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“ Sesgler’s Picks’
Recommended Problems for Those Cramming for Exam 11
(Note: Asaways, those not on thislist are still fair gamel!)
3.9, 3.10, 3.11, 3.15, 3.16, 3.19-3.22, 3.28-3.30, 3.31, 3.35, 3.36
5.11-5.14,5.17,5.18, 5.20

6.15-6.17, 6.19-6.22, 6.24-6.27, 6.29-6.33, 6.36, 6.37, 6.39-6.42, 6.47,
6.49

(.2,75,1.6,712-7.17, 7.19-7.24



Oxidation and Reductions of Alkenes

 Earlier we saw how p bonds reacted as L ewis bases (el ectron
donors) with electrophiles.

 Now we consider oxidation & reduction reactions of akenes.



Reduction

Review: catalytic hydrogenation: certain transition metals,
especially: Pd, Pt, and Ni catalyze the addition of H,to alkenes
and strained hydrocarbons.

1) Hy
H,C=CH e H.C-CH
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but:
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These catalysts are not very selective. It isnot generally possible to
stop at the alkene stage in reducing alkynes unless the catalyst is
poisoned to make it less active. Thisisnot our problem yet, but will
be when we get to adiscussion of alkynes. Still, it isniceto seethe
chemistry involved since it shows how catalysts can be modified.




2) A popular poisoned catalyst is Lindlar’s catalyst in which
palladium is deposited on BaSO, and then treated with
guinoline a chemical cousin of pyridine.

(oo )

H, H, PIBaSOs 4 e

c— " CH,CHs
HeC-C —==—C CHy * H; guinoline H> <H
95%
notice how cis akeneis formed (2)-3-hexene

Y ou can now see a second reason for showing this. It provides
away of making cis alkenes!



3) A second popular, less active, catalyst isWilkinson's
hydrogenation catalyst. Thisis an homogenous catalyst
In that it dissolves into the reaction mixture.

@ P Wilkinson' s hydrogenation catalyst

P-Rh-ClI

3 p RhCI[P(CH:)4l5

©)

The mechanism of action involves organometallic
Intermediates (species with carbon bound to metals) and is
actually quite complex. You are not required to know it.

Y ou should know that Wilkinson's catalyst is very selective:
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pentane



Stereochemistry of Hydrogenation

Catalytic hydrogenation is
stereosel ective favoring syn-addition

cis-1,2-Dimethyl- trans-1,2-Dimethyl-
ex: cycloheane cycloheane
(a)
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Mechanistic rationalization for
syn-addition
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Enantiosel ective Hydrogenation:

Here, key idea isto make a soluble hydrogenation catalyst that
has a defined stereochemical configuration. The transition state
IS thus expected to be diastereotopic and thus favoring the
formation of one enantiomer.

How to make the catalyst:
(.., O3,
S9SN ¢es
(S)-(-)-BINAP (R)-(-)-BINAP

RUC|2
(R)-(-)-BINAP (R)-(-)-BINAP-Ru(ll)

Two Sample Reactions:
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CHj CHj
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3

(E)-4,8-Dimethyl-3,7-nonadien-1-ol (R)-4,8-Dimethyl-7-nonen-1-ol



Oxidation of Alkenes

1) Oxidation of akenes with agueous potassium permanganate

OH
_ . b coddi.KMnO, b b a )
In the presence of cold, dilute KMnO, Doy Jc—c —
o a a & OH OH? b a
ag. alkenes are oxidized to glycals.
OH
Note: syn addition vincinal diol
glycol

Mech: Key step isformation of cyclic mangate ester.

>7:C\ > <
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Oy, O \M'{O Mn(v) My P
M (v (o ° 0
Mechanismis -0° o
fair game for
final but is not . el “>ﬁ A
on Exam I oy g o S
Mn=o (o o 7 \So Since MnO, is purple and
" WR_ o MnO;islight brown; this

color change can be used
to assay for the presence
of an alkene: Baeyer test.

Mn(IV)

+ MnO3_ —_— > Mn02

HO OH manganese dioxide



2) A similar reaction occurs with osmium tetroxide: Since
osmium tetroxide is very toxic and very expensive, one usesit asa
catalyst only, and some other oxidizing agent. Peroxides work
well.

H
1. 0sO, ' »OH
o 12 (T
2. Hzo | OH
H
58%

The key intermediate is the
osmate ester:

O\ //O QuickTime™ and a
Os Sorenson Video decompressor
PN
@) @] are needed to see this picture.



General cases

:0 Jetl
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= / ]\ o 1,2-Glycol
Not isolated Lo
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Specific examples

0 O:
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/
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Can be isolated,

but often is not

- . Ha: :6H
H,O: \
Ty .-—-—"C_"C — + H2D504

Na,S0, / \

1,2-Glycol

works well but toxic |

KMnO,
CH,OHMH,0
NaOH, 20 7C 107"

(85%)

0s0O,
—_—
/
\
0,0s—©
(96%) (81%)

» These metal-containing five-membered rings can react further to
generate 1,2-diols, which are also called 1,2-glycols (a.k.a. cisdiol).

e OsO, used catalytically with hydrogen peroxide or (CH;);O0H (t-
butyl hydroperoxide) as main oxidant.



3) Cleavage of carbon-carbon bonds by permanganate. Thisis not
In book but expected knowledge.

a) Alkenes are cleaved by warm, acidic solutions of KMnQO,

(ag.) to give carboxylic acids, ketones or CO, depending on the
structure.

R Rz KMmno, R 0

>:< > >:O + )]\
Rl H SOOC, Hzo Rl HO Rz
AcOH
KMnO,
R_C:CH2 > RCOzH + C02
50°C, H,0

AcOH

Yields generally low, so not useful preparatively. However, this
chemistry isvery useful to establish structure.



4) Ozonolysis of alkenes

Ozone, O, from electric discharge on O,

+|'

+'l-1-
O 0 0 L ewis dot resonance
9\0; - —:5/0‘*“% 7 NG~ +:D/9\--_—

k- (¢ S 0: contributors.

Ozone (O;)

Reaction of alkenes with ozone gives rise to a molozonide (primary
ozonide) which rearranges to an ozonide.

+ + X
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/07 molozonide \ 0 T
Ozone A primary ozonide A carbonyl The final ozonide
oxide

Ozonides can be isolated, but often explode, so decomposed in situ
either reductively or oxidatively.



e <+ (Thisisthelightning reaction responsible for “thunderstorm smell”)
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1,3-dipolar
addition carbony!l
reaction
Fe— compounds.
Y forward i
— s 1,3-dipolar
R B N addition /\
:ﬁ: :?; fip //\_/'| reaction \\ /, \\ /
T \ 10 4 S ) \
/S

\
In the formation of the final ozonide from ozone and an alkene, steps 1 and 3 are so-called

1,3-dipolar addition reactions, where one part of the incoming molecule is the electrophile
and the other the nucleophile. Step 2 isareverse 1,3-dipolar addition.



a) Reductive work-up: (CH,),S (most popular), but aso Zn° H,/Pd, etc.

CH40OH (CH5),S O
CHy(CHz)s=C=CH,  * O3 CHy(CHps~CH  +  CH,
-60°C o)
n-heptanal formaldehyde
+
Q
H;C—S—CH
Oz, CH30H  (CH4),S OH 3 3
- (/\i DMSO
-60°C oH

1,6-hexanedial
62%

b) oxidative work-up:

@) . .

@ O3, CHzOH  H;0, CiOH Because of explosion risk,
-60°C HCO,H OOH oxidative work-ups are

1,6-hexanedioic acid general ly not as common.

(adipic acid)
1/2 of nylon




Structure Determination by Ozonolysis

Upon reductive work-up, get two carbonyl-containing compounds

or other reducing agent: Pd/C and H,, Zn°

Y
RO Re 05 CH;0H R

3 3 (CHg)ZS >_
= - - =0 + o<
Ri Rs  eooc Ry

* You can see that for terminal alkenes (R, and R; = H) you get
formaldehyde and either an aldehyde or ketone depending on
whether R or R, isa proton or both are alkyls.

 For internal alkenes 2 aldehydes, an aldenyde and ketone, or two
ketones are possible. Try problem 6.13 for practice.



MAKE SURE you understand KMnQO,,
OsO, and O..

At this point you do not need to know
the mechanisms. However, you do need
to know the reactions “ backwards and
forwards’ so you can use this chemistry
to solve structure determinations.

Now, on to Chapter /...



New Chemistry. We Must Explain: What’'s Going on Here?!

{_|';H3 C|3H3 CH,
Cl
CH e CH + H,C—C—CI
PN
Hc~  CH, Mv.35 HsC CH,CI
CHy
Isobutyl chloride tert-Butyl chloride
(64%) (36%)

The photochlorination of isobutane gives tert-butyl chloride and isobutyl chloride.
For achlorine atom, abstraction of atertiary hydrogen is favored over abstraction of
aprimary hydrogen by afactor of about 5 on a per hydrogen basis.

Br.
CH3CH,CH,CH, - 12; CH3;CH,CHCH; + CH,CH,CH,CH,Br
v,
Br
(98.2%) (1.8%)
?Ha THS C|3H3
Br,
CH ———— H,C—C—Br + CH
P i X ; 3
HAC CH, v, 127 | HC~ CH,Br
CHj
(~100%) (~0%)

Photobromination is far more selective than photochlorination

CHs HI

CH
H3C’ CH3 hn

NO REACTION

lodination = No reaction...explain these findings!!



