Chapter 9: Addition Reactions of Alkenes .
[Sections: 9.1-9.8] { E'Zf(vTROF”‘ L
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pi(m) bond is weak (compared to sigma (o) bond)

clouds of electron density above and below the plane defined by the atoms of the molecule
alkenes are electron-rich, and therefore good electron donors

susceptible to reaction with electrophiles

Relative reactivities of alkenes
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* electron density of the pibond increases with increasing substitution about the double bond
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rate of reaction with electrophiles

* remember: earlier we determined that increasing substitution about the double bond increased stability!
* thus, if we have a set of isomeric alkenes, the most stable isomer is also be the most reactive towards
electrophiles!
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* generally exothermic since two szgma bonds are formedat the expensé of a broken pibond
* initial protonation favors formationof the more stable carbocation intermediate

e the carbocation intermediate is trapped by the halide nucleophile to formthe final product
¢ since the most stable carbocation intermediate is the more substituted carbocation, the final product
corresponds to the nucleophile (the halide) being attached to the mo%bst uted carbon of the C=C bond

e this zs called Markovmkov addxt:on
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* as with ANY reaction that involves carbocation intermediates, be aware that rearrangements of the

intermediate carbocations to more stable carbocations might occur!
Problems: 1 (Alkenes + Reagent A), 2
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Acid-Catalyzed Hydration
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* either H,SO, or H3;PO, are utilized forthis reaction. Both have non-nucleophilic conjugate bases
* the net result is addition of H,O across the double bond

* since a carbocation intermediate is formed,thi OH group ends up at the mqre substituted carbon
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¢ this is Markovnikov addition
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* there is actial never a true carbocation mtermea'zare s0 ther no rearrangements possible

* the net result is addition of H,O across the double bond
* this is anti-Markovnikov addition 4
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* in hydroboration hydrations, the H’idlg}{ are delivered to the same faceof the pibond ¢ , ' ' $,

* addition to the same faceof a pi bond is called "syn" addition
* this is considered to be a "stereospecific" reaction since a single stereoisomer results although two or more

might be conceivably formed Problems: I{Alkenes + Reagent C)

BH;* THF




which reagent should
be used for hydration?

A) He, H20
8) BH3 2) H202, KO
€) who cares?
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c ' * process of oxymercuration
He —4 0-Hg -0 _‘&CH‘* * tWo-step process
e result is Markovnikov hydration without possibility
of rearrangement!
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Problems: I{Alkenes + Reagent D), 3




* halogenations are addition reactions

* generally exothermic since two fairlystrong C-X
H : H Cl Gl cl % bonds are formedat the expense of a broken pibond

and a weak X-X bond
H * Br, and Cl, engage in reactivity. F, is TOO reactive
H and 1, is too unreactive
* NOTE: HX reactions and X, reactions are
ompletely different!
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* bromonium ions are very strained intermediates due to angle strain and the factthat a positive charge is
Jforcedonto an electronegative atom

* bromonium ions are very reactive and seek to eliminate the characteristics that contribute fo the strain

* reaction with Br—to formthe 1,2-dibromide relieves these sources of strain

* the net result is addition of the two bromine atoms onto either faceof the original pibond

e such addition is referred to as "anti" addition
* the reaction is therefore stereospecific ﬁw e W h - U N RE» C«'ﬁvr
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Problems: 1{Alkenes + Reagent F)




Hydrogenation

\..' H H H * hydrogenations are addition reactions
e strongly exothermic since two strong CH sigma bonds
', . H—=H are formedat the expense of a broken pibond
—> * no reaction occurs in the absence of a suitable catalyst!
H H metal H * the typical catalysts are Pd®, Pt°, Rh° or Ni°
catalyst H H

hydrogenation reactions

* the catalyst breaks the strong H-H bond

and formsmetal-H bonds which are much

more reactive

* both hydrogens are delivered to the same
faceof the pibond

* this is another example of syn addition

* hvdrogenations are
stereospecific

Problems: 1{Alkenes + Reagent E}, 5,6




