CHEM 8B, Chapter 12

Chapter 12 — Alcohols ™'

\(OH

isopropanol Tetrahydrocannabinol
rubbing alcohol, bp 108 °C (THC A-9), bp 155 °C

CH3CH,OH

Ethanol, bp 78 °C

(12.2) Acid-Base Properties of Alcohols

Alcohols are weak acids

Alcohols are weak bases

E}OH H,SO,

REDOX Reactions: Alcohols to & from Carbonyl Compounds

/_\H OH

Oxidized
Reduced
[H] - OH A 0 A o [O]
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12.4 Preparation of Alcohols via Reduction

CHEM 8B, Chapter 12

Reducing Agents:
NaBH,4 LiAlH,4 H: with Pt, Pd, or Ni
® ® hydrogen gas with platinum, palladium, or nickel
Li
Na h Hy
H-B=H H-Al-H
! H
H Pt Pd, or Ni
: : lithium aluminium
sodium borohydride hydride

Reduction of Aldehydes & Ketones

0]

H NaBH,, MeOH ©)§/

Reduction of Carboxylic Acids & Esters

HO

1. xs L|AIH4

2. H,0

H

alternate reagents:
1. LiAIH,
2. H,0
HO_ H H,O
H + or
ROH
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12.10 Reactions of Alcohols: Oxidation

CHEM 8B, Chapter 12

Mild oxidizing agents

Strong oxidizing agents

AcO OAc

> [—~OAc @ 5 0

\ U
©:X<O o T~ To-cr-cl

O OAC = %O)K H O

pyridinium chlorochromate

Dess-Martin Periodinane (PCC)

(DMP)

Swern oxidation: Dimethylsulfoxide & oxalyl chloride, then triethylamine
1. DMSO, (COClI)2

Chromic Acid (H.CrO4)

Generated in situ by mixing
together

[ Na2Cr207, H2304, H20 -
sodium dichromate in
aqueous sulfuric acid

2. EtsN o
0 r
o cl . )
8 Cl e CrOs, H3O0" - chromium (lll)
H3C” "CHg 0 oxide in aqueous acid
dimethyl sulfoxide oxalyl chloride
(DMSO) (COCI),
You are not responsible for oxidation mechanisms!
Primary alcohols
DMP
~SoH T
Na2Cr207
<" OH >
H,SOy4, H,O

Secondary alcohols

)\ DMP

OH — =

)\ N32CF207
OH H,S04, H,0

Tertiary alcohols

o

Na20r207, HQSO4, H20
No Reaction!

or DMP or PCC
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CHEM 8B, Chapter 12
(12.6) Preparation of Alcohols via Grignard Reagents

®
Mg R-MgBr - MgBr
R-Br 9 R'
halid metal insertion Grignard Reagent super strong
organohalide d i i
(redox) (organo magnesium bromide) Carbon Nucleophile!
Add charges...
MgBr

©/ o~ o~ \/\
MgBr =~ "MgBr MgBr
aryl Grignard alkyl Grignard vinyl Grignard allyl Grignard

Nucleophilic Grignard Additions to Aldehydes & Ketones

o) HO. CH,

©)1\/ 1. CH3MgBr 2. H,0 ©)</

Predict the product...

O

1. CH;MgBr
H >
2. H,0

/\MgBr

2. H,0

Make this alcohol using a

Grignard + (aldehyde or ketone)

PN
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Grignard Additions to Esters

0]
1. PhMgBr
OCHj
Predict the product...
0]

1. CH;MgBr

OEt ’

2. H,0
o 1'\/\MgBr

Grignards be Bases

Mg
R-Br >
metal insertion
(redox)

organohalide

R-MgBr

Grignard Reagent

(alkyl magnesium bromide)

2. H,0

H—-OH

H

PhMgBr

proton transfer

0]
O

CHEM 8B, Chapter 12

HO_ Ph

@X%

Make this alcohol using a

Grignard + ester

PN

O Ph-H

NO C-C formation
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CHEM 8B, Chapter 12
Summary of Carbonyl Compounds - Alcohols

ALDEHYDES & KETONES

ESTERS
NaBH,4, MeOH HO H 1. xs LiAlH, HO H
or 1. LiAlH,; 2. H,0O Rx 2. H,0 H
j\ or Hy with Pt, Pd, or Ni 0
R )J\OR
R=CorH 1. R'MgBr HO R’ 1. xs RMgBr HO R
2.H,0 R 2. H,0 R
- 112
CARBOXYLIC ACIDS
1. xs LiAlH, HO H
2. H,0 H
o)
)J\OH
xs RMgBr -
!» )J\O@ + I-f-R

REDOX RECAP: Fill in the missing reagent over the arrow with the appropriate oxidizing or reducing agent,
or with a Grignard reagent (alkyl magnesium bromide).

O OH O
:H O_/—>:OH

S - 38 &

OH O

Tl A —— X
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(12.9) Reactions of Alcohols: Substitution & Elimination

Substitution of Alcohols ... “OH” is a bad leaving group!

Sn2 = Bimolecular Nucleophilic Substitution

- One-step reaction: nucleophile attacks as the leaving group leaves

H H

Nuc: R1 “)\ —_—
R,” LG R,

e Sn2 Conversion of Alcohol into Alkyl Bromide

CHEM 8B, Chapter 12

/\/\OH — > /\/\Br

Sn1 = Unimolecular Nucleophilic Substitution

e Two-step reaction:
1. Loss of a leaving group
2. Nucleophilic Attack
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(12.9) Alcohol Substitution: Activation

e Sn2 Conversion of Alcohol into Alkyl Bromide

PBI'3
A"Son T

e Sn2 Conversion of Alcohol into Alkyl Chloride

SOCl,
NS T
Py
2 N
SN
clI” cl NT
thionyl chloride pyridine
(SOCI,)
(py)

o Tosylates — the versatile alcohol activator

OH TsCI
py
Q N
(0] N/
para-toluenesulfonic chloride pyridine

(tosyl chloride, TsCI)
(py)

o Substitution with Tosylates — add your favorite nucleophile

1. TsCl, py o
\/\OH I \/\CN Ts

2. NaCN \)\

CHEM 8B, Chapter 12

/\/\C|

Q
o/ﬁ@—

PN

tosylate
OTs
\)\
tosylate
NaCN
—_—
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CHEM 8B, Chapter 12
(12.9) Alcohol Elimination, aka Dehydration

E1 — Unimolecular Elimination

Two step reaction,

1. Loss of a leaving group Base:

2. Proton transfer H RR34 H Rs Ry Ry
occurs with weak bases R1\|‘:‘?2 <LG Y R 1\% %4 3 R>2 <R3

LG: Base-H
Tertiary Alcohols
/\X conc. Hy,SO,4
-H g /\)\ * /\)L
O heat
alcohol T T

- /\)@\ /\)@\

E2 — Bimolecular Elimination
- 1 step, requires strong base (alkoxide, hydroxide, or amide ions)

R3

H R R/ Rg
Base: =< 4 ﬁ» = alkene
RIR, LG LG R, Ry
Base-H
Primary and Secondary Alcohols
1. TsCl, py OH 1. TsCl, py
2. NaOEt 2. NaOEt
TsClI NaOEt _
A" —— 7 ors =

Py
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CHEM 8B, Chapter 12
Chapter 12 - Alcohol Reaction Puzzle

Rxn Overview & Synthesis Prep: Add reagents over each arrow and fill in the empty boxes

OH 0]
RN RN
-
\)\ \)J\H ~__ [ ~~"0H ] ~____ ~F
o SN ()
\)J\ \)J\OH \/\Br
1. CH3IYIgBr 1. CH;MgBr 1. CH3MgBr
2.H30 2. H3;07" 2. H;0*

Multi-Step Synthesis: Each transformation below requires more than one reaction to be completed. Indicate
the steps involved to make each compound from the starting material provided and any reagents or carbon
sources.

o) o o)

K, e — —

OH

O™ — O
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