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Amines

Chlorphenamine, an organic amine, is an antihistamine used to prevent some of

the symptoms of allergies. Inset: A model of chlorphenamine. {© mandygodbehear/

iStockphoto)
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Naming aldehydes and ketones using IUPAC rules

:NHE.; CH%_NHQ GHt;_S\IH CHQ_N_CHQ

CH; CHj
Ammonia Methylamine Dimethylamine Trimethylamine
(a1 amine) (a 2° amine) (a 3° amine)
I 1
NH, N—H CHy—N— CHj
Aniline N-Methylaniline Benzyldimethylamine

(a 1® aromatic amine) (a 2° aromatic amine) (a 3% aliphatic amine)



Naming aldehydes and ketones using IUPAC rules

€ The stem names of amines are derived from those of the parent alkanes, defined by the longest continuous
chain (LCC) of carbon atoms that contains the functional group.

€ For an amine, drop the —e from the alkane name and add the ending —amine.

€ To indicate the position of a substituent on amines, number the chain in the manner that gives the amino

carbon atom the lowest possible number. In cyclic amines, it is understood that the amino carbon atom is C1.
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Pyrrolidine Piperidine Pyrrole Pyridine
(heterocyclic aliphatic amines) (heterocyclic aromatic amines)
NH,

NH, N NH,
/\)\ H2N NH, O/

: entane-1,5-diamine
(S)-1-phenylethan-1-amine pentan-2-amine g cyclohexanamine

k. San

(R)-1-phenylpropan-2-amine N-methyl-1-phenylpropan-2-amine aniline

NH-
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(CH4),N"CI”

Tetramethylammonium

chloride

=

Ammonia

NH,

— O
+

Hexadecylpyridinium chloride
(Cetylpyridinium chloride)

ic’

Amine

RNH,» RNHR’, R'R2NR3

OH~
.|_
CHsN(CHg) 5

Benzyltrimethylammonium
hvdroxide

%

Ammonium

RIR2N*R3R*X-
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An N—H—-——-N hydrogen bond is weaker than an O—H-——-0 hydrogen
bond, because the difference in electronegativity between nitrogen and hydrogen
(3.0 — 2.1 = 0.9 ) is less than that between oxygen and hydrogen (3.5 — 2.1 = 1.4 ). We
can illustrate the effect of intermolecular hydrogen bonding by comparing the boiling
points of methylamine and methanol:

CH:NHa CH,OH
molecular weight (g/mol) 311 32.0
boiling point (°C) —6.3 65.0

BREER ~_ ~_-NHsy "\NHE

Butylamine t-Butylamine
bp 78°C bp 46 °C
H
~— N ~ \/0 ~
Diethylamine Diethyl ether

bp 55 °C bp 34.6 °C
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H H
Methylammonium
hydroxide
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Methylamine
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Amine

Ammonia
Primary Amines
methylamine
ethylamine
cyclohexylamine
Secondary Amines
dimethylamine
diethylamine
Tertiary Amines
trimethylamine
triethylamine
Aromatic Amines

aniline

4-methylaniline

(p-toluidine)

4-chloroaniline

d-nitroaniline

Structure
NH;
CH3NH,
CH;CH,NH,

CgHy NH,

(CHy)oNH
(CH3CH,)oNH

(CHj):N
(CH3CHg3) 3N

NH,

Cl ON] L,

pPKy
4.74
3.36
3.19

3.34

3.27
3.02

4.19

3.256

9.37

8.92

9.85

13.0

pK;
9.26
10.64
10.81

10.66

10.73
10.98

9.81

10.75

4.63

5.08

4.15

1.0
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Two Kekulé structures

NH,

Aniline
pkL 9.37

i
:N—H

No resonance is
possible with
alkylamines

Interaction of the electron pair on nitrogen
with the pi system of the aromatic ring
reduces the availability of the electron pair
to participate in a reaction with an acid

—NO, reduces the availability of the electron pair on
nitrogen to participate in a reaction with an acid via
both an inductive effect and a resonance effect

T
() HEBH
.

D UHHE _ON= NH,

4-Nitroaniline -
php 13.0
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Select the stronger base in each pair of amines:

Z O,
(a) I or
-
’ |

H
(A) (B)
NHo CH.NH,
CHs
(b) or
(C) (D)

Select the stronger acid from each pair of ions:

[a] D‘JNQNH3+ or {:H:%ONH:.l_ ”ﬂ \ N_[_I
) /
(A) (B)

(C)

(D)
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COOH COOH
Ni
+ 3Hs Bam)® + 2H.0
NOy NH,
A-Nitrobenzoic FAminobenzoic
acid acid

This method has the potential disadvantage that other susceptible groups, such as a carbon-
carbon double bond, and the carbonyl group of an aldehyde or ketone, may also be reduced.
Note that neither the — COOH nor the aromatic ring is reduced under these conditions.

Alternatively, a nitro group can be reduced to a primary amino group by a metal in acid:

CHg CHy
NOs NH4 CI”

Fe, HCI
CoHzOH, HyO)

NOs NH; CI~

2 4-Dinitrotoluene

CHg
NH,

Mat¥H, Hgt)
_—

NH,

2 4+Diaminotoluene
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Show the reagents that will bring about each step in this
conversion of toluene to 4-aminobenzoic acid:

(Hjq CHs COOH COOH
@ 0 (:‘j
— — —

NOq I\\DE hHE

Toluene A-Amino-

benzoic acid
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Step 1:

HI{'.II 2:

Reaction of an electrophile and a nucleophile to form a new covalent bond. The
nitrogen atom of an amine displaces chlorine in a haloalkane to vield an ammao-
nium chloride 1on.

mh 1

R—N + Rt —— R—N—H :(I:
H\"\\H LT ) + T )

(a nucleophile) (an electrophile)

Take a proton away. At the beginning of this reaction, when only a few product
molecules are formed, plenty of amine starting material (a weak base) remains
to react with the hydrogen of the ammonium salt to yield a secondary amine and
another ammonium chloride ion.

/N

34
| LA - L L ) H e —
RE=N—LH :E_'_Il: + R—Ni —_— R—NI + R—NI—H :gl:
| H f i
H H H

unreacted
starting material
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compounds remaining in the reaction mixture

N

(n

0 il /_\ \ R
l + | . T L | L o N (_\" . | . T all other products
R_Pl'“ —H El R—N—H 'gl' R_?TI R_N\\H R—CI* R_?i’I_R Cl: previously formed
H H H H
a small a small a small a large a large
amount amaounnt Amount amont amount

Determine all possible nitrogen-based products that can be formed in the following reaction:

_~_NHy + CHyCHoBr —->

STRATEGY

Keep in mind that the reaction of amines with haloalkanes often results in multiple nitrogen-based products with one or more
alkyl groups from the haloalkane forming a bond with the nitrogen atom of the original amine.

SOLUTION
'/\"\.,\JNHSS + (_:HF"C-HEBI" E

| | \ +,,-‘FH2CHH
NN SN + NN o

H CH,CH, CH,CH,
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10.34 Suppose that you have a mixture of the following
three compounds:

CH4 NOo CH; NH.
4-Nitrotoluene 4-Methylaniline
{p-Nitrotoluene) (p-Toluidine)
CHs, OH

4-Methylphenol
(p-Cresol)

Devise a chemical procedure based on their relative
acidity or basicity to separate and isolate each in
pure form.

#10.36 4-Aminophenol is a building block in the synthesis of
the analgesic acetaminophen. Show how this build-
ing block can be synthesized in two steps from phe-
nol (in Chapter 15, we will see how to complete the
synthesis of acetaminophen): (See Example 10.9)

NO,
Q= J =
HO HO

Phenol 4-Nitrophenol
O
I
NHo NH—C—CH;q
HO HO
4-Aminophenol Acetaminophen
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10.44 Test your cumulative knowledge of the reactions ;
learned thus far by completing the following chemi- (f) OH ——— Br D\

cal transformations. Note: Some will require more
than one step. (See Example 10.9) I*_~IH5._-, B
COOH

OH (g)
Y
CHAC
(b) o H30 Cl
(h)
COOH

NH, NHy CI' H—N
“ (i) @ . 1(}}1
"0 — H
Cl NHs
00

NO
Cl
Br
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Aldehydes
and Ketones

Ethano! from alcoholic beverages is first metabolized
to acetaldehyde before being broken down further

in the body. The reactivity of the carbonyl group of
acetaldehyde allows it to bind to proteins in the body,
the products of which lead to tissue damage and organ
disease. Inset: A model of acetaldehyde. (Novastock/
Stock Connection/Glow Images)
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KEY QUESTIONS

12.1 What Are Aldehydes and Ketones?
12.2 How Are Aldehydes and Ketones Named?

12.3 What Are the Physical Properties of Aldehydes
and Ketones?

12.4 What Is the Most Common Reaction Theme of
Aldehydes and Ketones?

125 What Are Grignard Reagents, and How Do They
React with Aldehydes and Ketones?

12.6 What Are Hemiacetals and Acetals?

12.7 How Do Aldehydes and Ketones React with
Ammonia and Amines?
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The following are the IUPAC rules for naming aldehydes and ketones:

€ The stem names of aldehydes and ketones are derived from those of the parent alkanes, defined by the longest
continuous chain (LCC) of carbon atoms that contains the functional group.

@ For an aldehyde, drop the —e from the alkane name and add the ending —al.

@ For a ketone, drop the —e from the alkane name and add the ending —one.

@ To indicate the position of a substituent on an aldehyde, the carbonyl carbon atom is always considered to be C1;
it is unnecessary to designate this group by number.

€ To indicate the position of a substituent on a ketone, number the chain in the manner that gives the carbonyl

carbon atom the lowest possible number. In cyclic ketones, it is understood that the carbonyl carbon atom is C1.



- Naming aldehydes and ketones using IUPAC rules
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0 i 0
H J\H H,C~ "H \/\)I\H
methanal ethanal pentanal
(formaldehyde) (acetaldehyde) (valeraldehyde)
0o
H PPt
/\)LH H
Cl

2-chloropentanal butanal 3-methylbutanal

(a-chlorovaleraldehyde) (butyraldehyde) (isovaleraldehyde)



‘ ) ‘5 ; ’t : ﬂ‘ Naming aldehydes and ketones using IUPAC rules

A P /\)(L/\ )CL/VOH

Pentane-2,4-dione
Butanal Heptan-4-one 5-Hydroxypentan-2-one
0 0 o Q
H
)H/\ O} MOH H M
H
O
3-methylpentan-2-one 1-cyclopentylpropan-2-one 4-hydroxybutanal Hexane-1,6-dial

i O
NN
o AN
b Br

octane-2,7-dione (Z)-5-bromohex-4-en-3-one (2)-5-chlorohex-4-enal (S)-3-bromopentan-2-one
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the more important
contributing structure

g

\ 0+ O N N .

C=0 C=0: «— +C—O0:8
/ / LA / LR
Polarity of a A carbonyl group as
carbonyl group a resonance hybrid
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® HEFHSE
Bae
K,Cr,07/H,SO4/H,0
CHyCH,CH,0H — 2272274725 CH,CH,CHO FHE
75°C
K20r207'ﬁH2804
o - (o
60°C
CH;3(CH,)sCH,OH 3'}%##1‘&'?5]* CH;3(CH3)sCHO Sarrett reagent: & &EZILIEEL(PCC)
CH,Cl,,25°C
CH;CH CH
et H,S0, ok
ch—(lz—(lz—CHs > H3C—(|2—(|.|‘.—CH3

OH OH CH, 0
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(1) 0 R R
- 2 o :C=0 - O=C:

(2)Zn/H,0 R" H

R R
O, R R

R H

KMnO N\ =

-~ : o "/C=0 : O_C\

R OH

0O 0O
RC=CR'+ H20 W‘ R_C_CHzRI + RH20—C—R'
294
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_ R=C—Cl or R-C—0—C—R
> o
AICI,
Ar=H - |
O " Ar—C—R
R—C—OH
. =

HF
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CO / HCI (Ft&8) O

Ar—H AICl,, CuCl, A Ar-C—H
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MnO,/H,SO
yon s (e

I=HIRF A2

(@

MnO, T
CHCH; > Q—CCHs
MgSO,,H,0

CHs CH(OCOCHs), CHO
CrO;/(CH;CH),0 H,0
o —
CH3;COOH/H,S0,

NO; NO NO,
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this is the common mechanism

pattern: Reaction of a nucleophile 5+ 8
and an electrophile to form a _ R ~_
covalent bond Nu: /:F_H‘H&/c Q:
R
Br ether }IHBT
NN Mg e NN

I-Bromobutane Butylmagnesium bromide

Bromohbenzene Phenylmagnesium bromide

in a Grignard reagent, the
magnesium atom has inserted
itself between the bromine
and carbon atom

CH 4(CI IE]QL"J —MgBr

— Nu—C,,
A R
R

Tetrahedral carbonyl
addition intermediate

carbon is
H T nucleophile
5 & .
MgBr

CH5(CH) 2™
H H
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Addition to Formaldehyde Gives a 1° Alcohol
Treatment of a Grignard reagent with formaldehyde, followed by hydrolysis in aqueous
acid, gives a primary alcohol:

recall that hydronium is the

i active agent in HCl/HoO
.i/:"—.-._._-_‘\\‘d ﬂ / L
0 :Q: [MgBr]™ | '_E'\ :OH
S | g |
CHsCHy —MgBr+ H—C—H ——— CH3CHy — CHo > CH3CHy — CHy + Mg+
Formaldehyde A magnasium I-Propanol

alkoxide (a 17 alcohol)
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Addition to an Aldehyde (Except Formaldehyde) Gives a 2° Alcohol
Treatment of a Grignard reagent with any aldehyde other than formaldehyde, followed by
hydrolysis in aqueous acid, gives a secondary alcohol:

H
N oo
Q(”) 0 [M;,Br]+ == 53\ :OH
1 c
1an + CHy—C—H ———— (,HCH‘ CHCHj + Mg?
Acetaldehyde A magnesium 1-Cyclohexylethanol

alkoxide (a 2° alcohol)
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Addition to a Ketone Gives a 3° Alcohol
Treatment of a Grignard reagent with a ketone, followed by hydrolysis in aqueous acid,
gives a tertiary alcohol:

77N

SN

:0: 07 [MgBr]" 120 : Ol
(:_” cther | \\H | 94
@G_EHH —_— f_|?(_“.l-[3 —_— {_|{_H¢_ + Mg
CHgq CHgq
Acetone A magnesium 2-Phenyl-2-propanol

alkoxide (a 3° alcohol)
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(a) MgBr + CCHsCHg

CH,

1
(b) rI + CHsCHy ——

CHj

.'[—j.

]
(c) OCCHECH?_ + ETilgBr

CH;

-—-C:

C—

CH;

T [MgBr] "

CHQGHS

HCI

—_
HyO)
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Acid-Catalyzed Formation of a Hemiacetal

STEP 1: Add a proton. Proton transfer from H—A to the carbonyl gives a resonance-
stabilized cation. The more significant resonance structure places the positive
charge on the carbon:

Ll

P [ ,/"H x’H
HA 0 -
CH3CCHS L']? — ? + AT

CH3CCH;  CH3CCHy
|

A resonance-stabilized cation

STEP Z: Reaction of an electrophile and a nucleophile to form a new covalent bond. Addition
of the alcohol to the resonance-stabilized cation gives an oxonium ion. Mote: The
attack of the alcohol can be to either contributing structure:

v }/ | |
(0 , LI + :0CH3CH3; == CHyCCHgy

. .
(.] I:i(‘(‘] I:i H_(}(‘H2(-;HI.'|,

{an electrophile) {a nucleophile) An oxonium ion

STEP 3: Take a proton away. Proton transfer from the oxonium ion to A~ gives the hemiac-
etal and regenerates the acid catalyst:

OH OH
| |

CH3CCHy + AT —— CH3CCH;4 + H—A
.

H—{-}{,HE{“ Ij :Q(ZHQCHH

(_;'..
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Acid-Catalyzed Formation of an Acetal

STEP 1: Add a proton. Proton transfer from the acid, H—A, to the hemiacetal OH group
gives an oxonium ion:

H_ . H
H(IJ':’_\ (_I)
R—(I“—Q(“HL+HI/—:: R— (I“ OCH, + Az~
H H

An oxonium ion

STEFP 2: Break a bond to form a stable ion or molecule. Loss of water from the oxonium ion
gives a resonance-stabilized cation:

H H
Mae b
O
Cl o 4 - e -
R—(F—DCHg _ R—?ZQCH; «— R— l'.lj OCHj + HaO:
5 H H

A resonance-stabilized cation
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STEP 3: Reaction of an electrophile and a nucleophile to form a new covalent bond. Reaction
of the resonance-stabilized cation (an electrophile) with methanol (a nucleophile)
gives the conjugate acid of the acetal:

H_ . CH,
Wi s
H NG

| =+ | -
CH;—O: @?=QGH5 = R—t]: —OCH;

H H
(a nucleophile) (an electrophile) A protonated acetal

STEP 4: Take a proton away. Proton transfer from the protonated acetal to A™ gives the
acetal and generates a new molecule of H— A, the acid catalyst:

H\H j?(._.aH!_ [-:H!-
/Cy §
Adl + R—(I'I—(:l{ll[g: HA + R—(lz—@}(:ng

H H
A protonated acetal An acetal



Determine the Reactants Used to Synthesize
a Hemiacetal or Acetal

[ 1 la) Identify the carbon atom that is bonded to two oxygen atoms. This carbon
atom is the carbonyl carbon that was converted to the carbon of the acetal
. or hemiacetal group.

the carbon that is bonded to two oxvgen
atoms is the former carbonyl carbon

0\]/\/ \AI<’\\

8] O
/*’
(b) Remove both C—O bonds and add back a hydrogen to each oxygen to
L | obtain the alcohol reagent(s) used. Then convert the carbon identified in (a)

1o a carbonyl group.

convert the former acetal
carbon to a carbonyl group

OH
O ~_- | add an H to each oxygen> (/ C—'Y\/
OH
© H

remove the C—0 bond

remove the C—O bond

convert the former acetal
remove the G—0 bond carbon to a carbonyl group

HO
N | add an H to each axygen> \_/?7 —

remove the C—0 bond #'_,..a

CH,0

0

e H
\/”\ + 2 CH3CHsOH —

OH
Q:U s HO O

Ethylene glycol

OCH;

OCHs;  (b) ><

+
H

—

:l (c)

A -

OCHSs
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O OH
O
H + Br\/\)L H =,
Benzaldehyde 4-Bromobutanal 5-Hydroxy-5-phenylpentanal

the carbonyl is protected by converting it to an acetal

O O

BI’\/\/”\ OH - BF\A/(}
H o+ HOO N 2= o+ H,0

_—

Ethylene glycol A cyclic acetal
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the protected carbonyl will not react with
any of the reagents used in this synthesis L8]

; O MgBr" D’>
w M BTHH\/\/O Benzaldehyde ‘ (@]
new C—C bond

Ether

A cvelic acetal A Grignard reagent A magnesium alkoxide

O~ MgBr" —> OH O

, H OH
0 . HD/\\/
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Propose a method for the following transformation. Note: Catalytic hydrogenation adds H; across C— 0 double bonds as
well as across C—C double bonds.

0 (0]
SOLUTION

It is important to protect the carbonyl group. Otherwise, it will be reduced to an alcohol by H./Pt:

the carbonyl needs
to be protected to

avoid being
reduced by Hs /Tt
O / \
| O O
+ OH o= Me
H HD/’\‘\/ o Pt

Ethylene glycol

o o 0
HC, “E(}

_— s

Crae ccmalhlacea= 47 A0 4% AC
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A. Formation of Imines

Ammonia, primary aliphatic amines (RNH;), and primary aromatic amines (ArNH) react
with the carbonyl group of aldehydes and ketones in the presence of an acid catalyst to give
a product that contains a carbon—-nitrogen double bond. A molecule containing a carbon-
nitrogen double bond is called an imine or, alternatively, a Schiff base:

]

H*
CH3CH + HgN — CHyCH=N + HyO
Ethanal Aniline An imine

(A Schiff base)
HI
0+ NH‘-:I_ — MNH + HE{]
Cyclohexanone  Ammonia An imine

(A Schiff base)

As with hemiacetal- and acetal-forming reactions, imine formation is reversible; acid-
catalyzed hydrolysis of an imine gives a 1” amine and an aldehyde or a ketone. When one
equivalent of acid is used, the 17 amine, a weak base, is converted to an ammonium salt.

HCl

+

An imine

e Cyclohexanone Ammonium salt
(A Schiff base) ‘



A tetrahedral carbonyl Predict the products formed in each reaction:

addition intermediate NHs -
(a) O +/K/ “HyO

H H ,H
&0 o
H 7. |
}(}JH + —C—N—R — —C —N—R
. T I
H H
H H
5 r
{?_| . | . HCI
U\ Re= C =N—R + H,0t + H—O—H (b) CHyN + HO Tequy
the flow of electrons H H An imine
here is similar to that "\ vy
in an E2 reaction 20
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to an amine Hg adds across the C = N bond
Hy/Ni
O + HgN —H:ﬂ
Cyvelohexanone Cyclohexyl- (An imine) Dicyclohexylamine
amine (a 2° amine)

(a 1° amine)

Conversion of an aldehyde or a ketone to an amine is generally carried out in one labora-
tory operation by mixing together the carbonyl-containing compound, the amine or am-
monia, hydrogen, and the transition metal catalyst. The imine intermediate is not isolated.

AN H;0* \
C=N—G - C=0 + H-,N-G
/ / 2

AR RIS — A \ o NP
\<—NH2

N
P -
Cl =N Cl 0

Bl :
RIS ES Bi#lF




(&) 7FALLT 4. N-containing nucleophiles

(1) Imine formation: The reaction of ammonia or primary amines with aldehydes and
ketones, under acid catalysis (pH=4~5), proceeds first via addition, followed by dehydration of
the intermediate to form imines. Substituted imines derived from primary amines are also
called Schiff bases ([ <%#). The mechanism is an addition-elimination process.

j
I
I

R'

R OH R'
/C:O s R-NHz — >C\Lﬂ: i ) >C:N—R
Rigae m R" RNH; R" TR AREE, 18
(R. R'. R'=H&KZA) I FBEGRER
HOIF BRBAR E o

CHO  NH, OH H v
- 01 — [y 0 Ch-ennd )

> Imines undergo hydrolysis in dilute acid to regenerate the original aldehyde/ketone and
amine, making this a useful method for carbonyl group protection. Catalytic
hydrogenation of imines is also an important route to secondary amines.



’ 59{”‘ ff (2) Formation of Enamines

Secondary amines undergo nucleophilic addition with aldehydes/ketones that contain a-
hydrogens. However, since there is no extra hydrogen on the nitrogen atom of the addition
intermediate to dehydrate together with the newly formed hydroxyl group, the hydroxyl
group can only eliminate with a hydrogen on the adjacent a-carbon to form a carbon-
carbon double bond. The resulting product is called an enamine, and the formation of

enamines is also reversible.

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
*

R R R R’
el | i _HZO "
NHg £.02C¢ o e 05—t Rig Noe Com GHRUS === QRE N0 - KIS
R CH,R" R OHH Roo ok
R M i

he *
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0 _ /—\j

- [ H Nij CI)H -H,0 /N

f5IR% :  CH,CH,CCH,CH, ~ CH3CH2—(|3—N —— CH,CH=C{_
CH,CH; 3 CH,CH;

Hi e (90%)




((&)) # # X 4 A7 (3) Formation of Oximes, Hydrazones

Certain amine derivatives (hydroxylamine, hydrazine, and semicarbazide, (¥p%. Bf. SEIR)
) undergo addition-elimination (dehydration) condensation reactions with aldehydes and
ketones to form imine derivatives

O NOH
1) é + NH,0H i‘j + H,0
2 3:
I ER AE
CH;CH,CHO -+ HzNNH@Noz—» CH3CH2CH=N—NH@N02 + H,0
(2) 02N OZN
2,4-— RHEFB AEE-24- AR ORI (R&ELRE)
@) O

| [
(3) CH3CHO + H,N—NHCNH, — CH;CH=N —NHCNH, + H,O
SE R L B %5 2 AR Bk



"<7~.-q ¥ . 2 oE o = u
@}\) FHXA K? (3) Formation of Oximes, Hydrazones

N

d) Reaction with amine derivatives

H+
[ HoNOH —» \C=N—-0H+ H20

B / 5 (oxime) .
9 H* \ T
HzNHN"C'NHz — /C=N—'NH'C'NH2 + H20
\ HAER BER (BT
c=0 ++ . H \
/ HoNNHR"  —3 /C=N—NHR + H,0
A Bt
(hydrazine) B72¢ (hydrazone)
H* N
HzNHN“@“NOz S /C=N_NH—©-N02 + H,0
\ O,N O,N

2, 4— Z“HTHEFM 2, A-"“HEXER (REEE) (BT a4



(@) 7Fi447  (5) Reduction Reactions of Aldehydes and ketones

Two Types of Carbonyl Group Reduction

Reduction to hydroxyl group _ Reduction to methylene group
N\ H  \ \
— _ : [H]
/C—O — /CH OH /c=0 —_— >CH2
*EUEMER (BlEKETE) * Clemmenseni® &
LiAlH,, NaBH,, B,H Zn(Hg) / HCI
- B SIEE: * Wolff-Kishnerif [
H,, BREE / Pt (or Pd, or Ni) / hn## i NH,NH, / Na / 200°C
* Meerwein-Ponndorf if &% RSB RZE

NH,NH, / NaOH/
(HOCH,CH,),0/ A

(i-PrO),Al / i-PrOH
- &MiZR3E: Na, Li, Mg, Zn



@)74144% (5) Reduction Reactions of Aldehydes and ketones

Reduction to hydroxyl group

O i R
R—C{ .t Hy —""NI . CH-OH
R R
H,/Ni
H,CHC=CHCHO » CH;CH,CH,CH,OH
EFEMEEEF: LiAlHs. NaBHs4
- OH
n 1. LiAlH4 or NaBH,4 |
R—C—R'(H “SN . e
M=o R—CH—R'(H)
1)LiAIH,/ Z B

CH;CH=CHCH,CHO > CH;CH=CHCH,CH,0H

2)H,0/H*



@) 741447 (5) Reduction Reactions of Aldehydes and ketones

» NaBH, or LiAlH, are also called hydride reagents. Both can provide the nucleophile (H)
to attack the carbonyl group, reducing aldehydes and ketones to primary or secondary
alcohols:  rmsw-wuar e s R A R R R R TR T

| 351 13 H Ak G
H » I|{ H
| H |
' OH :
| 0 {0 e 26 | ;
I [Aa( \H | © H ) Sl ca :
: C C ’ H |
L // H |
| RN ER & { 5

A3
________________________________________________________________________________________________

[EI’E‘_' %ﬂiﬂ] Generally, LiAlH, is a stronger reducing agent than NaBH,. Since theé
“electronegativity of aluminum (1.61) is lower than that of boron (2.04), the electrons in the Al-
'H bond are more polarized toward hydrogen. This makes the hydrogen in the Al-H bond |
' more negatively charged compared to that in the B-H bond, resulting in stronger reducing
ability. '

________________________________________________________________________________________________________________________________________________________________________________________________________________________________




@) 741447 (5) Reduction Reactions of Aldehydes and ketones

a)Clemmensen Redution

(I? Zn(Hg)
R—C—R'(H) TR R—CH,-R'(H)
CI—@—R ®  Zn(Hg)  Ar-CH
ArH AICH, > Ar—C—R HOI - R
Friedel-Crafts & Bz REXE

b) Wolff-Kishner, Huang-Minlon reduction

NH->-NH,, Na

R—CH,-R' + N, + H,O
~200°C 2 2 © V2

]
R—C—R’
BB EM R. (Huang-Minlon modification)

O NH,-NH,, NaOH

Il
R—C—R' » R—CH.,-R' + N, + H,O
(HOCH,CH,),0 , A 2 Z <




(@) 7Fi447  (5) Reduction Reactions of Aldehydes and ketones

The Wolff-Kishner reaction is suitable for aldehydes and ketones that are not sensitive
to bases.

NHzNHz,CszoNa _ 40%
200C, ME

o

Huang Minlon's modification employs high-boiling di- or triethylene
glycol, and any nitro groups present are reduced concurrently.

NH,NH,, NaOH
COCHzCH3 > CH2CH2CH3
(HOCH,CH,),0, A
82%
—HE (ERAER) )

BISABRA R HBBRIER KK
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@ 743X4/% (6) Oxidation Reactions of Aldehydes and ketones

a) Oxidation Reactions of Aldehydes

Q [O] i
R—C—H » R—C—OH

BRI E

Ag(NH,),OH (Tollens X%, R/ L)
Cu(OH),/NaOH ( Fehlingi®#)

2 Ag(NH,),0H 0
o > R—C—ONH, + 2Agy 4%

Cu(OH)leaOH O
> R—C—ONa + Cu,0 { RIEE




@) 74144% (6) Oxidation Reactions of Aldehydes and ketones

a) Oxidation Reactions of Aldehydes

Ag”
H,C—=CH—CHO — > H,C—CH—COOH

O OH O O
|l . Ag(NH3),OH . :
R—C—CH—R > R—C—C—R

> BERUSVNEESH
> FERBRASD
(E=: FF|EHLC=C)
> AEERASFRWRT R



(@) 7#X44%T  (6) Oxidation Reactions of Aldehydes and ketones

b) Oxidation of ketones

#k HNO;
o - COOH
COOH

MIRAE R (Rl &)
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