Chem 350 Jasperse Ch. 8 Handouts 1
Summary of Alkene Reactions, Ch. 8.

Memorize Reaction, Orientation where Appropriate, Stereochemistry where
Appropriate, and M echanism where Appropriate.

-all are drawn using 1-methylcyclohexene as a prototype alkene, because both orientation and
stereochemistry effects are readily apparent.

Orientation Stereo Mechanism
1 HBr Br ,
Markovnikov None Beableto
(no peroxides) draw
completely
2 CHa
Her ~=H Anti-Markovnikov Nonsdective. Beableto
peroxides Br Both cis draw _
both cis and trans and trans p_p_g_stro Sa aton
3 Ho0, H* Sal
O/ 2> =0 Markovnikov None Beableto
draw
completely
4 1. Hg(OAc), HxO A
O/ 2 2 ety Markovnikov None Not
2. NaBH4 responsible
5

(7))

1. BHgTHF Lt , , .
O/ i:[ Anti-Markovnikov  Ci Not
2. H,0,, NaOH OH responsible

6 1. H CH
. Hg(OAc),, ROH : .
O/ O‘O% Markovnikov None Not
2. NaBH4 responsible

O
)

Not

D ~H responsible
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8 Br2 ‘\Cgrs
: (or Cly) i: '»,:H

Br

’ O/ Brz, Hz0 SOk
(or Cl) (I H

Br

10 CHs

PhCO3H

T O
H

1 CH4CO4H Ch,
O/ H,0 CEH

-

OH

12 CH
B

0s0y4, H0; =0
H
H 2. MGQS O

H™ ™0
Note: H-bearing alkene carbon
ends up as aldehyde.

14 @\/ KMnO4
|
’ o)

OH™ ™0

H-bearing alkene carbon
ends as carboxylic acid

Orientation

None

Markovnikov

None

None

None

None

None

Stereo

Trans

Trans

@)
)

Trans

@)
)

None

None

Mechanism

Beableto
draw

completely

Beableto
draw

completely

Not
responsible

Be ableto
draw
add-
catalyzed
epoxide
hydrolysis

Not
responsible

Not
responsible

Not
responsible
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Summary of M echanisms,

Ch. 7+ 8.

Alkene Synthesis and Reactions.

1 @/ HBr OABr
(no peroxides)

Note: For unsymmetrical alkenes,
Cf\@“ protonation occurs at the less
H Cati substituted alkene (_:arbon so that
Protonate aton the more stable cation forms
Capture

+ Br product stability-reactivity principle

(3°>2°>1°), in keeping with the

2 CHs
HBr Of:H
peroxides Br

both cis and trans

/‘\ *Br /\‘H—(E}r Note 2: Hydrogenation of
_— , + epr | the radical comes from either
H  Brominate HBr Hydrogen Br face, thus cis/trans

Transfer H mixture results CH3

Note 1: For unsymmetrical alkenes, p/, C(

bromination occurs at the less

| CHs CHs3 cis H
substituted alkene carbon so that VS @

the more stable radical forms @ ' ‘ Br bottom H
(8°>2°> 1°), in keeping with the H ™~ »
product stability-reactivity principle 3° 20 H

~CHs
' 'Br

trans H

2\ @ H

H B a

Protonate

Cation

Capture H Deprotonate

I

H

Note: For unsymmetrical alkenes, protonation again occurs at the less substituted end of the
alkene, in order to produce the more stable radical intermediate (3° > 2° > 1°)
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4 1. Hg(OAc),, H,0 S,
O/ 2. NaBH4 O‘

@% OAc '/\OH &N @
9 2 (@] OH
Cation HgOAc HgOAc
@o Ac H Capture H Deprotonate H
Na
Hg(OAc), l l @
OH
H
5 O/ 1. BHg'THF Lt
2. H202, NaOH Ii:EOH
CHs  H,0,, NaOH CH Notes
“~H 2H 22 s a. concerted addition of B-H across C=C
| ” O: ‘ -explains the cis stereochemistry
BH, BH, @ b. the B-H addition is Markovnikov; the
B is 8+, the H is &-
¢. The H,0,, NaOH process is complex,
but replaces the B with OH with complete
retention of stereochem
-the explains why the cis stereochemistry
established in step one is preserved in step
CHF—Z

6 1. Hg(OAc),, ROH CH
O/ 2. NaBH4 O‘

O(‘ HgOAc CE@SJ HOCH3 %’\ZH?) e OCHjg
OAc 822?[?@ HHgOAC Deprotonate HHQOAC

Hg(OAc), u Nadlt

OCHj
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CH
O - L
(or Cl) ~H
2 Br
~ /—\ O : 3 Notes
Br—Br Br@ = Br 1. Cation intermediate is cyclic
H . Br bromonium (or chloronium) ion

Cation 2. The nucleophile captures the
H H
Capture bromonium ion via backside attack
-this leads to the trans stereochemistry
3. The nucleophile attacks the bromonium
ion at the *more* substituted carbon
H
? O/ Brp, H,0 thoﬁ
(or Cly) —H
2 Br
- H
X H G =
Oﬁi BriBr C( : %\H -H@ . _OH
H Cation ' Br . Br
Capture H H

4 Notes
1. Cation intermediate is cyclic bromonium (or chloronium) ion

2. The nucleophile captures the bromonium ion via backside attack (ala SN2)
-this leads to the trans stereochemistry

3. The nucleophile attacks the bromonium ion at the *more* substituted carbon
-this explains the orientation (Markovnikov)

a. There is more + charge at the more substituted carbon
b. The Br-C bond to the more substituted carbon is a lot weaker

More -H
Substituted Br
End

CH3

C(\\Br ® Less
Substituted
End
C[Br [ ]

4. Alcohols can function in the same way that water does, resulting in an ether OR rather than
alcohol OH.



Chem 350 Jasperse Ch. 8 Handouts

6
10 PhCOgH Chs
T O
H
ONE CHy H O H,
™ I ¥
@io/ STEF Oo + OQ(O 6"
\'\‘ O
0 No Ph o5—
ions H Ph
Ph Carbonyl-hydrogen
Hydrogen-bonded reactant
Notes
1. Complex arrow pushing
2. No ions required
3. The carbonyl oxygen picks up the hydrogen, leading directly to a neutral carboxylic acid
-The peracid is already pre-organized for this' via internal H-bonding between carbonyl and H
1 CH4CO4H Ch,
O (L
OH
ONE {Ha_\ : @H :
e OF = g, G - O
Cation v OH CEOH
|ons Capture H H
3
Notes:
a. The nucleophile (water) attacks from the more substituted end of the protonated epoxide
= More 0+ charge there
= The C-O bond to the more substituted end is much weaker
b. The nucleophile adds via Sy2-like backside attack. Inversion at the top stereocenter, but not the
bottom, explains the trans stereochemistry.
12

O’\,O
‘\/

Os (VIII)

Concerted
cis addition

CH

10504 He0; Dte}?
—=1L,

H

H

H,O CHg
p— O-‘:OH
. ~OH
Osmate >HO
Ester
Hydrolysis

HO.. //O
_Os_ Os (V)
HO™ “p
Osmium
uu H202  Reoxidation
o. .0
:bs//\ + HQO
o’ "o
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Chapter 7 Reactions and Mechanisms, Review

E2

On
R-X,
Normal
Base

E2,

On

R-X, Bulky
Base

Acid-
Catalyzed
El-
Elimination
of
Alcohols

Br Mech:
Ej/ NaOCH,
(Normal +H-OCH3 OCH, o
base + H-OCH; + Br
Notes

1. Trans hydrogen required for E2

2. Zaytsev elimination with normal bases

3. For 3°R-X, E2 only. But with 2° R-X, SN2 competes (and usually prevails)
4. Lots of “normal base” anions.

Br  NEtsor Mech:  (“Br H, NEt <
O/ KOC(CHa)g (j% @é\ H/—\ 8 O/ + EtgNH
(Bulky

bases)

Notes:
1. Hoffman elimination with Bulky Bases
2. E2 dominates over SN2 for not only 3° R-X but also 2° R-X
3. Memorize NEt; and KOC(CHj3)s as bulky bases.

OH
H,SO
O/ 2SO, O/ +H-OH
Mech
@
TN M2
OH  H,SO -
29Uy O/ H20 Deprotonation @\/
- . H
(j +Hs0® | Elimination H QS&? :
+ OH2 +HQSO4
Notes:

1. Zaytsev elimination
2. Cationic intermediate means 3° > 2°> 1°
3. 3-Step mechanism



