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WHAT IS A CHIRAL CARBON ATOM?

It’s an asymmetric carbon atom 

(i.e. a carbon with 4 different groups attached), 

The molecule containing it therefore exists as two optical isomers 
(enantiomers).

A chiral molecule cannot be superimposed on its mirror image.

One convention is to use an asterisk (*) to identify it.



A HINT ON IDENTIFYING CHIRAL CARBONS

If you are looking at a big molecule, it can be hard to see the wood for the 
trees.

You can make life simpler by remembering one or two truths:

A chiral (asymmetric) carbon has four different groups attached to it.

This means that you can ignore: -

Any CH2 group (or a CH3 for that matter).

Any carbon attached to a double or triple bond. (C=C, CC, C=O, CN etc.)

Any carbon that is part of a benzene ring.



LET’S SEE HOW THIS WORKS OUT

Here is incensole, an ingredient of frankincense

Ignore the CH2, CH3 and C=



Reproduced by license from Reuters



HERO TO ZERO

23rd February 2002

Alain Baxter finished third in the men’s slalom in the Winter 
Olympics at Salt Lake City. 

No British skier had ever finished in a medal position at any 
Winter Olympics.

5th March 2002

It was revealed that Baxter had given a positive test 

for a banned stimulant.



WHY?

• Baxter had a blocked nose.

• Mistake – he didn’t check with the team doctor!

• He purchased a Vicks nasal inhaler, something he regularly did back in 
Britain. 

• British Vicks contain the chemicals menthol, camphor and methyl 
salicylate (wintergreen), which all contribute to its activity (and 
smell). They work by shrinking inflamed membranes and relieving 
nasal congestion. 

• Although it looks the same, American Vicks contains compounds not 
found in the British version, including methamphetamine. 



… you mean …..



https://massappeal.com/wp-content/uploads/Breaking-Bad-final-season.jpg



AND?

Baxter was stripped of his medal by 
the IOC.



WERE THE IOC RIGHT ?

A methamphetamine molecule contains 

an asymmetric carbon atom 

(i.e. a carbon with 4 different groups attached), 

It therefore exists as two optical isomers (enantiomers)



ENANTIOMERS OF METHAMPHETAMINE



SO, WHAT’S THE DIFFERENCE?

• The isomers have identical chemical reactions, solubilities and 
melting points.

• They interact differently with other chiral molecules, such as 
receptors in the body (they fit protein receptors differently and 
therefore do different things in the body). 

• They interact differently with plane-polarised light.



POLARIMETER

http://www.globalspec.com/ImageRepository/LearnMore/20131/polarimeter820d4e99e67747e89568a20bddf264c6.gif



The diagram shows how the two isomers of methamphetamine might interact 
with a (hypothetical) receptor site.
The interaction between the nitrogen and region C might be a hydrogen-bond.

The interactions between the hydrogen and region B and between the methyl 
group and region A, in one isomer, could involve Van der Waals’ forces.



AND?

• L-methamphetamine is simply a decongestant, and has no stimulant 
activity. This is the form found in American Vicks (but not in the 
British product)

• D-methamphetamine, its isomer, is the stimulant known as speed, 
which gives people “more energy”. 

http://www.chm.bris.ac.uk/motm/methamphetamine/meth.gif



IT REMAINS A PROBLEM TODAY

http://www.theoccidentalobserver.net/wp-content/uploads/2012/09/meth-addict.jpg



ARE THERE OTHER MOLECULES 
WHERE THE ISOMERS 

BEHAVE DIFFERENTLY ?

• The two isomers may have identical properties.

• One may be more active than the other.

• One isomer may be totally inactive.

• The isomers may have different effects (not harmful).

• The isomers may have different effects (one harmful).



CHLOROQUINE
(antimalarial drug)

The isomers have equal activities.

https://5.imimg.com/data5/KT/CJ/MY-45542203/chloroquine-250x250.jpg



PROPRANOLOL
(beta-blocker) 

The S-(-) enantiomer is 100 times more effective than the 
R-(+) enantiomer. It is administered as a 1:1 mixture.

https://img.medscapestatic.com/pi/features/drugdirectory/octupdate/HER01100.jpg



IBUPROFEN
(anti inflammatory drug)

The (S)- enantiomer is active. The (R)- enantiomer is inactive,

but is metabolised by the body to the active (S)- enantiomer.

https://upload.wikimedia.org/wikipedia/commons/b/b0/200mg_ibuprofen_tablets.jpg



KETAMINE

The (S)-isomer of ketamine is an anaesthetic. 

The (R)- isomer is a psychotic drug.

https://upload.wikimedia.org/wikipedia/commons/3/37/Ketamine.JPG



RITALIN

The ADHD medication Ritalin has two chiral centres.

It is used as a mixture of the R,R- and S,S-forms. Its ADHD 
activity is due to the RR-isomer. In 2001 Novartis gained 
patent rights for the use of the single isomer drug.

https://upload.wikimedia.org/wikipedia/en/0/09/Ritalin_%28AU%29.jpg



CITALOPRAM

•Its antidepressant activity is due to the (S)- enantiomer; the (R)-form is inactive. 

•It is now marketed as the (S)-isomer “Escitalopram”. 

https://upload.wikimedia.org/wikipedia/commons/thumb/8/8e/Citalopram20-40-2.jpg/220px-Citalopram20-40-2.jpg

https://upload.wikimedia.org/wikipedia/commons/thumb/d/d9/Cipralex.jpg/220px-Cipralex.jpg



TRAMADOL

Painkiller first marketed in 1977 by German firm Grünenthal GmbH. 

Used to treat moderate to severe pain. Used as racemic mixture of two isomers. 

The (R,R)-isomer has a ten-fold greater analgesic potency. The mixture appears better 
than the single-isomer form.



PROPOXYPHENE

One isomer, Darvon, is a painkiller (and liable to abuse).

The other, Novrad, is a “safe” antitussive (anticough agent).

•https://upload.wikimedia.org/wikipedia/commons/4/4b/Propoxyphene.jpg



THALIDOMIDE

• In 1957 a drug produced by the 
German drug company Grunenthal was 
released following normal safety trials; 
it had been tested on rodents and 
seemed to be safe.

• It was marketed as a sedative and anti-
emetic and as such was prescribed to 
pregnant women around the world as 
a treatment for morning sickness (e.g. 
UK, Germany, Australia and much of 
the Commonwealth) 

• Sadly, an apparently safe hypnotic 
intended to replace the dangerous 
barbiturates turned out to cause 
severe foetal abnormalities.

• If it had additionally been tested on 
rabbits, this problem might have been 
anticipated.



THALIDOMIDE

Both isomers of thalidomide have sedative properties. 
The (S)-isomer is a teratogen.

It produced birth defects in over 10 000 children. 

Its packaging now bears the image of a pregnant woman.

https://upload.wikimedia.org/wikipedia/commons/8/82/Pack_of_Thalidomide_tablets_c.1960.JPG



THALIDOMIDE

• Thalidomide causes limb defects, through 
preventing blood vessel migration into the 
developing limb bud, stopping vessel tube 
networks from forming. 

• At the time the limb forms (in humans is 
around 5-8 weeks) it has a highly 
changeable vessel pattern - whereas the 
rest of the body has a stable vascular 
network. 

• Thalidomide prevents new vessel 
outgrowth, which increases cell death and 
loss of limb signalling pathways, stopping 
limb formation. 

C. Therapontos, L. Erskine, E. R. Gardner, 
W. D. Figg and N. Vargesson, PNAS, 2009, 
106, 8573-8578.



THALIDOMIDE

• On July 16, 1998, the FDA approved the use of thalidomide for the 
treatment of lesions associated with Erythema Nodosum Leprosum 
(ENL). Its use is permitted only under tightly controlled conditions. 

• Brazil has the highest prevalence  of leprosy in the world and 
thalidomide has been used by Brazilian physicians as the drug of 
choice for the treatment of severe ENL since 1965.



POMALIDOMIDE
• Neil Vargesson’s Aberdeen group are 

currently studying Pomalidomide (3-
aminothalidomide). 

• This was licensed for treatment of 
multiple myeloma in 2013. It is 
thought to be clinically more potent 
than either Thalidomide or 
Lenalidomide.

• It is nonteratogenic in chicken and 
zebrafish embryos and non-
neurotoxic in vitro. Possible 
teratogen in humans

• C. Mahony, L. Erskine, J. Niven, N. H. 
Greig, W. D. Figg and N. Vargesson, 
PNAS 2013, 110, 12703-12708 



FRANCES KATHLEEN OLDHAM KELSEY

HEROINE

Arguably the greatest pharmacologist.

Canadian born (24 July 1914) naturalised 
U.S. citizen.

Died 7 August 2015.

•https://upload.wikimedia.org/wikipedia/commons/thumb/6/68/Frances_Oldham_Kelsey.png/220px-

Frances_Oldham_Kelsey.png



THALIDOMIDE

Dr. Frances Kelsey was the FDA medical officer who kept Thalidomide off the 
American market, despite a great deal of pressure from a drug company.

The Washington Post story read: 

HEROINE OF FDA KEEPS BAD DRUG OFF MARKET. 

This is the story of how the scepticism and stubbornness of a government physician 
prevented what could have been an appalling American tragedy, the birth of 
hundreds, or indeed thousands, of armless and legless children.



THALIDOMIDE

Dr. Frances Kelsey was the FDA medical 
officer who kept Thalidomide off the 
American market, despite a great deal 
of pressure from a drug company.

In 1962, President John F. Kennedy 
awarded a gold medal to Dr. Kelsey for 
her efforts, the “President's Award for 
Distinguished Federal Civilian Service”. 

https://upload.wikimedia.org/wikipedia/commons/thumb/1/18/Frances_Oldham_Kelsey_and_John_F._Kennedy.jpg/170px-Frances_Oldham_Kelsey_and_John_F._Kennedy.jpg



SINGLE-ISOMER DRUGS

• Using the single isomer will halve the dose to the patient.  

• It will also avoid possible side effects for an isomer. 

• Wasteful production of the unwanted isomer is eliminated.

• American Food and Drug Administration (FDA) policy is that the properties   

of each individual enantiomer must be known. 

• Introducing a single isomer form of an existing drug means that the   

commercial life of the drug can be extended.



PROZAC

A mixture of the isomers of fluoxetine 
(Prozac) has antidepressant 
properties. Plans to market single-
isomer (R)-fluoxetine as an 
antidepressant were not successful as 
Phase III clinical trials showed that 
some patients developed 
cardiovascular symptoms.

https://upload.wikimedia.org/wikipedia/commons/5/5e/Prozac_pills_cropped.jpg



STEROIDS AND CHIRAL CARBONS

Can you identify them?
8 in cholesterol; 6 in testosterone.



STEROIDS AND CHIRAL CARBONS

Here they are, the * atoms.                                                                   



TESTOSTERONE AND EPITESTOSTERONE - EPIMERS

Testosterone (T) and epitestosterone (E) are epimers.

An epimer is one of a pair of stereoisomers. 

The two isomers differ in configuration at only one stereogenic centre; all other 
stereocentres in the molecules (if any) are the same in each.

The human body makes T and E in a roughly 1:1 ratio. 

Testosterone has anabolic effects in the human body; epitestosterone does not.

A ratio greater than 4:1 is very rare, and requires further testing under WADA 
regulations.



TESTOSTERONE AND EPITESTOSTERONE

Recent high-profile abuse victim, Floyd Landis, Tour de France August 2006. 
Allegedly 11:1 ratio in epitestosterone test. 

Landis lost the winner’s title.

https://upload.wikimedia.org/wikipedia/commons/e/e2/Floyd_Landis-Tour_de_France_2006-20060723_%28cropped%29.jpg



EPIMERS -2

An epimer is one of a pair of stereoisomers. The two isomers differ in 
configuration at only one stereogenic centre.

Zingiberene is found in ginger oil. Its epimer, epizingiberene, is found 

in wild tomatoes. Epizingiberene is a repellent to whiteflies (Bemisia tabaci) 

- an agricultural pest that vectors plant viruses - but its epimer is not.

See P. M. Bleeker et al., Phytochemistry, 2011, 72, 68–73

http://upload.wikimedia.org/wikipedia/commons/0/01/Bemisia_tabaci_from_USDA_1.jpg



IS IT JUST DRUG ACTION THAT IS AFFECTED?

Other properties like smell and taste

can be altered too.



OLFACTORY RECEPTION



CARVONE



CARVONE MAKES A DIFFERENCE

The effects of carvone on the locomotion activity (LA) of mice depends on the chirality of this ketone.

The so-called ‘spearmint carvone’, showed more sedative and relaxing effects, whereas (+)-carvone, the 
‘caraway carvone’, demonstrated both sedation and activation effects on the LA of mice.



LIMONENE

WRONG !

J. G. Friedman and L. Miller, Science,

1971, 209, 1044-1046, said:-



LIMONENE

Research by Dr Charles Sell (formerly of Givaudan UK) suggests

that these smells are mainly due to impurity. Watch this space (2018).

C. S. Sell, Chemistry & Biodiversity, 2004, 1, 1899-1920.

https://upload.wikimedia.org/wikipedia/commons/thumb/7/7b/Orange-Whole-%26-Split.jpg/1200px-Orange-Whole-%26-Split.jpg

https://upload.wikimedia.org/wikipedia/commons/thumb/0/0f/CupGutterSystem.jpg/220px-CupGutterSystem.jpg

https://upload.wikimedia.org/wikipedia/commons/thumb/7/7b/Orange-Whole-%26-Split.jpg/1200px-Orange-Whole-%26-Split.jpg


GRAPEFRUIT MERCAPTAN

(R)-2-(4-methylcyclohex-3-enyl)propane-2-thiol or 1-p-menthene-8-thiol, aka Grapefruit mercaptan, 

most important odorant in grapefruit.

(R)- enantiomer of 1-p-menthene-8-thiol has strong grapefruit-like odour. Odour threshold 0.00008 

ppb.

The odour of the pure (S)-enantiomer is weaker and completely non-specific.



GRAPEFRUIT MERCAPTAN
Separation of the 1-p-menthene-8-thiol enantiomers by enantioselective gas 
chromatography on a ‘handed’ column.

Ref: Detmar Lehmann, Armin Dietrich, Uwe Hener and Armin Mosandl, Phytochemical  Analysis, 
1995, 6, 255-257



NOOTKATONE
Found in grapefruit, also insect repellent.

https://upload.wikimedia.org/wikipedia/commons/thumb/f/fe/Grapefruit-Whole-%26-Split.jpg/1200px-Grapefruit-Whole-%26-Split.jpg



2-METHYLBUTANOIC ACID



ETHYL 2-METHYLBUTANOATE

Ethyl (R)-(-)-2-methylbutanoate

fruity, "caprylic".

Odour threshold 10 ppb

Ethyl (S)-(+)-2-methylbutanoate

fresh fruity, apple-like

Odour threshold 0.006 ppb

Flavour constituents usually one chiral isomer in 
nature. 

Synthetic materials are usually a racemic mixture. 

US estimates 10% of fruit juices are adulterated.

https://upload.wikimedia.org/wikipedia/commons/d/d7/Granny_smith_and_cross_section.jpg



ETHYL 2-METHYLBUTANOATE

Ethyl (R)-(-)-2-methylbutanoate Ethyl (S)-(+)-2-methylbutanoate

• Can distinguish by GC using chiral columns.

• The analysis of Brand “X” apple juice spiked 
with both racemates of ethyl-2-
methylbutyrate and 2-methylbutyrate shows 
how the presence of racemic mixtures would 
look.

http://www.restek.com/pdfs/59546.pdf

T. König and P. Schreier, Z Lebensm Unters 
Forsch A, 1999, 208,130–133

http://www.restek.com/pdfs/59546.pdf


1-OCTEN-3-OL

https://vignette.wikia.nocookie.net/recipes/images/2/2e/Cremini_Mushrooms.jpg/revision/latest?cb=20110110161133



3-METHYLTHIOBUTANAL

https://upload.wikimedia.org/wikipedia/commons/thumb/9/93/BakedPotatoWithButter.jpg/250px-BakedPotatoWithButter.jpg



METHYL JASMONATE

This has two chiral carbons and four possible isomers.



ASPARTAME

• Only the isomer shown has a 
sweet taste (because there are 
two chiral carbons, four 
isomers are possible).

http://www.canderel.co.uk/images/products/red/tablets-1.jpg?



AMINO ACIDS



ISOMERS OF ASPARAGINE

The great French chemist L. N. Vauquelin first isolated asparagine, from asparagus, in 1806. 

This tasted bitter and is now known to be the L-isomer. The crystals were recognised to be 

chiral by Pasteur in 1851.

The Italian chemist Arnaldo Piutti isolated the sweet-tasting D-isomer from vetch in 1886. 

Its crystals were enantiomorphous with the L-isomer; the optical rotation was equal in 

magnitude and opposite in sign to the other isomer.



IS IT JUST US ?

Other living creatures also possess the ability to discriminate between certain 
isomers. 

In tests on 10 pairs of isomers, humans discriminated between the odours of the 
optical isomers of a-pinene, carvone and limonene, whereas they failed to 
distinguish between the (+) and (-) forms of fenchone, b-citronellol, menthol, 
rose oxide, butan-2-ol, a-terpineol, and camphor. 

Squirrel monkeys (Saimiri sciureus) performed identically, except that they could 
discriminate between the optical isomers of fenchone. 



AND OTHER LIVING THINGS ?

• Presented with the same choice, honey bees (Apis mellifera carnica) can 
distinguish between the isomers of a-pinene, carvone, limonene, b-
citronellol and menthol, but not between the (+) and (-) forms of fenchone,  
rose oxide, butan-2-ol, a-terpineol, and camphor. 

• Rats, however, have been shown to distinguish between the isomers of 
carvone, fenchone, butan-2-ol and octan-2-ol. 

B. D. Rubin and L. C. Katz, Nat. Neurosci., 2001, 4, 355 - 356.

https://upload.wikimedia.org/wikipedia/commons/f/f5/Apis_mellifera_carnica_worker_hive_entrance_2.jpg

http://wiki.urbandead.com/images/2/2b/Rat-ah-tat-tat.jpg

https://upload.wikimedia.org/wikipedia/commons/f/f5/Apis_mellifera_carnica_worker_hive_entrance_2.jpg
http://wiki.urbandead.com/images/2/2b/Rat-ah-tat-tat.jpg


FENCHONE

A puzzle to humans and bees, but not to squirrel monkeys.



WHAT DOES THAT PROVE ?

Insects and mammals may share some common features in the way they 
perceive odours. 

Enantiomeric receptors may only exist for some volatile substances. 

Another possibility is that when only one of a pair of chiral odorants exists in 
nature, a receptor that discriminates between the isomers is unnecessary.



SMELL - ODORANT RECEPTORS

It appears that there may be hundreds of odorant receptors, but only 
one expressed in each olfactory receptor neuron. A large family of 
odorant receptors was cloned in 1991 by Linda Buck and Richard Axel. 
Around 350 genes code for functional receptors.



KEY PUBLICATION



which won …

https://www.eurekalert.org/multimedia/pub/web/111419_web.jpg

http://www.cumc.columbia.edu/publications/press_releases/images/richard_axel_nobel_prize1.jpg



ANOTHER KEY PUBLICATION



COMBINATORIAL CODES

Buck et al, 1999 –

•1. A Single Receptor 
Recognizes Multiple 
Odorants.

•2. A Single Odorant Is 
Recognized by Multiple 
Receptors.

•3. Different Odorants 
Are Recognized by 
Distinct Combinations 
of Receptors.



PATTERNS OF ACTIVITY IN THE BRAIN

F. Xu, N. Liu, I. Kida, D. L. Rothman, F. Hyder, and G. M. Shepherd, 
PNAS, 2003, 100, 11029–11034.



PATTERNS OF ACTIVITY IN THE BRAIN - 2



CHIRAL MOLECULES

K. Mori et al (Physiol. Rev., 2006, 86, 409–433) 
created maps of how clusters of glomeruli responded 
to various odorant molecules.

Amongst these, they separately examined responses 
to the two isomers of carvone. 

They affect different areas.



Thank you for your attention

Dr Simon Cotton 

School of Chemistry
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