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Course Qverview

Coursesaimg understand the following:

A The importance of controlling stereochemistry in synthesis
Theoretical underpinning of asymmetric synthesis
Keystereochemicamodels FelkinrAnh, IrelandHouk ZimmermanTraxle)
Substrate control
The concept of chiral auxiliaries
Stereoselectivéotal synthesis of complex molecules
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Recommendedeading

Much of this course will be taught directly from the primary literature (references given), however the following
texts can provide useful summaries and background information.

Books:
A Organic SynthesisStrategy and Contr@P. Wyatt and S. Warren)
A Organic SynthesisThe Disconnection Approat®. Warren and P. Wyatt)
A Stereoselectivitin Organic Synthes{&. Procter), Oxford chemistry primer
A Stereochemistry of Organic Compou(EsL. Eliel, S. Wilen, L. NMander)
A Organic Chemistr§d.Clayderet al))

A Classics in Total Synthe@fs CNicolaouand E. Sorensen)

Review Articles
A SubstrateDirectableOrganic Reactions, Chem. RE893 1307 Hoveyda Evans and Fu)



Course Qverview

Lectures
1. Introduction to stereoselectivesynthesis
A The energetics aftereoselectionmethods for analysing stereoisomers
2. The chiral pool of molecules
A Overview of components of the chiral pool; application in total synthesis
3. Substratecontrolled stereoselectivereactions
A Models forstereoinductiorincludingFelkinAnh andHouk
4. StereoselectiveAldol reactions under substrate and auxiliary control
A The ZimmermaiTraxlermodel; controlling enolate geometry; Evans auxiliary
5. Other auxiliarycontrolled reactions ofenolates
A Amination, oxygenation and acylatio®ppoltzerand Myers auxiliaries
6. Chiral auxiliaries on ketones and aldehydes, and asymmetriecaddition reactions
A9YRSNRERQ {! aotf flYguRhamitean t [~ 2 NaBedylrienthyl auxiliaries
7. Substrate and auxiliary control in pericyclic reactions
A Overview of stereospecificity due to Woodw#tdffmann rules; aspects sfereoselectivitye.g. endo
rule; use of auxiliaries to control absolute stereochemistry
8. Stereochemicatonsiderations in retrosynthesis of complex molecules
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The Importance-of. Stereochemistry

Why bother controlling stereochemistry?

A nstereocentresh up to 2" stereoisomers; control is necessary!
A Poorstereocontrolis wasteful (since unwanted stereoisomers are useless)
Different stereocisomers have different properties

> >

diastereoisomers

< %

Ph Ph Ph  Ph Ph

commercial polystyrene atactic ZieglerNatta polystyrene; syntactic
non-crystalline,T, ~ 90°C Crystalline T, ~ 270°C

A In chiral environmentsuch as a celenantiomers have different properties too

0 O 0 O
:|-|<\1:/§T enantiomers HN
0 N 0 —N
H < > H
0 (0]

(R)-thalidomide (S)-thalidomide




Stereochemistry in_Organic'MoleculesA Brief Summary

A Enantiomers have identical physical properties (assuming they are in an achiral environment), e.g.
melting/boiling point, IR and NMR spectra, density, viscosity, etc.

A Diasteregisomershave different physical properties.

Br diastereoisomergin red) Br
\\\\CI < > Cl
O\ O\
enantiomers (in blue)
A4 NV
Br

A Molecules where mirror image is neuperimposable arehiral



Representindgstereochemicalnformation ¢ The Maehr Convention

| will try to follow theMaehrconvention! wedges indicat@bsolutestereochemistry, bold
lines indicatarelativestereochemistryi.e.

OH OH OH OH
racemicg bold lines illustrate that OH Single §9-enantiomer of the same
groups aresynbut both §9- and (syn diastereoisomer

(R,R-enantiomers present

Note ¢ this convention is useful burtot universally adoptedExercise caution when using,
and never assume.

1. H.Maehr, J. Chem. EA985 114.



Representindgstereochemicalnformation - Racemates

What we draw

What we mean

A racemic mixture of the chiral
compound

A Ambiguity arises when >dtereogenicentre is present

What we draw

What we mean

OH OH OH OH OH OH
on o ©)\/l\ ©/'\/'\ ©/\/\
50:50
A poor
representation




How dostereogeniccentres arise?

A Stereogenicentres generally arise in molecules wheprachiralintermediate undergoes a reaction. This
can take many guises:

(i) Nucleophilic addition to @rochiralelectrophile

Q OH A newstereogenicentre
)]\ + Me—lLi > )\ i
P~ H Ph racemic
QH CI) OH
B J— - 2 .
Me” ph Me i % Me Ph” “Me
(R) (S)
(i)  Electrophilic addition to @rochiralnucleophile
o} 0
P > .
ph)\/ Ph™  "Br Ph A newstereogeniacentre
racemic
(R face Ph

Ph

O \I\_\i\\ -O - O
Ph ) Ph Ph %
(R) % (s) H
Ph
Ph Br (S) face 8



How dostereogeniccentres arise?

(i) Desymmetrizatiorof aprochiralcentre

/\)\/\ ot el 1 ea) /\)\/\
HO OH HO OMe

Y

HO/\/k/\O- —_— HO/\/'\/\OMe
Racemic mixture
_O/\/'\/\OH — Meo/\/'\/\OH

This list is by no means exhaustive. Other methods include radical reactions and pericyclic reactions, some
which we will cover in later lectures



Methods for StereoselectiveSynthesis

f
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Synthesis from the chiral pool

Amino acids
Sugars
Hydroxy acids
Terpenes
Alkaloids

To Joo Joo T To

All stereogeniaentres in
product are directly derived
from those in chiral pool
starting material

HO

negamycin

G4SN

~

-
BE20

K S YA & G NEConstruct Stereochemistry

Substratecontrolled
Use existingtereocentresn the substrate (from chiral pool) to
direct formation of new ones.

Auxiliarycontrolled
Use existingtereocentregfrom chiral pool) on chiral, cleavable
groups to direct the formation of nestereocentres

— Reagenicontrolled
Use existingtereocentregfrom chiral pool) on reagent to
direct formation of newstereocentrein substrate.
Catalyst controlled
Use existingtereocentregfrom chiral pool) on a catalyst to
direct formation of newstereocentrein substrate.
. .
4 )
Resolution
=) Construct molecule amcemate then separate enantiomers
using a chiratesolving agent
. - .

Ultimately all methods:derive from/ithe/chiralpool

o
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Creating-norracemicchiralmolecules

A All the methods described abovequired a chiral moleculéo be present from the outset (substrate,
reagent, catalyst, etc.Yhis is an absolute requirement when creating a chiral molecule from achiral starting
materials.

A Consider the following reaction:

0 (i) base 0J (i) BnBr 0
)]\/ > Eto)ﬁ‘\ > Eto)k(Bn
EtO

A B P BrY c

-

A A newstereogeniaentre is created on going froB/A C

A In the absence of any other chiraliBwill be formedracemically

By considering the energetics of the reaction, we can understand whyétbe racemic.



Energetics.ofT\Asymmetric, Synthesis

NG(rg nG'g

To obtain norracemic product we requirpg &' 7

The basis of all asymmetric synthesis is the formation of diastereomeric (rather than enantiomeric) transition stat



Kineticsof:Selectivity

A In a kineticallycontrolled reaction, the difference between activation energjeg®’) of the diastereomeric
transition states determines the ratio of stereoisomers formed

Y>i<‘ m-CPBA Y, Z m-CPBA W&

S E >

X (0] kg X ky X k
B

/// O
A

I///
II//

vl vroyoa

vyl oy Y((%)

A Small differences in energy give lasgectivities

For comparisom the energy
required to rotate a single-C
bond is 12 kanhol!
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Energetics.of Asymmetric,Synthesjsnfluence of acchiral catalyst

b2 f2y3SNJ Syl-yd)\zvémé\o ¢ {

chiral

catalyst

=z
’[N+ Br
R kPh

Stereocentresn catalyst make transition states diastereomeriq® gy <nG'g,

The same argument holds for exististgreocentresn the substrate or reagent
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Methods for Controlling:Stereochemistry

1. Substrate control
OH

0 PhMgBr
I
. Ph Y\Ph Controls newstereocentre
existingstereocentre .
Ph formation

Y

Ph Ph
major

2. Auxiliary control [really just a special case of (1)]

BulLi

overall transformation
0 cleave auxiliary
OH =
Bn Controls newstereocentre
formation

15
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Methods for Controlling:Stereochemistry

z

3. Reagent ControProf.{ 1 S@Syaz2yQa / 2dz2NASS

0 OH Controls newstereocentre

¥ \B\/\ > \/®\A .
\)]\H N formation

2
existingstereocentrgs) on reagent

4. Catalyst Contro[Prof.Stevenson and BF OK I © | ydbingels]2 Q &

N CO,H
A0 [10 mol%] o I oy Controls newstereocentre

formation

Y
/
\
w

'Hzo

existingstereocentreon catalyst

We needrmodelsto understand how:stereechemistry-in the
substrate/auxiliary/reagent/catalyst determinesdhe new
stereochemistry inthe product
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Determining [Enantiomeric Gomposition

A For a chiral molecule we quantify the ratio of enantiomers byahantiomeric excesge)

A Normally we would just look at NMR to determine the ratio of two compoundsNdIR spectra of
enantiomers are identicglas are all other physical and chemical properties.

A The analogoudiastereomeric ratigdr) can be used to describe tligastereoselectivityf a reaction

To differentiate between enantiomers we must place them in a chiral environment, so they become
diastereomeric

Methods:
1. Optical rotation measurements
2. Advanced NMR methods
3. Chiral chromatography (GC and HPLC)

17



Determiningee by optical rotation measurements

A Optical rotation if) is the amount by which a substance will rotate plapuoarized light passing through it.

Polarizing filter

[h] = observed rotation / degrees

Optically
* Axis actlve
Analyzer
.// Axis
L= path length of celldim)
¢ = concentration (g/100 mL)

A Normally quoted as: | 20 = indicates measurement was at 20
| & PTT D = indicates measurement was at theibe of
UV .
sodium €= 589 nm)

A A single enantiomer of a compound will generally have a charactefistic value. If the value is positive,
this may be called the (®nantiomer.

A The opposite enantiomer will always give an equal valueof the opposite signand would be called the
0 bkenantiomer since it gives a negative value.

A If the value of ], (i.e. the optical rotation of either pure enantiomer) is known, you can calculate the
W2 LJGA O t Lidé\dha’ndx@re acdordivigho: |

6170 @WAAR) W] dI] & pmm

A Note ¢ this method is extremely sensitive to the presence of other chiral impurities in the sample. Many
incorrecteeQld@ave been published! 18



Determiningee by NMR

1. Chiral shift reagents (CSRS)
Normally a chiral (single enantiomer) Lewis aciinds to the two enantiomers in question and creates

difference local environments.
0 (\o/\
0 0 Ho—%. O o_Hon
a Yb3*
NHZ KIHZ O K/O\) O
2:1
Example of a CSR

OCH
HOD 3 @

MeOH
M—.—.F._JL.J-.__ | - , 1__1\_{‘”

} h f

19

integrate peaks to obtain ratio of enantiomers



Harry Stone Mosher,

Determiningee by NMR

2. Form diastereomeric derivatives

One of the most common methods is to fom2 a K S NXdeérivadvasinSchdal alcohols.

azaKSNQRa ' OAR dac¢ct! 0

0 0
OMe OMe
HO)S{ Ho)g(
PR TF, PR CF,
S (R

e.g. O
O (R)-MTPA
—_—
(0]

HO OtBu

a mixture of enantiomersg
same NMR spectra

Very convenient, can just take &% NMRand work out ratio of Cfgroups in the two diastereomeric
derivatives (spectrum is very simple, much easier thdn

20



Determiningee by chromatography

A This is the most general and most commonly used method for determégng

[ ] B = ,:1»* ’ |
. [ igrioe”
R R g S k" s g T ,
a R R R S
S e
—  Columnpacked with = Detector

chiral stationary phase Typically measures
UV/vis absorbance

A GC (gas chromatographynobile phase is gas; HPLC (high performance liquid chromatogmaptobile
phase is liquid)

S
Typical HPLC/GC r Enantiomers separated
trace i 7]
Software integrates peaks to give OR 0 /@
PN relative abundance 0 E)f\
ybaX|sb— uv 5 R= ,},
absorbance ba) 4
U A typical chiral stationary phase for HRLC
e Y derived from chiral pool sugars
0 2 4 5] 8 10 12
Min

Time axi 21



Determining /Absolute_Configuration

1. Single Crystal-Ray Diffraction

This is the gold standard for determining absolute stereochemistry

A 1T Aad2NAOlItfte ySSR
(2"d row or lower) atom to get
absolute stereochemistry

A New machines can do this even
with all Istrow elements

X-ray diffraction pattern Crystal structure

2. Circular Dichroism (CD
(CD) Chiral molecules induadlipticity

[' ] in circularlypolarized light

A Enantiomers have equal and
opposite effects

A Empirical rules (e.ghe octant
rule) and computation can
predict absolute
stereochemistry from
appearance of CD spectrum

22



