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Chapter 4. Aldehydes and Ketones:

Nucleophilic Addition Reactions
(Chapter 19, McMurry)

By Prof. Dr. M. Ammar Al-Khayat (2019)



Aldehydes and Ketones <l giusl) g <ilapaly|
Aldehydes RCHO and ketones R,CO are characterized by the carbonyl functional group
(C=0).
They occur widely in nature and many of them are intermediates in the biological
pathways, for examples, the aldehyde pyridoxal phosphate ( a coenzyme), and the ketone
hydrocortisone (a steroid hormone).

Aldehydes and ketones are also intermediates in the synthesis of many pharmaceutical
agents, and in numerous industrial processes.

Formaldehyde, H,C=0, is used in the fabrication of insulation materials and in the
adhesive resins

Acetone, (CH;),C=0, is widely used as an industrial solvent.
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Aldehydes and Ketones <\ il g culaalyy
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Naming Aldehydes <laaal) diaud
Aldehydes: as alkanal .
The longest chaine containing the aldehyde group
The -CHO carbon is numbered as C,
For rings: suffix carbaldehyde is used.
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Naming Aldehydes <iaaay) dsaud

* Many aldehydes have common names that are recognized by I[UPAC
il g diadl eLanS T gall Sai¥) a1 dadld elasd Clanal¥) (e sl

( IUPAC)
TaBLE 19.1 Common Names of Some Simple Aldehydes

Formula Common name Systematic name

HCHO Formaldehyde <#3llaj$2  Methanal

CH;CHO Acetaldehyde waatiugl  Ethanal

CH3;CH;CHO Propionaldehyde 223U g1 9 » Propanal
CH;CH,CH,;CHO Butyraldehyde wadll 89 Butanal
CH;CH,CH.,CH,CHO Valeraldehyde a8 Pentanal

H,C=CHCHO Acrolein ssS) Propenal

O/ CHO

Benzaldehyde  aaalijly  Benzenecarbaldehyde




Naming Ketones <l gisl) dracd
* Ketones: as alkanone. The longest containing ketone group.
* Begin numbering at the end nearer the carbonyl carbon.
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Naming the C=0 -containing groups
C=0 = 4o glal) il ganall drand

* Names are derived from the corresponding carboxylic acids
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The prefix 0X0- =gl ALy

e |f other functional groups are present and the doubly bonded
oxygen is considered a substituent on a parent chain, the prefix
oxo- is used. For example:
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Problem 19.1
Name the following aldehydes and ketones

{a) 'l:I:' (b} CH3CHzCHO le) ﬁ |I:|:'
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Problem 19.2
Draw structures corresponding to the following names:

(a) 3Methylbutanal (b} 4-Chloro-2-pentanone
(c) Phenylacetaldehyde (d) cis-3-ferf-Butyloyclohexanecarbaldehyde

(e) 3-Methyl-3-butenal (f) Z-{}-Chloroethyl}-5methylheptanal



Preparation of Aldehydes </aaly) jukas

* Oxidation of primary alcohols using the Dess—Martin periodinane reagent in
dichloromethane solvent at room temperature ( See chapter 17)

* Reduction of an ester with diisobutylaluminum hydride (DIBAH) .
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Problem 19.3

How would you prepare pentanal from the following starting
materials?

How would you prepare pentanal from the following starting materials?

(a) CH3CH3CH3CHZCH;OH (b)) CH3CH3CHZCHZCH=—CH;
(€} CHiCHICHCHCO3CH;  (d) CH3CHRCHRCH=—CH;

Pb 19.3
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Preparation of Ketones <l giiSl) yucaa

 From secondary alcohols by oxidation: (section 17)
» By Fiedel Craftz acylation of benzene (section 16)
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Preparation of Ketones <l §iisl) yucaa

» Ozonolysis of alkenes: (section 8)
» Reaction of an acid chlorides with Gillman reagent (a lithium
diorganocopper reagents , section 10)
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GH; 2. En.I'H3D+ GH; 2
T0%

I (CHa)aCu Li* |

C C
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Hexanoyl chloride Z-Heptanone {81%)
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Problem 19.4

How would you carry out the following reactions? More than
one step may be required

(a) +Hexyne — 3-Hexanone
(b) Bemzene — m-Bromoacetophenone
(c) Bromobenzene — Acetophenone

[d) 1-Methyloyclohexene — Z-Methyloychohexanone



Oxidation of Aldehydes and Ketones <k g€l g <l Al 3w

* Aldehydes are easily oxidized by strong oxidants or mild oxidants. Oxidations occur
through intermediate 1,1-diols, or Aydrates .Oxidation of ketones needs hard
conditions causing C-C cleavage ( not often used reaction)
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Nucleophilic Addition Reactions of Aldehydes and Ketones
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HOH (water)
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Nucleophilic Addition Reactions of Aldehydes and Ketones
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* Nucleophilic additions to aldehydes and ketones have two general
variations:
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Relative Reactivity of Aldehydes and Ketones
toward nucleophilic addition
(b 518 it} audal) olad il Rt g culaun AU Al Ate Ll

* Aldehydes are more reactive than ketones for both steric and electronic
reasons axi g yiSl) g dae) 8 b Gl gl e dlelad JiST Clamaly)

Aldehyde
(Approach is more easily;

one large group)

Ketone _
(Approach is less easily;

two large group)
(gl JdS sl ol B A g JB) 0o gl 53 ol 380
blalg b S 48 ga2s 520 O S O 5a3a 352 52



Relative Reactivity of Aldehydes and Ketones
toward nucleophilic addition
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Relative Reactivity of aromatic aldehydes and aliphatic

aldehydes toward nucleophilic addition
(o 518 53} audal) olad AGUAY) oAl g Ay jlan) o AU Aaeadl) Ao L)

« Aromatic aldehydes, such as benzaldehyde, are less reactive than
aliphatic aldehydes because EDG resonance effect of the aromatic ring
makes the carbonyl group less electrophilic.
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Problem 19.5

Treatment of an aldehyde or ketone with cyanide ion (T:C=N), followed by protonation of
the tetrahedral alkoxide ion intermediate, gives a cyanohydrin. Show the structure of the
cyanohydrin obtained from cyclohexanone.

Problem 19.6

p-Mitrobenzaldehyde is more reactive toward nucleophilic additions than p-methoxybenz-
aldehyde. Explain.



Nucleophilic Addition of H,0: Hydration

Aalayl selall b oS gil) auall
 Aldehydes and ketones react with water slowly to yield 1,1-diols, or geminal
(gem.) diols (reversible reaction due to the steric effects).

Jelatll Lol el jall ol ,ilill Cusy (0 oSe Jel&lll | geminal (gem.) diols
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C + H,O0O «= .C
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Acetone (99.9%) Acetone hydrate (0.1%)
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C. +H,0 = _C
H~ OH H/ oH
Pb 19.7, il H
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Formaldehyde (0.1%) Formaldehyde hydrate (99.9%)
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Problem 19.7

When dissolved in water, trichloroacetaldehyde exists primarily
as its hydrate, called chloral hydrate. Show the structure of

chloral hydrate.



Acid and base catalyzed hydratlon mechanism
; 59184 3 jdaal) Aalay) A

(aann
* The nucleophilic addltlon of water takes place rapidly when is catalyzed

by both base and acid:
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Acid-Catalyzed Addition
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Base-Catalyzed Addition
Lot S s



Nucleophilic Addition of HCN: Cyanohydrin Formation
Crbh sl JSES 1 HCN J (A salS sil) auall

 Aldehydes and unhindered ketones undergo a nucleophilic addition reaction
with HCN to yield cyanohydrins.
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Benzaldehyde Mandelonitrile (88%)
L4 Al) 3 (a cyanohydrin)

& 2004 Thomson/Brooks Cole

(Crowd sila) Ja A shaila



Reduction and Hydrolysis of Cyanohydrine-Nitrile group
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Nucleophilic Addition of Hydride Reagents: reduction
reaction  (Elau) Jold) s ned) Cad) o<t L8 5ulS o) audall

* ( See section 17.4) Hydride reagents ( LiIAIH, or NaBH, ) reduce
aldehydes and ketones to primary and secondary alc 110Is respectively.
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(1745580 ) i M\ujwuyuj

O OH O OH
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R~ ™4  Ethanol R{ "H R~ ~m' Ethanol R{ "H
H R’
Aldehyde 1 Alcohol Ketone 2° Alcohol
¢ Mechanism;: &Y
.-”_‘:. [ e — ]
0 OH
hé g ré H0T le H,0
R R from NaBH, R/ ~H R4 ~H + 2
R’ R’




Nucleophilic Addition of Grignard Reagents RMgX
S B il 51 L oIS ) sl

« Aldehydes react with Grignard reagents R:~ *MgX in ether solution to
give secondary alcohols. Ketones give tertiary alcohols.

iy Ayl VI sl Al Y1 Jolas 3l e () S ae cilaa ) Jelin
LG Y ) il )

O OH 0O OH
g 1. R'MgX _ [|: [|:| 1 R'MaX_ &
H.r' "*-u.H 9 H_3':'+ H.I-:f- 'M.H.- H.ﬂ"" "‘HHr 2. HEC'-I- H;{ "“«-.H

Aldehyde 2% Alcohol Ketone 3° Alcohol



Nucleophilic Addition of Grignard Reagents RMgX (Reaction
mechanism) Ui & i) o<t b 518 oil) aua) 4]
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Mg A tetrahedral
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An alcohol



Nucleophilic Addition of Amines: Imine and Enamine
formation Crralia) 9 Cpag) ¢ cilinadU b 9IS gt} aulall

* Primary amines, RNH,, add to aldehydes and ketones to yield imines, R,C = NR.
Reaction is favored at pH= 4.5. Secondary amines, R,NH, add similarly to yield
enamines, R,N - CR = CR, (ene + amine =unsaturated amine).

. A tetrahedral intermediate is initially formed ( nucleophilic addition) followed by acid-
catalyzed dehydration (elimination of water).

GLuuA_a}ﬂ_J\ uLu.nY\cadc\A.\S\ u\u.m@ RC NR L_wLuA.\\A_JJY\ L_mhu‘ﬁ\cadsb.d\ L;Luu
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7 \C/
RNH> RoINH
_R / \ R_ _R
WOI’k . 191 N~ A ketone or "N
H,O0 + || an aldehyde | + H,0
C 5| .
Pb 19.10, 19.11 Sl /C\s\c/
£ X |

* ‘ An imine Qﬁab}} An enamine
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Predicting the Product of Reaction between a Ketone and
an Amine
Worked Example 19.1

Show the products you would obtain by acid-catalyzed
reaction of 3-pentanone with methylamine, CH;NH,, and with

dimethylamine, (CH;),NH.

Solution
~CHs
N
I + H50
C
CHgCHs™ “CHsCH4
CHzaNH3
An imine
O
.-rf"'c“‘m
CH3CH> CH5CHy
3-Pentanone 7 -
CH3NCH3 Hjc"-m-”CHJ
||_ | + Hz0
fﬂ% HH
CH3CH» [|3
CHg

An enamine



Problem 19.10

Show the products you would obtain by acid-catalyzed
reaction of cyclohexanone with ethylamine, CH;CH,NH,, and

with diethylamine, (CH;CH,),NH.



Imines (Schiff bases) as intermediates in many biological pathways
A sead) elilsal) oo S B Aln g LS jaS (i ) Cilipa)

* The amino acid alanine is metabolized in the body by reaction with the
aldehyde pyridoxal phosphate (PLP), a derivative of vitamin B, to yield a
Schiff base that is further degraded

48 ) e.u Lgﬂ\ e u.u\.u:\ ¢LL;:Y ¢ B6 u.m\_usj LS-"““ Y. Lgﬂ\ (PLP) a_rmﬁ
laay

2-04P0 2-p4P0

|T H COp
T -
c co Cy _Coo
= So N\ 2 = SNTNCH 4 hy0
| Y S, = H

CHa CHg
Pyridoxal phosphate Alanine An imine ) ‘-’HL .
o i Schiff base) (L J
il JLusS g, 4 RN * (e o)



Addition of hydroxylamine and 2,4-dinitrophenylhydrazine:
oximes and Hydrazones
G904 9 aeaS o) 103 A Jadd g i (g3-8 <Y g (el JaS g b o

* Oximes and hydrazones are crystalline solids.
* This helps for identification by measuring their melting points.

Sl 5y (53-8 ¢ ¥ aa gl (el JanS 5 el ae i i€l 5 ciluaaly) Jelés
S e Adle B gy (o8 5 g3l 5 Sl ol gl e ddana 0 ) s
Claaaty g b ikl Gl jatad e aelid sala jleeatl <l j Ll s ) slia dilia
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Oxime

0 N..
OH
+ NHyOH — +  Hy0

Cyclohexanone Hydroxylamine Cyclohexanone oxime
(mp 90 *C)

OSa gl O SR gilaa sl



Addition of hydroxylamine and 2,4-dinitrophenylhydrazine:
oximes and Hydrazones
G910 9 ansS gl 20 01 o4 Jid 9 A (g€ (Y g () JauS g2 aua

2.4-Dinitrophenyl-

hydrazone
H NO H NO
0 2 2
I N N
_C._ HoN~ ~ N~
HaC CHy + | — | + Hy0
c
= NO» HsC” ™CHgq NO3
Acetone 2.4-Dinitrophenyl- Acetone 2 4-dinitrophenyl-
. hydrazine hydrazone (mp 126 °C)

) $ha) JJS:\.\'&.A-icY JJS.-.‘-‘.LSJ'i‘YOJz.'.‘“i

Crilodd Jaid G9a Jaid



Nucleophilic Addition of Hydrazine: The Wolff—Kishner
Reaction
S Cilg g JoU 1 ) gl (b galS 61 ancal)
* Wolff—=Kishner reaction is general method for converting an aldehyde or ketone
into an alkane.

* The reaction involves formation of a hydrazone intermediate.
JSE5 ey 585 QI )] (58S 5 aaall g gail dale 43y 5k i8S (il g Jelas
Jais gl S HaS (55l

o 4k
| \Wi
“ E“““EH CH
CHoCH MM H- 243
©/ 2LH3  HaNNH; Q/ + N; + H0
KOH
Pmpinphenune Propylbenzene (82%)
” HyNNH
Eh ﬁ
Pb 19.13 \/C T KOH \/ ~H Nz + Hz0
Cyclopropane- Methylcyclo-

carbaldehyde propane (72%)



Problem 19.13

Show how you could prepare the following compounds from 4-methyl-3-penten-2-one,
(CH3)7; C=CHCOCHs;.

(a) CHz O (b) CH3 () CHa

|
CH3CHCH3CCH4 CH3C=CHCH3CH3 CH3CHCH;CHLCHS



Nucleophilic Addition of Alcohols: Acetal Formation
il S5 101 523 (18 5l il acal
Aldehydes and ketones react with 2 equivalents of an alcohol in the presence of an acid
catalyst to yield acetals .A hemiacetal (hydroxy ether) is initially formed from the
addition of one equivalent, with equilibrium favoring the carbonyl compound. Acetals
are protecting groups for aldehydes and ketones. The reverse reaction (deprotection) is

favored by treating the acetal with a large excess of aqueous acid to drive the
equilibrium to the left.

Gy iy QUi JS55 pa pimen s pmay J 58 e 0218 ae L ST g calaaaly) Je i
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OCHg

O
OCHgq
2 CHaOH 3
g HCI catalyst j + H30 OH
OCH,
Cyclohexanone Cyclohexanone .

Croilansh ol dimethyl acetal A !l&mmcet.al . ;
d " ‘ db’ d éd O*y J " (d " ‘ u.. " )u.. d ” ‘

Worked Pb 19.2



Nucleophilic Addition of Alcohols: Acetal Formation
Sl JS&5 o1 s L8 galS ol
-Like other ethers, acetals are unreactl\/{e9 to bases, hy%l-‘rjld reducing

agents, Grignard reagents, and catalytic hydrogenation conditions, but they are
cleaved by acid. Thus, we can accomplish the selective reduction of the ester
group in ethyl 4-oxopentanoate by first converting the keto group to an acetal, then
reducing the ester with LiAIH4, and then removing the acetal by treatment with
aqueous acid.

@\ﬁjhﬂ\a\m)m@\jw‘y\ JianY) Jelaty ¥ ¢ il iyl 8 WS
&\;J\uSAA\JSAj ua.q;j\_\ MMJM\Q)AQ\LJJML;YJJM}
UAA;_M\A]\.:.A\_\ dh.w‘)(\ "d\)‘eJUAJ |_|A|H4g_1).w‘2f\ i\;)\e.\yj\ d\_\.w\ L_Q\
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HOCH,CH>0H

. : - " < + H,0
)K/\C/(_)CHz(:HE; Acid catalyst /></\C/""'CH2CH3 _

0 (9

Ethyl 4-oxopentanoate

1. LiAIH,
\\\ Can’t be done 2. H30*
“\, directly
\x
Q HO* O 0O
HOCH,CHo,OH + | : X/\ + CH3CH,OH
""" \CH,0H CH,OH

5-Hydroxy-2-pentanone



Acetal and hemiacetal groups are particularly common in
carbohydrate chemistry

Sl Sl slaass A ald JSdy daild e gana (A JUl a9 Jlisd

e Glucose, for instance, is a polyhydroxy aldehyde that undergoes an internal nucleophilic
addition reaction and exists primarily as a cyclic hemiacetal.

225 R0 L IS i Jelis ey aall Sy s s e )5Sl

" ..l ” . . du._.j_uj SS I lec Lﬁj)i
"‘x _
> GH *| CHaOH.
— HO—\——
HOCH; Y \l( HO - —OH
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Predicting the Product of Reaction between a Ketone

and an Alcohol
Worked Examplel9.2

Show the structure of the acetal you would obtain by acid-
catalyzed reaction of 2-pentanone with 1,3-propanediol.

Solution
0 |
HOCH2CH2CH20H O O
LN H¥ catalyst ’ ::C:: + Hy0
CHqCH2CH4 CHa calalys CH3CH2CH5 CHgq

Z2-Pentanone



Nucleophilic Addition of Phosphorus Ylides: The Wittig

Reaction

i Je ;) shundl) ALY L S5 pual

* Aldehydes and ketones are converted into alkenes by
means of a nucleophilic addition called the Wittig reaction
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Preparation of Phosphorus Ylides

RS

p:” & CHg—Elr P CH,

Triphenylphosphine Methyltriphenyl- Methylenetriphenyl-
. .2 3 . a - hosphonium bromide hosphorane
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Problem 19.16

What carbonyl compound and what phosphorus ylide might you use to
prepare each of the following compounds?

(a) P, W X (e
X



The Cannizzaro Reaction
3138 Jolis

* One molecule of benzaldehyde oxidizes to benzoic acid and another one is
reduced to benzyl alcohol.
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2C¢HscHO LKOH . CH.COOH + CgHsCH,OH
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Problem 19.18
When o-phthalaldehyde is treated with base, o-(hydroxymethyl)benzoic acid is formed.
Show the mechanism of this reaction.

CHO CO5H
1.-0OH
2. HyO*

CHO CH;0H

o-Phthalaldehyde o-{Hydroxymethyl)benzoic acid




NADH is a hydride generator in biological Reactions
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* NADH as in Cannizaro reaction transfers H- to ketones and aldehydes
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Conjugate Nucleophilic Addition to a,B-Unsaturated aldehyde and
ketone (1,4- addition)
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Both primary and secondary amines add to a,-unsaturated aldehydes and
ketones through 1,4 addition to yield B-amino aldehydes and ketones rather
than the alternative imines.
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Conjugate Addition of Alkyl Groups: Organocopper Reactions
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* Grignard reagents give direct (1,2) nucleophilic addition
* Gilman reagents give (1,4) addition.
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HO CH;
1. CH3MgBr, ether or CH3Li
2. HyO* y
0)
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2-Cyclohexenone
1. Li(CH3);Cu, ether
2. Hy0* '
CH,
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Synthesis Using a Conjugate Addition Reaction
Worked Example 19.4

How might you use a conjugate addition reaction to prepare 2-
methyl-3-propylcyclopentanone?

o

CHg

2-Methyl-3-propylcyclopentanone
CH2CH2CH4
Solution

O 0

CH3z 1 Li[CH3CH3CH3)3Cu, athar CHs

2. Hz0*
CH5CH5CH4

2-Methyl-Z2-cyclopentenone 2-Methyl-3-propylcyclopentanone



Problem 19.22
How might conjugate addition reactions of lithium diorganocopper reagents be used to
synthesize the following compounds/?

(a) ﬁ' b) CHg
CH4CH5CH5CH5CH5CCH, CH3

c d CH=CH

(c) CH,CHa (d} 2 5

C{CHgzl3



