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Suggested reading

Organic Chemistry, J. Clayden, N. Greeves, S. Warren and P. Wothers,
Oxford University Press. 1st Edition: Chapters 31, 46 and 47; 2" Edition:
Chapter 27 and sections of Chapters 11 and 26 (and 17 good for revision).
Organic Synthesis: the Roles of Boron and Silicon, S.E. Thomas, (Oxford
Primer No. 1)

Organosulfur Chemistry, G.H. Whitham, (Oxford Primer No. 33)

Learning outcomes:
At the end of the course you should be able to:

1.

Formulate the P, S or Si product formed from a given set of reagents (as
covered in the course), e.g. synthesis of phosphonates, phosphonium salts,
ylids etc.

Identify the alkene-forming reaction type for a given set of reagents, e.g.
“Peterson olefination” or “Wittig: stabilized ylid”



3. Work out the structure of the alkene product(s) arising from given reagents

(see LO2)

Predict the stereochemistry of the (major) alkene product (see LO3)

Rationalize your deductions using a mechanistic argument (see LO3 and 4)

Formulate the alkyl- or alkenylborane product arising from reaction of borane,

or a borane derivative, with an alkene or alkyne.

7.  Formulate the product arising from oxidation, protonolysis, halogenation or
amination of an alkyl- or alkenylborane.

8. Formulate the cis or trans alkene product arising from reaction of
alkenylboranes via a boronate intermediate.

9. Predict the stereochemistry of the product(s) arising from reactions covered
(see LOG6, 7 and 8) using reaction mechanisms to explain the stereochemical
outcome of the transformations.

10. Show how silyl ethers can be used as hydroxyl protecting groups in organic
chemistry.
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These notes, self-study workbook problems with answers, and sample past exam paper
questions (some with solutions) are available for download at:

http://www.hull.ac.uk/php/chsanb/teaching.html




“Some Important Sulfur and Phosphorus Functional Groups 1a

There are a plethora of functional groups in S and P chemistry. This is due to the possibility using d-
orbitals for bonding and a variety of oxidation states are therefore accessible. Some of the important
functional groups that will crop up in this course are shown below.
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As the O(2p)-S(3d) or O(2p)-P(3d) orbital overlap is poor compared to 2p-2p overlap, as in the C=0
bond, so the n-bonds are not so strong. Often S=0 bonds, in sulfoxides in particular, are represented
as single bonds with charge separation. These are just resonance or canonical representations of the
same molecule.
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Either representation is valid and both will be encountered in text books and this course

Isomeric descriptors for molecules with neighbouring 1b
stereocentres

The terms erythro and threo (from the names of two isomeric sugars, erythrose and threose) are often
used to describe the two diasteroisomers of a molecule with adjacent asymmetric centres.
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Confidence with interconverting the different projections will assist in your understanding of this course



* Synthesis of Alkenes 2a

Alkenes can be made via elimination reactions, e.g. from alcohols using acid catalysis, or from alkyl
halides using a base. Such elimination reactions can lead to the new double bond being located in
different positions, i.e. regio- or positional isomers may be formed. The REGIOSELECTIVITY of the
reaction is therefore of interest.

H3C LG CH3

LG = leaving group

Alkenes may be also formed as a mixture of geometric (E/Z) isomers. The STEREQSELECTIVITY of the
reaction is of interest.
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QUESTION: How can we make alkenes regioselectively?
How can we make alkenes sterecoselectively?
Can we make them connectively (by joining two molecules together)?

We can using sulfur, silicon and phosphorus chemistry !

'Elimination pathways 2b

Alkenes can be made via elimination reactions, e.g. of alcohols (using acid catalysts) or alkyl halides
(using base). The two common mechanistic pathways you have encountered before are E1 and E2.

E1 - two steps > stepwise reaction, cation formation followed by loss of a proton

C-H bond must be in the same plane
as the empty orbital for elimination.
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associated problems > re-arrangement of the cation

E2 - one step > concerted reaction, occurs via the lowest energy anti periplanar (a.p.p.) conformation

R LG R MG 2 an anti elimination:
"y LR = y R —— Hmust be a.p.p. to
R ¥ Y H - bromide for elimination.

associated problems > may have competing substitution pathways if base is also nucleophilic



- Syn elimination - the Ei reaction 3a
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An alternative to the E1 and E2 elimination mechanisms is the Ei process. Here the i stands for
intramolecular. These eliminations are thermally driven and, depending on the functional group, may
need high temperatures to work. Amine oxides are examples of such a leaving group.
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These reactions are stereospecific concerted processes, like the E2 mechanism, but occur from the
less stable syn periplanar conformation. The syn periplanar conformation is an eclipsed (less stable)
conformation and so explains the need often for higher temperatures.
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‘The Chugaev reaction 3b

The Chugaev (Tschugaeff or Tschugaev) reaction is a thermal syn elimination of a xanthate group.
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The recent development of related sulfur and selenium chemistry means that the required temperatures
for elimination are lower, and in some cases only moderate warming is needed. The risk of double
bond isomerisation caused by higher temperatures is therefore reduced, and means that the method is
compatible with a wider range of functional groups.



‘Syn elimination of sulfoxides and selenoxides 4a
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Sulfoxides, and the related selenoxides, can be prepared by a variety of methods. The thiclate and

selenate ions are excellent nucleophiles and participate in Sp2 reactions. Thio and selencethers can
be then be oxidised very easily with a range of oxidants.
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An alternative approach is by the reaction of organometallic reagents with disulfides or diselenides,
with the latter acting as electrophiles.
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Selenoxides with a B-hydrogen are thermally unstable and readily undergo the syn elimination

process. Usually the selenoxides are not even isolated as they spontaneously undergo the elimination
at room temperature.
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Where there is a choice, the thermodynamically favoured E alkene is formed as it comes from the more
stable of the two possible syn periplanar conformations.



‘The Peterson Olefination 5a
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The Peterson olefination was developed in the late 1960s. It involves the elimination of a B-trialkylsilyl
alcohol and can be conducted under either acidic or basic conditions.

Svnthesis of silyl alcohols

Silicon is much more electropositive than carbon and so the C-Si bond is polarised towards the carbon.
A silyl group can be used to stabilize a carbanion «- to the silicon atom.

M The stabilization of a negative

90 charge o- to silicon has been
. attributed to contributions from
Si—C OS-IT-OCV the overlap of the carbon-metal
o bond with the ¢* orbital of the
c" C-Si bond, and / or overlap with

g a silicon d orbital.



