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Alkene Addition Reactions

St

Nucleophile reacts at H CH@
carbon that forms most o
stable carbocation H H

OH
H, ?
1 Ho(OAe)
H
H

No rearrangement'

CHjy HyPd-C H $Cp|3
>=< > W7
H H H H
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Give a synthesis of the following alcohol:
« Use electrophilic addition to an alkene as the last step.
Start with any compound with four carbons or less.

« Use any inorganic reagents you need. )
*  You will need more than one reaction. Y\/\
) 3 OH
Which of these routes is best? <
1. Hg(OAc),  H, Br” "\ NaNH,
B - - -

2.BH, Pd

B H,0 Na g7 " NaNH,

- - - - H CHj
H,SO;  NHj
C LHIOAc, H, Br/\/\ NaNH, _
- - - -— H———H
2.BH, Lindlar
H,0 H N NaNH
2 2 Br 2 —
D ~— - - - H—CH3
H,SO4 Lindlar
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Alkene Addition Reactions

CHs

P e
H CH
SH /
1. Hg(OAc),
H‘: 2. BH4

Regiochemlstry? H CHs Ha/Pd-C St
~, T
H

H H H H
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Synthesis of Alcohols from Alkenes

Oxymercuration and acid-catalyzed hydration have the same regiochemistry.|

1. Hg(OAc), H
2 NaBH4
OH
H
H IH;O
OH
But what if you want the primary alcohol?
How do you switch e e e NN

the regioselectivity?
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An acid will add to the less-substituted carbon...

pra L NN
AANNFA T — s A

...to make the more stable 2° carbocation

http:/www.webelements.com/
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Boron can form stable bonds with carbon
Tricoordinate Boron compounds are Lewis Acids.

Can Boron-containing compounds add to alkenes?
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H,, borane, has an empty
p orbital and is a good Lewis acid.

H— B..n\\ H
“NH
LUMO
T *
HOMO
S The ethylene 7 orbital acts as a

Lewis base and attacks the empty
B p orbital

39




11/4/2009

Alkene Hydroboration A Hydroboration-Oxidation
H B
A tBHs —» N\ BH: )_/ AN B — = N\ B
Q,‘ti\H H3C
H=B™
J N
a hydride shift
”‘B£: A H
) NN
w” ‘ 3 A~ _OH l N
& Gives the
First approach, rimar Hz0,
not very stable p y NaOH
alcohol
B
Steric interactions are also Which borane is /\/ S
g q tripropylborane
thought to be very important in more stable? an example of a triakylborane
directing the regioselectivity. 0 “

Hydroboration-Oxidation

OH
1. BHj
repeat 2 more times e \
B%o/\/)3 o O/H —_—

/\/B“'\o/\ unknown alkene [ 2- NaOH/H202
3NaOH J

H,0

Draw the best alkene starting reagent you could use

for the synthesis of this alcohol.
O/H
3 /\/OH + NazBO3 E‘

AR T
H,0, .0
r:k H :9_%
/ A B. C. D.
NN

tripropylborane
an example of a triakylborane
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Alkene Additions

Alkene Additions
H chg H ;Cﬁa
H oH M Br
H CHs
>—<‘* g 1.Hg(OA|:);\EZSOO * / HBr
H 2. BHy
H O <

: »Br
H CH; H, H ‘?C“; "Er

+ enantiomer
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% o (S) HOMO "

Diatomic MOs
for Br,
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~ Which HOMO-LUMO
End on addition  jpteraction is allowed?

' Side on addition
-
4 _ _ ' *
G* = LUMO ' :‘JI‘ &
BI‘2 ‘ S Brz

" "

‘=, T
W,

Side on Br, addition is symmetry forbidden.
End on addition is allowed.

' )
x . o LG
A ‘ P o S
C.H, ’ ‘

" 4
T IH\' = HOMO -.

S ~~ HOMO ‘ »

Br,
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If end-on addition is the allowed pathway, which is the

correct mechanism?
H H BrB Br
H H Br
.. 0
y B
H ‘B Br
B. /S/\ — U ~ )\/\
H H Br
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Bromonium lons
« Bromonium ions were postulated almost 70 years ago to explain the
stereochemical course of the addition (to give the trans-dibromide from a
cyclic alkene.
+ Olah showed that bromonium ions are stable in liquid SO, with SbF; and
can be studied directly

.
HaC ~Br Bre
HyCalid | SbFg AN
— Liquid 50 - George A. Olah
s 4 \'CHy 2 HyC e \H CHy (b, 1955, Budapest)
Mo University of Southern California

Nobel Prize “for his contribution to
carbocation chemistry.” (1994)
picture from http://nobelprize.ors 5o

Bromonium ion
(stable in S0; solution]
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Stereochemistry of halogen addition to alkenes

Cl,, Br,, undergo anti- addition

What are the stereochemical descriptors for the
product of Br, addition to (E)-2-butene?

Is the product of Br,to (E)-2-butene chiral?
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Stereochemistry of halogen addition to alkenes

59
Br:
'i3r/Br H BC:) o /Brk/
%o e S S: + R
X > T —_—
H Br Br

Br Bé
= R + :
° /HI‘{.“Br /\I;Br
g S
racemic
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Stereochemistry of halogen addition to alkenes

Bre
A Br B
trans H Br Br
stereospecific
Br .o ©

Br

B’ Br:
~ .8 i :
g + =
/ﬁ )\rH /H.“-Br /\rBr
cis
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Draw the product(s) that result from
bromination of cyclohexene.

Br Br
+ enantuomer + enamlomer

iii.

stereochemistry?

A i B. ii C. iii D. i,ii

E. i,iii F. ii, iii G. 1, i, iii
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Alkene Additions

H CHs H

; SH
H H Br H
H
#
¢ 1 Haloach L 37(
H
H
Ho} gcﬂﬁ 1.BH, Ho CH Ho St
7
HY 2.H,0,/0H" : : H : :
H H H H

H H

P

ich product is formed when water is added to the

K’“

eaction?
Br2 Br .
/\/ - A + enantiomer
H,O: :
OH
Br . ti
B. /k/ enantiomer
OH
Br
C.
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Stereochemistry of halohydrin formation

“Br-OH”, “Cl-OH”
undergo anti- addition

Regiochemistry of halohydrin formation

.. O
B
Br H-= O- Br Br
4 Br K(\ \\l/\
_> .
'o H :0-H
H 'ér"
H
? Which bond is weaker?
H @‘Br"
H)\‘/\ “BI'—OH”, “CI_OH”
H undergo anti- addition ,

Regiochemistry of halohydrin formation

..0
Br: ® .
g H-O: B
. Br ‘B | r Br
:Br,/ H Br Y
L .
\/\ H Jo
H “Q7H O—H
H
weaker bond
“BI‘—OH”, “Cl'OH”

undergo anti- addition




