Chapter 20

More About
Oxidation—-Reduction
Reactions

OXIDATION STATE 0 1 2 3 4
number of C~Z bonds
[¢] [0]
(Z=0,N, or halogen) I I
CHy;  CH;0H HCH HCOH  0=C=0
i i i
CH30CH;  CH;CCHj CH3;COCH;  CH30COCH;
[ i
CH3CCHy CH;CNH,  CH30CNHCH;
OCH; (ﬁ c")
CH;CCH3(H) CH5CCl ciccl
OCH;

D e —

Reducing Agents

RCH—=CHR 12, RCH,CH,R

Pt
an alkene
i
1. NaBH,
RCH W RCH,0OH
an aldehyde
i
H,NNH,
RCR W RCH;R
a ketone

Oxidizing Agents
Br Br
B
RCH—CHR —2> RCHCHR
an alkene
(0]
I H,Cro, I
RCH —— > RCOH
an aldehyde
OH
‘ Hzcl‘04 H
RCHR ——— RCR
an alcohol

Catalytic Hydrogenation

Pt, Pd, or Ni CH:CH,CH,CH,

CH;CH,CH=CH, + H,

1-butene butane
Pt, Pd, or Ni
CH;CHyCH,C=CH + 2H, —— %, CH,CH,CH,CH,CH;,
1-pentyne pentane
Lindlar's  CH; CHj
catalyst el

CHiC=CCH; + H, —22Wst,
rd e

2-butyne H H
cis-2-butene

¢ —cn—cm, M2 ( —cucn
\ / 2 Pd/C \u/ 213

P
CH;CH,CH—=NCH; + H, pdic CH;CH,CH,NHCH;
methylpropylamine
Pd/C
CH3;CH,CH,C=N + 2H, —— CH;CH,CH,CH,NH,

butylamine




| H |
CHiCH,CCl —-2> |CH,CH,CH| —> CH,CH,CH,0H

an acyl chloride pd/c an aldehyde a primary alcohol
i i
H
CH;CH,CCl1 a rtiZaII > CH;CH,CH
N A an aldehyde

an acyl chloride  jgactivated
Pd

i
CH;CH,COH L no reaction
. . Raney Ni
a carboxylic acid
i
CH,CH,COCH, M6 reaction
Raney Ni
an ester
| 5 ,
CH;CH,CNHCH; ———- > noreaction
: Raney Ni
an amide

Dissolving-Metal NH ; Reduction

H.
Na or Li N, "
CH3C=CCH;3; NH3 (qu)> /C:C\
2-butyne H CH;
trans-2-butene

H CH;
CH; CH; ¢’
| — Na or Li
CH;C—CHCHyC=CCH; s> CH3C—CHCH, H

Hydride Reductions

\ 1. NaBH
CH;CH,CH,CH ﬁ CH;CH,CH,CH,OH

an aldehyde a primary alcohol

OH

| 1. NaBH \
CH;CH,CH,CCH; ﬁ CH;CH,CH,CHCH,
a ketone ! a secondary alcohol

LiAlH, is a stronger reducing agent than NaBH,

LiAlH, is used to reduce compounds that are
nonreactive toward NaBH,

I 1. LIAIH
CH;CH,CH,COH — %> CH,CH,CH,CH,0H + H,0

2. H", H,0
a carboxylic acid < a primary alcohol

I 1. LIAIH
CH;CH,COCH; —ppe CHCH,CH,OH + CH;OH
an ester *7T2Y 3 primary alcohol

DIBAL allows the addition of one equivalent of hydride to

an ester
1 i
CH;CH,CH,COCH, — KoHCHCHIb AL T8, -y oy oy,
an ester e an aldehyde

o)
1. LIAI[OC(CH3)s13H, ~78 °C I
CH,CH,CH,CH,CCl % CH;CH,CH,CH,CH
2 an aldehyde

an acyl chloride




Formation of Amines by Reduction

[ 1. LIAIH
CH;CH,CH,CNH, # CH;CH,CH,CH,NH,
2 a primary amine
(0]
[ 1. LiAlHg
CH;CHyCH,CNHCH;  —" > CH3CH,CH,CH,NHCH;3
T2 a secondary amine
O CHj CH;
|| 1. LiAlH, ‘
CH;CHyCH,C—NCH; ;""" CH3CH,CH,CH,NCH;
- Ha

a tertiary amine

NaBH, can be used to selectively reduce an aldehyde or
a keto group in a compound

[¢] [¢] OH [¢]
I I 1. NaBH, | I
CH;CCH,CH,COCH; R 5> CH;CHCH,CH,COCH;
. Hy

OH

I 1. NaBH, I
CHyCH—CHCH,CCH, # CH;CH—CHCH,CHCH;

Oxidation of Alcohols

OH 0}
[ €105 ]
CH;CH,CHCH; W CH;CH,CCHj;

OH (0]
© Na2Cr207 é
H,S0,

OH 0}

| I
QCHCHZCH3 _HCrO, QCCHZCH3

secondary alcohols ketones

Oxidation of a Primary Alcohol

(0] (D)
H,CrO I further I
CH;CH,CH,CH,0H — 22— [CH,CH,CH,CH] —xidation” CHsCH:CH,COH
a primary alcohol an aldehyde a carboxylic acid

Mechanism of Alcohol Oxidation by

o [}
Il H* I H s H* I
HO—(r—OH = Ho—(l*r—&m —  RCH,—0—Cr— w—  REHFO—(r—oH
o = H o
RCH,{H H,O:  achromate ester

RCH=0 + HCr0; + H0

The oxidation of a primary alcohol can be stopped at the
aldehyde if pyridinium chlorochromate (PCC) is used
as the oxidizing agent

(0]
PCC I

CH;CH,CH,CH,0OH W CH;CH,CH,CH
a primary alcohol -2 an aldehyde




Oxidation of Aldehydes and Ketones

i i
Na,Cr,0
CH;CH,CH ﬁ CH;CH,COH

i i

\
ke b

aldehydes carboxylic acids

Tollens Reagent Oxidizes Only
Aldehydes

| 1A I
. Ag0, NH
CHsCH,CH — H+'2H20 3, CH;CH,COH + Ag

metallic
silver




