Chem 341 Jasperse Ch. 7 Handouts 1

Summary of Alkene Reactions, Ch. 7.
M emorize Reaction, Orientation where Appropriate, Ster eochemistry where
Appropriate, and M echanism where Appropriate.

-all are drawn using-inethylg/clohexene as a prototype alkene, because both orientation and
stereochemistry effects are readily apparent.

Orientation Stereo Mechanism
1 HBr Br _
Markovnikov None Be able to
(no peroxides) draw
completely
2 CHs
Her O:H Anti-Markovnikov Nonselective. Be able to
peroxides Br Both cis draw_
both cis and trans and trans propagation
steps.

3 H,0, H So
O/ 2= =0 Markovnikov None Be able to
draw_

completely

4 1. H &H
. Hg(OAc),, H,0 2 .
O/ — OH Markovnikov None Not
2. NaBH4 responsible

5

1. BH¥THF L£Hs _ _ _
O/ O: Anti-Markovnikov Cis Not
2. H,0,, NaOH OH responsible

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

7 Ho. Pt CHj
@\/ 2 O:H None Cis Not
D ~H responsible
D

¥ Pd/C or PtO, can be used instead of Pt
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Orientation Stereo
8 CHj
Br B
O/ 2 O:Br None Trans
(or Cly) —H
Br
9 CH
Br,, H,0 B .
O/ 2 2 O:OP" Markovnikov Trans
(or Cly) —H
Br
10 PhCO3H £hs
@/ 3 @O None Cis
H

¥ other RCGQH work

11 CH3CO4H CHs
3 3 ~
OH None Trans
H,0 ~—=H

12 CHg
0s0y, H20; “«OH None
= OH
H

¥ oxidant ONMOOQcan replace H,0,

13 1. 0,
(') None None
4 2. Me,S

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

@)
»

¥ Zn/Hx0" can replace M&

14 KMnO4
[
@\/H o None None

OH™ ™o

H-bearing alkene carbon
ends as carboxylic acid

Mechanism

Be able to
draw_

completely

Be able to
draw_

completely

Not
responsible

Be able to
draw
acid-
catalyzed
epoxde
hydrolysis

Not
responsible

Not
responsible

Not
responsible
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Summary of M echanisms, Ch. 6 + 7.
Alkene Synthesis and Reactions.

1 @/ OLBr

Sn - BNC AR
H ) Cation

HBr

(no peroxides)

Protonate
H Capture
+ Br@
2 CH3
HBr O::H
peroxides Br
both cis and trans

H  Brominate Br Hydrogen

H Transfer

Note: For unsymmetrical alkenes,
protonation occurs at the less
substituted alkene carbon so that

C@
the more stable cation forms

H (3Y» 2¥> 1%, in keeping with the
product stability-reactivity principle

CHj CHj

3Ya 3 2Ya

Note 1: For unsymmetrical alkenes,
bromination occurs at the less
substituted alkene carbon so that
the more stable radical forms

(3¥#» 2% 1%, in keeping with the

product stability-reactivity principle 3Ya H

Sy

72N

H  Protonate @ Cation
H Capture

Note 2: Hydrogenation of
+ epr | the radical comes from either
Br face, thus cis/trans
H mixture results CHs
uH
top - Br
CHs - cis H
S. @ bottom
! IBr \ ¢H
H H . CH3
2]/4 Ty 'BI’
trans H

@.H
d;o\H W2 OH
H

Deprotonate H

Note: For unsymmetrical alkenes, protonation again occurs essubstituted end of the
alkene, in order to produce therestable radical intermediate (8'2¥2 1%



r

E?—lgOAc ’/\

Cation
Capture

r

QH

H B

3~
BH2 BH2

r

Oﬁ‘ HgOAc CEGSJ
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1. Hg(OAc),, H,0

2. NaBH4

-OAc

Hg(OAc),

1. BHg¥THF Sh
2. H202, NaOH O:OH

Hs

1. Hg(OAC),, ROH

2. NaBH4

HOCH;
Cation
OAc Capture
Hg(OAc),

H

O;o

Cng_'

OH,

CHs

H,0,, NaOH

CH

~F

R

@H
[0} e OH
HgOAc HgOAc
H Deprotonate H
ll NatfH)
OH
H
Notes

a. concerted addition of B-H across C=C
-explains the cis stereochemistry

b. the B-H addition is Markovnikov; the

B is 8+, the H is &-

c. The H,O,, 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

@H
ON
CH, e OCHj
HgOAc HgOAc
H Deprotonate H
ll NatfH)
OCH34
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=

@ : Br
Cation C : +'Br

3 Notes

1. Cation intermediate is cyclic
bromonium (or chloronium) ion
2. The nucleophile captures the

H
Capture H bromonium ion via backside attack
-this leads to the trans stereochemistry
3. The nucleophile attacks the bromonium
ion at the *more* substituted carbon
@/ Brz, Hzo C‘E\Cgﬁ
(or Cly) H
Br

Brfl‘?»r K\OH : %H ® :
— Br® ? H o -H _OH
H O

4 Cation ' 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 ngleophile 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 B¥C bond to the more substituted carbon is a lot weaker

More OH
Substituted
End

C|-|3

C(‘\Br ® Less
Substituted

4. Alcohols carfunction in the same way that water does, resulting in an ether OR rather tha
alcohol OH.
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CH
10 PhCO3H S8
(o
H
" #+
) ONE :\CH3 N @H\
STEP' ! o)
|ons Ph
Carbonyl-hydrogen
Hydrogen-bonded reactant
Notes

1. Complex arrow pushing

2. Noions required

3. The carbonyl oxygen picks up the hydrogen, leading directly to a neutral carboxylic acid
-Theperacid is already prerganized for thisvia internal Hbonding between carbonyl and H

11 CH3CO3H £

= pH

ONE @_\ T @ :

@f?} STEP! /\H C( y C:(O\H -H® aOH
O No Cation \'OH (:EOH

ions Capture H H
CHj;

Notes:

a. The nucleophile (water) attacks from the more substituted end of the protonated epoxide
I More!+ charge there
I The GO bond to the more substitutedd is much weaker

b. Thenucleophileaddsvia Sy2-like backsideattack. Inversionat the top stereocentelut notthe
bottom, explains the trans stereochemistry.

CH

10504, Hy0;, Ooh
— (L
H
Concerted _ CHg = HO cHy | o
\\'\,O cis addition : O:Os// — —OH|, H :Os/i Os (VI)
\/ - (0) \\O o = OH HO \O
O 4 smate 4
Ester H.0, Osmium
Os (VIIl) Os(Vl)  Hydrolysis u 292 Reoxidation
O:\()S//\O +H20
AN
o O

Os (VIII)
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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:
NaOCH,
(Normal +H-OCHs OCH *H- OCH3
3
base) @/ ) Br
Notes

1. Trans hydrogen required for E2

2. Zaytsev elimination with normal bases

3. For 3'R-X, E2 only. But with 2RR-X, Sy2 competes (and usually prevails)
4. Lots of Onormal baseO anions.

Br  NEtzor Mech: rH
2 NEt
(j/ KOC(CHj)3 (B\C\Hf\ 3 (f +Et3NH@Br@
(Bulky
bases)

Notes:
1. Hoffman elimination withBulky Bases
2. E2 dominates ove®y2 for not only 3'R-X but also 2R-X
3. Memorize NEt and KOC(CH); as bulky bases.

®
OH  H,SO
22Uy O/ H.0 Deprotonation O(
. H
@ hellc o "

+H,S0,
Notes:

Elimination
iminati H @
+ OH,
1. Zaytsev elimination

2. Cationic intermediate means 3%z 1V4
3. 3-Step mechanism
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Ch. 6, 7 Reactions of Alkenes

Introduction: 6.7

CHs

CH4
O[ + A-B Ct:i Addition Reaction
H

H
1. Thermodynamics: Usually exothermic
I 1" +1# " 2# bonds
2. Kinetics:" bond is exposed and accessible

Generic Electrophilic Addition Mechanism

CHj CHj CHj
CHs Cation Cation
AR RS B | ys A
¥ '+ 1" Formation A Capture A B
/i/ or
CHs cH CHs
A Doesn't Happen }\ B
Because o @+ B@ _— A
H Inferior Cation A
C Product H E H
Forms D

2 Steps: Cation formation and cation capture
¥ Cation formation is the slow step
o Cation stability will routinely determine the orientation in thetfstep
I Which is preferredA" B orA" C?
¥ Often the cation is a normal catiBn Sometimes-83nembered ring catiori3 will be involved.
¥ In somecasesthe cationwill be capturedby a neutralspecieslike water),in which casean
extra deprotonatiostep will be involved

4 Aspects to Watch For
1. Orientation
¥ Matters only if both of two things are true:
a. The alkene is unsymmetrical, and
b. The electrophile is unsymmetrical

2. Relative Stereochemistry
o Mattersonly if boththe first andthe secondalkenecarbas are transformednto chiral
centers

3. Mechanism

4. Relative Reactivity of Different Alkenes
o Stability of cation formed is key
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6.7,8 H-X  Hydrogen Halide Addition: lonic/Cationic Addition in the Absence of Peroxides
(Reaction 1)

H X
N\ _ H-X | |
G I: — C—(C—
enera /C C\ Cl) Cl)
Orientation Stereo Mechanism
1 HBr Br _
Markovnikov None Be able to
(no peroxides) draw
completely

MarkovnikovOs Rule (For Predicting Products) When HX (or any unsymmetrical species
A'"B') adds to an unsymmetrical alkene:

o the H (or A'") adds to the less substituted carbon (the one with more HOs)
the X (or B") adds to the more substituted carbon (the one with moréiQm).
Note: MarkovnikovOsule doesnot applyif eitherthe alkene or the atomsthat are adding
are symmetrical

0]
0]

Examples, Predict the Products. .
Does MarkovnikovOs
Rule matter?

2 HCI
3 HI
\ —_—
4 HBr
5 HBr
6 I—Cl
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Mechanism
H  Protonate m Cation

H Capture H

+ Br
o0 Protonate first
o Capture cation second
o Cation formaton (step 1) is theost step

Rank the Reactivity of the following toward HBr addition.

- Y Y

Issue:

Why Does MarkovnikovOs Rule Apply*oduct/Stability Reactivity Rule.
o Formation of the most stable carbocation results in Markovnikov orientation

=
(Hr-Br »/\ Br
/\/‘ /@)\/@ Br@ )\/@ Markovnikov Product

2Y4 2Ya

Slow Step

For unsymmetrical alkenes,

protonation occurs at the

less substituted alkene carbon '/—\
so that the more stable cation forms B
(3va> 2¥» 1%, in keeping with the @

product stability-reactivity principle 1Y, 1Y,

O)

Br
r anti-Markovnikov Product

o0 This same logic ap@s anytime something adds to an alkene.
0 You want to make the best possible intermediate in thedetggmining step.

HBr
Draw the mechanis for the following reaction: A —
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Rxn 2. AnttMarkovnikov Radical Addition of HBr with Peroxide Initiatgno bak)

2 CHg3

Her =H Anti-Markovnikov | Nonselective.| Be able to
peroxides Br Both cis draw

and trans propagation
steps.

both cis and trans

¥ Peroxides are radical initiators, and cause the mechanism to shift to a radical mechanism
¥ With peroxidesthe orientationis reversedo ant-Markovnikov: nowthe Br addsto theless
substituted end and the H adds to the more substituted end of an unsymmetrical alkene
o0 No peroxides: Br goes to more substituted end
o0 With peroxides: Br goes to less substituted end
¥ The antiMarkovnikov radical process worksly with HBr, not HCI or Hl
¥ Theradicalprocesss faster,andwins when peroxidesmakeit possible. In the absenceof
peroxides, the slower cationic process happens.

Mechanism, and Reason for AntiMarkovnikov Orientation

Q B /\\ /A H
/\/—\ ' H—Br anti-Markovnikov Product

Slow Step 2yradical

. or
For unsymmetrical alkenes,

bromination occurs at the

less substituted alkene carbon !

so that the more stable radical forms ./\« ) @

(3¥> 2v> 1%, in keeping with the H—=Br H  Markovnikov Product
product stability-reactivity principle 1¥radical

—_—

Examples, Predict the Procta. .
Does MarkovnikovOs

Rule matter?

1 HBr, peroxides
SN

| HBr, no peroxides

2 )\/ HBr, peroxides

| HBr, no peroxides

3
HBr, peroxides

HBr, no peroxides




Chem 341 Jasperse Ch. 7 Handouts 12

7.4 Addition of HOH. Direct acidcatalyzed addition. (Reaction 3)

General: \C_C/ nmon E (é)H
e H® R
3 . CH
O/ okl ~OF Markovnikov None Be able to
draw

completely

Markovnikov : H'"OH " H adds to the less substituted efithe alkene, OH adds to the more
substituted end
¥ OH ends up on more substituted end of the alkene

Mechanism: 3 Steps.
1. Protonation
2. Cation Capture
3. Deprotonation

/H
o VN % @ oH

X /@.)\/@ OH, |
Slow Step . Cation 20 Deprotonate
2 Capture
or Markovnikov Product

For unsymmetrical alkenes,

protonation occurs at the

less substituted alkene carbon

so that the more stable cation forms
@

(8°>2°> 1°), in keeping with the Ej@ H Deprotonate E/O\H

product stability-reactivity principle 10 1°

anti-Markovnikov Product

¥ The sequencen which key step(cation capturein this case)is sandwichedoy protonon-
proton off protonatiordeprotonation is super common for acatalyzed reactions.
0 Wheneveryou seean acid-catalyzedprocessexpectto useH" in first stepand to
deprotonate in the last step
¥ Cation stability dictates reactivity
¥ Cationstability explainswhy the Markovnikov orientationoccurs. This involvesthe more
substituted, more stable carbocation product in thedetiermining step.
¥ The actual reaction is an equilibrium.
0 The reverse of alcohol dehydration to make alkenes!
0 A key drive is to havexcess water. That pushes the equilibrium to the alcohol side.
0 Underalcohol" alkeneconditionstheequilibriumis oftendrivento thealkeneside
by having no water, or by distilling off the lowboiling alkene as it forms.
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Examples, Predict ther&ducts.

Does MarkovnikovOs
Rule matter?
1 H,0O, H*

3 A H,0, H*

4 O H,0, H*
5
H,0, H*

Problems with AcieCatalyzed Addition of Water to Alkenes
1. Alkenes with poor water solubility often donOt add very well.
¥ CanOt drive the equilibrium strongly te tiicohol side in that case
¥ Solvent mixtures can often help, but not always good enough
2. Alcohol/Alkene equilibrium sometimes poor
3. Carbocation rearrangements can be a problem
4. The degree of Markovnikov selectivity isnOt always satisfactory
¥ 99:1 isomer seleidity is a lot nicer than 90:10E
o Especially if you have to purify!
5. Obviously you canOt get the reverse;Mliatikovnikov alcohol products.

Each of these limitations, when they are a problem, can be solved by alternative recipes that
indirectly add HOH.

H,O, H*

Draw the mechanism for the following reaction: )\/
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7.4 Indirect Markovnikov Addition of HDH via Oxymercuration/Demercuration. Reaction 4.

\ __ , 1. Hg(OAc),, H,0 H  OH
General: /c—c —C—C—
2. NaBH4 [
4 1. Hg(OAc),, H,0 \\CH Stereo: Mech:
O/ 22 ~Oh Markovnikov None Not
2. NaBH4 responsible
Notes:
1. Often higher yields, cleaner, fasterdaeasier
2. No restrictions
3. No cation rearrangements
4. Very strong, often superioMarkovnikov selectivity
o OH adds to the more substituted end, H to the less substituted end
Does MarkovnikovOs
Rule matter?
1 +
AN HO0. H

’ 1. Hg(OAC),, H,0

2. NaBH4

2 )\/ H,0, H*

‘ 1. Hg(OAC)Z, Hzo

2. NaBH4

H,O/H" vs Oxymercuration/Demeucation: Which should | use?

¥ Both normally give same product

¥ For predictthe-product problems, be able to handle either recipe

¥ For provide-the-right -recipe problems, | wll accept either ansver.
o H,O/H'is easier to write!

¥ Inthe real lab, the choice isadded on a casby-case basis.
o Default to HO/H" )
o Go to oxymercuration/demercurationhen direct acid-catalyzedhydration doesnOt

work as well as youOd like
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Mechanism (For interest sake. Not for memorization, not for test.)

\  Hg(OAc), @H HIOAC  NagH, OH Hi
Overall pathway: /C—C\ —(|3—(|3— —C—C—
H,0 |
"Oxymercuration" "Demercuration”

More Details for the Oxymercuration Phase

EraingOAc AOH gH ®

7 2 0. OH
O Ol = (P 2 O

H Cation HgOAc HgOAc

“OAC H Capture H Deprotonate H

Hg(OAc), l l Na@

O "Mercurinium lon" OH
OAc = "acetate" = @OJ\

Notes:

1. Odemercurati® with NaBH4 replaces the mercury with a hydrogen

2. The initial OoxymercurationO essentially adds (HgO@mh)' ", and follows Markov.Os rule

3. The interesting new thing here is the OmercuroniumO ion

4. This is normally drawn as arhg, but can also be viewed as a resonance structure of a hybrid

Mercuronium lon
CE%—%OAC
A H

Mercuronium
Ring

g H
3YLation 2YLCation

Both patrticipation from structure®s andB arerequired to explain everything
o A explainswhy you donOget cation rearrangmentsgver: you donOhave a free
carbocation
0 A alsoexplainsstructurestudies,which showthatthe mercuryis weakly bondedto
the more substituted carbon
o0 B helpsto explain why water adds to the more substitutedcarbon, which has
extensive positive charge _
o C doesnOt contribute, isnOt really involved
o In therealthing, thereis along, very weakandsuperbreakabléoondbetweemtmercuryand
the more substitutedcarbon. The bondto the lesssubstitutedcarbonis much shorterand
stronger.

"l -Complex" Perspective
P P Electrophilic @
gOAcC HgOAcC

. Adds ) H OA‘f\ }
;%; o o

"I -complex"
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7.5 Indirect antMarkovnikov Addition of HOH via Hydroboration/Oxidation. Reaction 5.

\ 1. BHg¥THF H BH, 2 H,0,,NaOH H OH
Overall pathway: /C—C

S —C—C— —C—C—
"Hydroboration" | | "Oxidation" | |
S 1. BHg¥THF L£Hs _ _ _
O/ CE Anti-Markovnikov | Cis Not
2. H,0,, NaOH OH respomible
plus enantiom
Notes:

1. Anti-Markovnikov orientation: the OH ends up on the less substituted end of an
unsymmetrical alkene; the H adds to the more substituted end
2. Cis addition. Both the H and the OH add from the same side
3. When does cis/trans addition stereaulstry matter?
o Only when both alkene carbons turn into chiral centethe product.
o If one does but not both, then the relative stereochemistry doesnOt matter
o ForMarkovnikovadditionsinvolving H-Br or H-OH, theH usuallyaddsto a carbonthat
alreadyhas an H, so that in the product it is not a stereocenter.
o In antrMarkovnikov additions,much more commonfor both carbonsto becomechiral
carbons
4. Chiral products are Racemic (two enantiomers form) but not optically active
o Whenonly onechiral centerforms (oftenin the Markovnikov additions),any chiral
product will always be racemic
o When two chiral centersform, as in the example above, of the four possible
stereoisomers, you get only two of them, in racemic mixture.

CH CH
1. BH3¥]—HF > 3 3 CH3 CH
- H i > 3
O/ + H H —H
2. H;02, NaOH OH “1OH OH 'OH
B
J

A C
N\ N D J
Y Y
Cis Addition Enantiomers Trans Addition Enantiomers
Do Form Do NOT Form

Examples, Predict the Procis.

Does Does
Markov. Stereo

Matter? Matter?

1 1. BH¥HF
PV

2. H,0,, NaOH
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Does Does
Markov. Stereo
Matter? Matter?

2 )\/ 1. BHg¥THF

2. H,0,, NaOH

3 1. BHo¥THF

2. H,0,, NaOH
4 @ 1. BHa¥THF
2. H,0,, NaOH
5 1. BHy-THF
Q 2. NaOH, H,0,

1. Hg(OACc),, H,0

2. NaBH,

H,0, H

1. Which starting alkenes would produce the following products following hydroboration

oxidation? Factor in tle stereochemistry of the products in considering what starting materials
would work.

1. BHg-THF H%{(Ph
2. NaOH, H,0, 3

H3C H
1. BHy-THF H OH
Ph
2. NaOH, H202 R
H3C H

2. Fill in recipes for converting-butene into the three derivatives shown.

AN

~_~_0COH

OH

A
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Mechanism (For interest sake. Not for memorization, not for test.)

\ 1. BHa¥WTHF H BHy 2 H,0,,NaOH H OH
Overall pathway: /c—c

N —C—C— —C—C—
"Hydroboration" | | "Oxidation" | |
S @/1. BH4¥THF £Hs
2. H202, NaOH CEOH
CHs  H,0,, NaOH CH
Y H 2U2 Sl
I g
BH, [IBHZ ‘ @
"I-Complex" Perspective N
Electrophilic BHs
BH; -
h,,. YT — ot Adds " Ao W l_{ /BH2 ?
"I -complex"
BH3-THF — H_gb_@o — BH; + O<:| = "THF" = Tetrahydrofurn
- |
H
Notes

1. Free BH is actually the electrophile
2. BecausdH3 doesn not have octet rulethe boron is verglectrophilic for an extra electron
pair
3. BHs-THF is a convenient complex in which the oxygen provides the extra electron pair. But the
complex is wek, and always provides a small equilibrium amount of free, reactive BH
4. The electrophilic boron originally makes acomplex, but then you get actual hydroboration via
a 4centered ring
5. The key is that both the boron and the hydrogen enter from the sera she alkene
0 concerted addition of BH across C=C
0 cis addition
6. Why do you get the orientation?
o the B-H addition actually does follow MarkovnikovOs rule
¥ HB!+H!'$ The B is! +, the H is! -, because boron is a semetal and less
electronegative than hydrogen! The only case this chapter where the hydrogen is
rather thar +
o Sterics: The Boron end is pretty big, so it prefers to go to the less substitigdudntEsed
end of the alkene for steric as well as electronic reasons.
7. The NaOH/HO, workup is complex and beyond our scope, but replaces the B with OH with
complete retention of stereochem
o the cis stereochemistry established in the hydroboration onesisrped in the
oxidation
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18.4; 7.4 Alkoxymercuraticemercuration: Markovnikov Addition of DR (Reaction 6)

 \.__ ~ 1 Hg(OAc),,ROH H OR
General: /C—C L i
2. NaBH4 [
6 1. H CH
- Hg(OAc),, ROH ; _
O/ O‘O% Markovnikov Stereo: Mech:
2. NaBH4 None e
responsible
Mechanism
6 1. Hg(OAc),, ROH Sha,
O/ 2. NaBH4 O‘
HgOAC @ H ®
HOCH o
Oﬁ‘ CE@%O 3 (j; CH; -H CtOCH3
HgOAcC HOOAC
Cation g
OAc Capture H Deprotonate ¥
|| Nat)
Hg(OAc),
H

Notes:

1. Everythingis the sameas with _oxymercuration-demercuration to form an alcohol, except
you use an alcohol instead of ater

2. This results in an oxygen with itOs spectator carbon chain adding rather than an OH

3. Strong Markovnikov orientation
o The OR adds to the more substituted end of the alkene
o0 The Hydrogen eis up on the less substituted end of the alkene

4. The mechanisms are analogous.

Examples, Predict the Products. .
Does MarkOs Does
Rule matter? Stereo?
1 1. Hg(OAc),, CH;CH,OH
PN 9(OAc),, CH3CH,

2. NaBH4

2 OH

\Q 1. Hg(OACc),, )\

2. NaBH4
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Ether Synthesis: Two Routes
1. From Alkene and Alcohol: By Oxymercuration/Demerciaat
2. From RBr and Alkoxide Anion: By &2

3. Multistep Syntheses Design Reactants for the Following Conversions
¥ Note: Itis often most strategic to think backward from product to precursor.
¥ Then think back how you could access the precursor fromaheng material.
¥ There may sometimes be more than one suitable route.

a. S ~_~_-OCHj
b. OCHs
AN
c CHs
OLOH C JCHs

OH

o8]
=
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7.7. HH addition. Catalytic Hydrogenation (Reaction 7)

N\, HPt HoH

General: /c—c\ —C—C—
(or Pd, or Ni, etc.) (.
7 CH,
H,, Pt B - :
@\/ 2 O:H Orientation: Stereo: Mech:
D ~H None Cis Not
b responsible
plus enantiomer

Notes:
1. Since both atoms adding are the same (H), Markovnikov orientation issues donOt apply
¥ YouOre adding a hydrogen to both the more and less substituted alkene carbon!
2. Stereochemistry isnOt often relevant,when it is itOsis
¥ Rarely relevant because if either alkene carbon has even one hydrogen attached, addition of
an additional hydrogen will result in an achiral carbon.
3. The reaction is substantially exothermic
4. But some kind of transiticmetal catalysis required to active the otherwise stronddHbonds.
Pd, Pd/CPt, Pt/CPtO,, Rh, Rh/C, Ni, Ni/C, etc all work variably well.

Examples, Predict the Products. .
Does MarkOs Does

Rule matter? Stereo?
1 H,, Pt
/\/\

N —/—/——

2 H,, Pt
=
H,, Pt
3 _ e
H,, Pt
4 —_—
H,, Pt
5 -
H,, Pt

6 —_—
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7.2 X-X Dihalogen Addition: Trans Addition (Reaction 8)

\ __ , BryorCl Br Br cl ¢l
General: /C—C\ _(|;_(|;_ or _c—Cc—
[
Orientation Stereo Mechanism
8 CHsz
Br
O/ 2 O:Br None Trans Be able to
(or Cly) ™H draw_
Br completel
plus enantiomer
Notes:

1. Orientation: Non-issue since youOre adding $@me atom to each alkene carbon

2. Trans addition

3. Solventmatters: to get X addition, you need a solvent other than water or alcohol.
¥ With water or alcohol, you get different products, see reaction 9

Examples, Predict the Products.
Does Does Chiral?
Mark.  Stereo?
Matter?

2 = BrZ
3

cl,
4 —_—

Notes:
1. Cis and trans reactants give different products!
2. For any product (in this and other reactions), be able to identify whether it is chiral or not
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Chemical Test for Alkenes: Br, in CCl, solvent is reddish/brown color. Add a few drops to an
unknown organic:
¥ If the color stays reddish/brown the unknown does not contain any alkenes
¥ If the reddish/brown color goes away the unknown did have an alkene that is
reacting with the bromine

Mechanism (Very important)

Brfgr mr@ _ Br ’
y - = ‘:"Br@ C{B “\'BI’@ - \\‘BI’
Cation v 'Br H
H Capture H A B H
Resonance
"n-Complex" Perspective
P P Electrophilic Br@
Br-Br
Iy, Loy —— 1y, Loy Adds 1 Br W ,/I"\ /Br T
/
Br w__ "
BI@ n-complex
Notes
1. Cation Formation: Step 1
2. Cation capture: Step 2
3. Bry and C} are exceptionally good electrophiles
4. The cation that forms is a 3membered ring

¥ OBromonium ionO
¥ OChloronium ionO
Or, it can be viewd as d -complex, with a halogen cation sitting on-agnd
When the nucleophile captures the cation, it must come in from the opposite face
¥ Backside attack, ala {2
¥ Trans addition results
7. The nucleophile actually attacks at the more substituted carbon!
¥ This is contrary to & expectations!
8. Resonance picturés andB help to explain things
a. The cyclic formA explains stereochemistry
¥ If acyclic formB was all there was, you wouldnOt need backside attack and you
wouldnOt get trans stereochemistry
b. FormB helpsexplains why the nucleophile attacks the more substituted carbon.
¥ Of the two carbons, the more substituted one has the positive charge and is thus more
electrophilic, in spite of steric issues.

o o

Solvent Limitation: Solvents that are nucleophilic (wat& alcoholsE) successfully compete
with bromide or chloride in the cation capture step.

@ Bry
Draw the mechanism for
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7.3 Br-OH or CFOH Addition. Markovnikov Addition, Trans Addition, to form OHalohydrinsO
(reaction 9)

\ __ s BryorCl Br OH Cl OH
General: /C—C\ —C—C— o _c—Cc—
H,O | |
Orientation Stereo Mechanism
9 CH
Br,, H,O S .
O/ 22 O:Oﬁ' Markovnikov Trans Be able to
(or Clyp) ™H draw_
Br completel
plus enantiomer

Notes:
1. Markovnikov Orientation
¥ OH adds to more substituted alkene carbon
¥ Bror Cl adds to less substituted alkene carbon
¥ This literally follows MarkovnikovOs Rule, since the relative electronegativity makes for
BrOH (or CIOH) is Bt +(OH)! -
2. Trans addition
3. Solventmatters: whenever you see,Br Ch recipes, check whether there is a water (or
alcohol) solvent

Mechanism
_«OH

: @f
_BroBr_ Br C( - O\H -H@
Cation ' 'Br . Br

Capture H H

1. 3 Steps:

a. bromonium érmation (cation formation)

b. cation capture/nucleophile addition

c. deprotonation (since the nucleophile was neutral)

2. The mechanism is closely analogous to thedBIClL, additions
3. Water is a better bromonium (chloronium) capture nucleophile than bromideldade) anion

a. The large population of water molecules in the solvent give it a statistical advantage

b. When the bromide anion forms in step one, it is initially formed on the wrong side of
the bromonium. It needs to swim around to the opposite side intord#ack.

Usually water has already captured the cation before then.

c. Water really is inherently a better electron donor than bromide anion. This is why in
water a proton goes onto water to make hydronium ion rather than going onto
bromide to make covent HBr

4. Notice that the water attacks timre substituted carbon of the bromonium (chloronium) ion

Alcohol Reactions

Br,, HOCHs -~‘C5&H3 Aloohols )Oi ~
ve
O/ O:H Haloethers X o
T Bro )\/ Br

Br
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CI

Draw the mechanism for the following reaction:

Examples, Predict the Products.

Br2
H,O

Does Does Chiral?
Mark. Stereo?
matter?
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7.8 Epoxidation. Addition of one Oxygen (Reactibd)
PhCO3H O
General: \c:c/ ° —C/—\C—
/ AN . o
peracid |
"epoxide"
10 CH3
@/ PhCOzH @o None Cis Not
7 responsible
H
plus enantiomer

Notes:

1. No orientation issues, since the samgg®n atom connects to both bonds

2. Cis addition: both oxygen bonds come from the same direction

Mechanism: No test Responsibility

n #+
ONE CH3 H,
@f\/" STEP! O, ) @ "y
! . Pt !Q( 07
;—§~\>/! No % Ph i \gh
ions
Ph Carbonyl-hydrogen

Hydrogen-bonded reactant

¥ Any peracid with formula RCEMH has arextra oxygen relative to a carboxylic acahd can

do this reaction

¥ To produce thepoxide, a nomaqueous organic solvent must be us@fiwater is present,

the epoxide is unstable, see reaction 10.)

¥ Any peracid can deposit the extra oxygen onto themd to make the epoxide
¥ No ions are actually involved, because the leaving grotieiseutral carboxylic acid

Examples, Predict the Products.

Does Does Chiral?
Mark. Stereo?
matter?
PhCO3H
1 SN 8
2 O PhCO5H
/—\ PhCO3H
3
s PhCO3zH
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7.8 Trans OHOH addition. Epoxidation in water. The initially formed epoxide undergoes Acid
CatalyzedRing Opening. Reaction 11.

\ CH3COgH OH OH
General: c—~C —C—C—
4 N H,0 ]
11 CH3COsH ~’C83H Be able to
None Trans draw
H,0 —H acid-
OH catalyzed
plus enantiomer epoxde
hydrolysis

Examples, Predict the Products.

Does Does Chiral?
Mark. Stereo?

matter?
1 CH3CO3H
X
H,O
2 @ CHZCOzH
H,0
CH3CO3H
3 ' H,0
CH3CO3H
X
4 H,O
Mech
11

- oH

ONE @_\ T @ :

@fg STEP! /‘ H C( ¥ C(O\H o __OH
O No Cation \'OH (:EOH

ions Capture H H
CHj;

Notes:

a. The nucleophile (water) attacks from the more substituted end of the protonated epoxide
I More!+ charge there
I The GO bond to the more substituted end is much weaker

c. Thenucleophileaddsvia Sy2-like backsideattack. Inversionat the top stereocentethut notthe
bottom, explains the trans stereochemistry.
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7.8 Cis OHOH addition. Catalytic ®mylation. Reaction 12.

N s 050y, H,0 QOH OH
General:  c——c{ 4272 _(;:_(;3_
12 CHs
0504, H20, —=OH None Cis Not
—OH responsible
H
plus enantiomer
¥ oxidant ONM OOcan replace H,O,

Examples, Predict the Products.
Does Does Chiral?
Mark.  Stereo?

matter?

0sOy4, H,0O
1 PN 4, 1207

2 @ OSO4, H202

‘ CHzCO3H

H,0

0504, H202

CH3CO3H

H,O

A 9504 HOp

Mech: (Not required)

12
Concerted CHs o H,0O CHs HO o
‘s additi 0.0 —= ZOH s
O%\O\(}/,O cis addition O/Os// + M58 0s ()
X0, -0" o ~OH| HO™ o
o o H Osmate H
Ester | H.0, Osmium
Os (VIII) Os (VI) Hydrolysis u 2¥2  Reoxidation
\  KMnO, OH OH  Alternative o, 0O +H,0
c—c _¢c—(¢—  Recipe. 08,
g N NaOH,H,0 | [  Cheaper, o ‘o
Less Reliable
Os (VIII)

¥ An oxidizing agent, eithgd,O, or ONMOO, is used to reoxidize the osmium
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Stereochemically complementary methods

Skills:
CH3COzH/H0 trans a. Given starting material and product, provide reagent
OsQ/H,0, cis b. Given product and reagent, what was the starting mate

1. Given starting material and product, provide reagent. Consider stereo.

OH

OH

e

OH

2. Stereochemistry Problems. Given product and reagent, what was the starting material?

OH
OSO4 —
A, =
H202 OH
CH3CO3H, OH

0 Y\Ph
OH

Br
BrZ )\l/
Br

Cl
Cl,, H,0 )\/
OH

H,, Pt

HD

1. BHs-THF D, OH

2. NaOH, H,0, [5:H

PhCOsH H.,
Ph  CHs

\I
R
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7.9 Ozonolysis. Cleavage of Alkenes. Reaction 13
Genera: Cc—c¢C N _~
C=0 0=C
13 1. O
5 None None Not
H 2. MesS responsible
H™ >0
Note: H-bearing alkene carbon
ends up as aldehyde.
¥ Zn/Hx0" can replace M&
Notes
1. Double bond gets sliced in half
2. Get two corresponding carbonyls
3. Alkene bonds and nothing else are oxidized.
4. Get ketones and/or aldehgies and/or formaldehyde
7.9 Oxidative Cleavage of Alkenes by Permanganate. Reaction 14
\.__ H KMnO, \ OH
General: /c—c\ " /C:O O:C/\
14 KMnO4
@\/ ('J None None Not
H responsible
OH™ ™0
H-bearing alkene carbon
ends as carboxylic acid

Notes

Double bond gets sliced in half

2. Get two corresponding carbonyls

3. Alkene GH bonds are also oxidized te@H bonds.

4. Get ketones and/or carboylic acids and/or carbonic acid.

=

1 1. O3 )\/ KMnO,
NS
2. Mezs
2 1. Os KMnO,
/\/\
2. Mezs

1. O KMnO,
3
2. Mezs
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. \/\(\ KMnO4
2. Mezs

5. Identify reactants.

D
OH
o)

6. Identify A, B, and C.

Unknown A 1. O H\H/\X)J\
CoHie 2. Mes
‘M» Product B
CHsCOM, 0 proguct ¢
Review Problems. )
7. ORoadmap formatO. Identify prodéciS.
Bra, hv NaOH
(T = :
Brz, CHgoH

NEt,
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. Design a synthetic plan for tHiellowing conversions. (Several on test)

~

OH

OH

g

Br

OH

OH

e

-

Cl

H3C 'CH3

32
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9. What is a structure for g, if it reacts with Bs?

Elements of Unsaturation Problems
10.What is a structure forgEl10O, if it doesnotreact with H/Pt, but does red with H,SO, to
give 2 different isomeric alkenesids?

11.What is a possible structure fogH, if it reacts with H/Pt to give GH10?

12.1dentify productsA-C.

HBr,
A

Peroxides
l NaOCH,CH=CH2

B
1. BHg-THF

2. NaOH, H,0,
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