of

only | enantiomer in comparison to artificial
synthesis of drugs which produce both (a
racemate mixture).

The different enantiomers must be treated as
different drugs as they can have very different

.
physiological effects.

drug hI;irg site
Taxol

Chematherapy means Taxol is a powerful anti-cancer drug from a group
the treatment or control .
Sy sl of compounds called taxoids . It works by
agents. It is generally preventing cell division in tumours.
used in the context of
cancer treatment.

It was first isolated from the bark of Pacific yew trees but there was

controversy over the environmental impact of this as only 0.0004 % of the
bark contains Taxol.

Nowadays, Taxol is produced as a pure enantiomer via
stereospecific, or "asymmetric" synthesis.

How many chiral centres are there in this molecule?

One ways of doing this is to use a chiral auxillary.

https://www.youtube.com/watch?v=PbvEd_krHI8

. 4

taxol

I. A chiral auxillary is itself an enantiomer

2. It reacts with the reactant molecule to create the stereochemical conditions necessary to follow a
certain pathway.

3. Following the reaction, the chiral auxillary isremoved leaving the desired optical isomer product.

bath enantiomers are produced

witheut a

o o

chiral

muriliary ‘E/E\o}i A “‘“Vﬂ\ou
=

1] - NH; NH;
\\/u\ Z-aminopropancic acid
OH
propanaic acid \* [e] o ausiliary (4]
witha chiral “~_- = \J\.
axiliary i
NHz

only one enantiomer
produced

We can identifiy enantiomers using a polarimeter. By measuring
the rotation of plane-polarised light, we can calculate the purity
of the enantiomer.



https://www.youtube.com/watch?v=PbvEd_krHI8
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Radionuclide therapy

Cancer is one of the largest causes of death globally. It is caused when cells lose the ability
to control growth and division --> causing tumours . The ionising effect of radiotherapy
mostly affects the DNA responsible for this process so is used alongside chemotherapy and
surgery to treat tumours.

To treat tumours, we must target the cancerous cells and minimise damage to normal cells:

An ideal radionuclide are strong beta-emitters (to damage cancerous ce)ishat also emit RADIOACTIVE
enough gamma radiation (so that they can be traced with imaging MATERIAL

Most common --> Lutetium-177  and yttrium-90

1 External radiotherapy or teletherapy

External source of radiation is targeted at specific sites of cancer. E.g.

§2C0o — BNi + _P + y-rays

2 Internal radionuclide therapy
A radioactive material is taken in the body in solid form or as aliqud:
« A wire, seed or tube implanted near tumour site.
« Oral/parenteral administration - e.g. iodine-131 for thyroid cancer

Current development of radoinuclide therapy - targeted alpha TAT

therapy : a

« Used to treat dispersed cancers (metastasis) e.g pancreatic,
ovarian, melanoma

o TAT uses alpha-emitters that specifically target canercous cells

«  Radi lide attached to antibody that fits antigen of cell

il the ced

Binding

target cancer cell

Alpha particles - high ionizing density yet radiation range is short
so minimal damage to other cells.

cances cell

Pb-212 is currently being researched for this purpose.
cancercall  ILi
Boron Neutron Capture Therapy BNCT L
A currently developing use of radionuclide therapy: a
¢ Non-radioactive boron-10 administered - collects in brain tumour cells
« Neutrons fired at boron neutron
« Unstable boron nucleus undergoes alpha decay (and release of gamma radiation) @ ] gamma
« Alpha particles destroy cancerous cells baron
alpha partices
198+ 3n — 1B — 4o+ 7L g raason
Kills cancer cells

Side-effects of radiotherapy

Aswith all forms of medical treatment, individuals vary greatly in their

responses to radiotherapy, but some of the most common side-effects are:

« fatigue — rest and regular hydration are important during treatment

» nausea —more common when the treatment is in the area of the digestive
system

» hair-loss — this occurs within the treatment area and is usually temporary

« sterility — more likely if treatment is close to ovaries or testes

« skin reaction - skin may become red, sore, oritchy in local area of
irradiation,

AML m)” 3’

Exercises
22 (a) Formulate the nuclear equation for the decay of %7, which is a beta emitter.
(b) The *Y isotope has a half-life of 64 hours. Calculate how much of a 65.0 g sample would remain
after 4 days.
23 ¢ is radicactive. After one day it is found that 0.33 mg of a 5.0 mg sample remains, What is its
half-ife?
24 (a) Outline the characteristics of Tc-9%m that make it so suitable for use in diagnostic procedures,
(b) State the characteristics of Lu-177 and ¥-90 that make them useful in radiotherapy.
25 (a) Describe what is meant by targeted alpha therapy. 2 @
(b) Explain two characteristics of alpha partiches that enabie them to be particularly effective in
cancer treatments.

v o
gqy _n’—oz,—ri R "

—

24 [a) Half-ife is & hours - lang enough for
diagnosis but decays quickly. Radiatic
gamma rays used for detection and b

alectrons which minimize rads

[b) Strong beta emitters that also enmit gamma
radialion 1o enabie imaging,

March 11, 2016
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https://www.youtube.com/watch?v=bH3plIzYLS8
https://www.youtube.com/watch?v=xiRSULU2UHU
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m Drug dutection and ansbysis

Detecting ethanol

March 11, 2016
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https://www.youtube.com/watch?v=uhAJ-zL5-QU
https://www.youtube.com/watch?v=PYMWUz7TC3A
http://www.bbc.com/sport/athletics/35298526
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Organic structure analysis and identification

Mass spectrometry

Salicylic acid CH0, Aspirin CHyO,

COOH COOH i
i o—eL .
© o
N
malecular ian CHO,* molecular ion CgH, 0%
miz =138 miz = 180
i
®
160-
1o
= 0
] vaecular ion Ly
P X %
2 Pe
i o
] i
 A— ]|l 3 A » | mabecularion
P s "5 MR TR "R ™ ko | Pl

T T
W0 120 140 160

i

T T T T o

phpryrippgy
020 40 & B 18 200 20 230

'"H NMR spectroscopy - How many peaks would be expected and with what splitting?

COOH o Figure 15.43 HNMR spactrum 1
= of aspirin, 2-scetmeybenzaic
0=—C S o acid
Ty CH;
)
Type of praton Splitting pattern
| 3 equivalent protons on the -CH,
1 23 singlet
I-IO\_‘ ’}O ! group in the ester group d
< Y daublet
H 0 C. 3 4 protons attached within the triplet
\C/H |} range 7-8 sromatic ring, each in slightly —
H \-I 4 | different chemical environments _1_@517,
. H | doublet
H € 1 -0OH of carbowylic acid; but the peak sz
| Is 50 broad that it is almost not visible | *"'9

29 Caffeine has the foliowing structurne

H)('\ 0
o
NN
|
CH;
(a} In the mass spectrum given in Figure 1546, what peak supples the strongest evidence for the

presence of caffeine?
100 =

relativeintensity
o

o
&
1

P JL J.. | |

||| 4 " ' /&
2 40 60 B0 100 130 10 180 180 200
miz

(b} |dentfy awo characteristic absorptians in the infrared spectrum (Figure 15.47) that are consistent
with the structure of cafeine.

o

100
E B0
E 60
8
A0
g
2 20
[}
4000 3000 2000 1500 1000 500
wavenumber/cm™'

(€} How many peaks would you apect in the TH MR spectrum of caffeine? Whatwould be their
relative arex and spliting pattesne?
{d} Mame three functional groups prezent in caffsne

March 11, 2016
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Environmental impact of some
medications
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Salvent waste: the major emission of the drug industry

Silverid use bs thereiare 8 acrous conicertt in the pharmicoatical indasiey, The
suitability af sckvents can be assewsed by theee factors:

1 taxkciny oo workers ~ whsether e salvent i carcinogenic (cancer causing] or
associaicd with ather health ses
2wty of the procoss = withor che sobeent is highty lammabl, cxplos, or can

cansse o bry-products

3 harm o the evirommens —whether the salvent will contaminate soil and grownd
i, cams e depletion, o congribute 1o greenbomes gas Brmation whes
rebeased o burned.

O the hasis of these criteria, ple: can by

prefierred ar undesiable s 3Ikm1|h.i_m

Preferred solveits Uitdesirabile solvents
methane, CH
HCHO

othanal, C3HOH

CH CHIOHICH, ¢ R
= CHLCOCH, diethyl ether. C,M,0C 4,

tetrach

propa

etbancare, CHCOCC, benzene, CH,

Muclear waste: an increasing problem in the
dnug industry
High-level waste - Large amounts of ionizing radiation for a long
time: Radioisotopes used in medical procedures.

Storage- 5/10 years in cooling ponds and then to dry storage in
heavily shielded structures underground.

Low-level waste - Small amounts of ionizing radiation for a short
time: clothing, protective shoe covers, paper towels etc.

Storage- Sealed in containers and placed in landfill once decayed.

Antibiotic waste: are we killng the curas?

Superbugs - antibiotic resistant bacteria that carry several resistant genes. Eg.

Overuse of antibiotics and the millions of tonnes of antibiotic compounds have been
released into the biosphere, increasing exposure of them to bacteria.

Non-human uses include:
» therapeutic use in aquaculture and houszehold pets
» growth promation apd propiylsctic use in animal livestock
= pest control in agricultire
= ganitizers in toiletries and household cleaning products
= serilization and culture sedection in research and indusery.

Solutions
« Strict control measure for use of antibiotics
+ Suitable destruction before disposal

Obtaining the Tamiflu precursor: a Green Chemistry
case study

The kesr precursor for the synibesis of Tamifh is shikimic acil, or its salt shikimase,
with the fallowing structure

Hiy, JOH

Mostly harvested from the star anisefound in SW China and Vietnam BUT lengthy extraction process with low yield.

Green chemistry ~ approach:

+ Production of shikimate from fermentation reactions of geneticall engineered bacteria.
« Harvesting from a range of pine needles that are more abundant that the star anise

« Extraction from suspension cultures of the Indian sweetgum tree.

NI Mirisia poesetial

ool 1. Presere vaste
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18, Desgn
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* The production of the drug Viagra by Pizer uses a modified reaction route thar
l t.aquarter of the F the original process. It reduces the amount of
st arnd kvokds T vk ol e ko hsandGasroapents.

The dymidsesin of the anti-bifpinatony duiig e profen s bess altsiad B a
six-step toa three-siep reaction rowte. This has increased the atom economy of the
process from 4% to 7% and reduced the energy demand.

» Synhesis of the analgesic drug Lyrica was modified o use a nanral meagent of an
enzyme with wateras 3 noh duice the use of Ll dic materials
This has eliminated the emissions of more than 3 million tonnes d’CO, compared
weith the oeiginal process.
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