Pharmaceutical Organic
Chemistry-1

Chapter-5: Aldehydes & Ketones
+ MCQ'S

By : Mohammad Alkhawaldeh
Morphin ¢ 8



Aldehydes & Ketones
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Aldehydes & Ketones

\c=0° The carbonyl group -0l
L C=C u,o;).‘osl
/ S
polar x5!
¥4 trigonal planar 4/s. S g0l oy Oxygen :g{ﬂ ‘Polar i
. ° ° + *
o Carbon is sp? hybridized. O o

\ 2. 3
o C=0 bond is shorter, stronger, and more polar than C=C bond in alkenes.

length energy

ketone C=0 bond 1.23 A 178 kcal/mol
(745 kJ/mol)

~ alkene C=C bond 1.34 A 146 kcal/mol
(611 kJ/mol)




Structure of Aldehydes and Ketones

o Aldehydes and ketones are characterized by the presence of the carbonyl group.

O«—C arbonyl oxvgen
I

C*"l— Carbonyl carbon

The carbonyl group é\ . _—

o Aldehydes have at least one hydrogen atom attached to the carbonyl carbon ato

The remaining group may be another hydrogen atom or any aliphatic or aromatic organiic

group. J8Yl Lo s>1g Hydrogen - fasise
The -CH=0 group characteristic of aldehydes is often called a formyl group. Formy! group desazall e
O In ketones, the carbonyl carbon atom is connected to two other carbon atoms.
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carbonyl group

aldehyde aldehyde group or formyl group ketone



Nomenclature of Aldehydes

IUPAC System

o Aliphatic aldehydes are named by dropping the suffix -e from the name of the
hydrocarbon that has the same carbon skeleton as the aldehyde and replacing it with the
suffix -al.

1Jed! oldll
LS . A |
Alkane - e+ al = Alkanal e FE5 05% 22l sl ]
al- s oAy e- J.‘Au
O O O O
| I | |
methanal ethanal propanal butanal
(formaldehyde) (acetaldehyde) (propionaldehyde) (n-butyraldehyde)

ey -




Nomenclature of Aldehydes
IUPAC System 1 @801 L legigssS 9 CHO dgz (v dlulidl @833

o Substituted aldehydes, we number the chain starting with the aldehyde carbon.

* -CH=0O group is assigned the number 1 position—___

* Aldehyde group has priority over a double bond or hydroxyl group.
0 0 0

{ 3 2 3 2 3 2 1 ”
CH3(|JHCH2—C—H CH,—CH-—Cl;—C—H (|3H2—(|“,I-I—C—H
CH, OH OH

3-methylbutanal 3-butenal 2,.3-dihydroxypropanal

(glyceraldehyde)

o Cyclic aldehydes, the suffix —carbaldehyde is used.

CHO CHO
///'A\ (”) )\\ /\/ ()H
\"“\//_ = \/ \/
Common formylcyclopentane salicylaldehyd
(IUPAC) (cyclopentancarbaldehyde) ( benzaldehyde) (2-hydroxybenzaldehyde)



Nomenclature of Aldehydes

IUPAC System

o Aromatic aldehydes are usually designated as derivatives of the simplest aromatic
aldehyde, benzaldehyde.  Benzaldehyde waws coin e Csly i JS

H O H O H 0 H O
\0»7 o N R
i i i CH i
NO- OCH 4
Benzaldehyde  p-Nitrobenzaldehyde — o-Hydroxvbenzaldehvde — p-Methoxvbenzaldehvde
(Salicvlaldehvde) (Anisaldehvde)
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Nomenclature of Ketone

Common Names

o Common names of ketones are formed by adding the word ketone to the names of
the alkyl or aryl groups attached to the carbonyl carbon. Alkyl ketone.

O In still other cases, traditional names are used. comMon name s uu . Ketone g @ ol samal elad i

3 2 i ]
[
H.C—C—CH; H3C—C—CH3CHs HSG—C—EZCHE HaGHzG—CO
Acetone Ethyl methyl ketone Methyl vinyl ketone Cyclopentyl ethyl ketone
(Dimethv] ketone)

SOy O

Methyl phenyl ketone Diphenyl ketone
(Acetophenone) (Benzophenone)



Nomenclature of Aldehydes

IUPAC System

O In the IUPAC system, the ending for ketones is -one.
O The chain is numbered so that the carbonyl carbon has the lowest possible number.
o For cyclic ketones, numbering always starts from the C=0O group.
o The prefix "oxo" is used when the ketone is not the principal functional group.
N - ¢ -
= OXb AL 559 Wﬁf\g—&\‘o:f"(&sﬁ s Lol
7 i g
3 5 ¢ CH»-C-CH>-CH»-C—-H "
- CH;—C—CHj lH —C—CH, (4H; ( "H;CH,—C —(4H ,CH; . clf\ 2~Ch; % JS'Q" 52 ug)[nﬂ
IUPAC propanone anon: -pentan O O L.J Ug 41"‘.&”
(Common) (acetone) (ath\lnuthsll\uonc) (duth)ll\aum) 4-oxopentanal s 5 9 one
O o) u” J""S—’)S”
el & JBl Tk,
| II | CH3CH,—C—CH>CH,COOH
e ] 73 % H,=CH—C—CH, I
ohexanone 2-methylcyclopentanone uten-2-one O
| (methyl vinyl ketone) 4-oxohexanoic acid



Nomenclature of Aldehydes Ketones

NOTES

o In common names carbon atoms near the carbonyl group are often designated by Greek letters.
o The atom adjacent to the function is alpha (a), the next removed is beta (8) and so on. Since

ketones have two sets of neighboring atoms)one set'is labeled @, B8 etc., and the other o', 8" etc.
e oS 131 Al is

(J#555) wleed e @68 5251l
(00 pASiucy SO (ARER >
Wi, 3 as,edl Aldehydes Ketones Lo o W)l AuSetucy
ale Lo « Il asly g 4
Z" g ¥ 9 0 Fate propanone 44;“;_)[:‘9; (:f:gfl
HaC—=CH2-CH>- C butanal 2,C=O acetone i T
4 2 2 H butyraldehyde H3zC 3 S>>
OH //0 3-hydroxybutanal 5 ~ O
H3C CH —CH2-C p-hydroxybutyraldehyde H3C > er
g “ H or al HeC: 2 2-bromo-4,4-dimethylcyclohexanone

(daasl) dglodl oy \)
o The functional group priority order in nomenclature system is as following: /s on 5 3 ol
Acid and derivatives >aldehyde> ketone> alcohol > amine > alkene > alkyne > ether e 4¢




The Carbonyl Group

o The structure and properties of the carbonyl group. e b & Co 2l

» The carbon—oxygen double bond consists of a sigma bond and a pi bond. Mo Lok

» The carbon atom is sp?-hybridized. The three atoms attached to the carbonyl carbon lie in
a plane with bond angles of 120°.

» The pi bond is formed by overlap of a p orbital on carbon with an oxygen p orbital.
» There are also two unshared electron pairs on the oxygen atom. lone pairs 2 :o1e xS ol

» The C=0 bond distance is 1.24A, shorter than the C-O distance in alcohols and ethers
(1.43A). edl dly

(a)

11



The Carbonyl Group

o Oxygen is much more electronegative than carbon. Therefore, the electrons in the
C=0 bond are attracted to the oxygen, producing a highly polarized bond.

“",,, L, I/ “ ; "”//At e - ',",,,‘1 :t— ﬁ‘—' “’/,/ _—i—’
resonance contributors polarization of the
to the carbonyl group carbonyl group

o As a consequence of this polarization, most carbonyl reactions involve nucleophilic
attack at the carbonyl carbon, often accompanied by addition of a proton to the

oxygen (electron rich). adde asls pgagll B Lo ySI] ygs3Sl
"',’.")4- o—
1 ,/"\
attack here b}' R - C=0 +— may react
nucleophile with a proton
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Physical Properties of Aldehydes and Ketones

Boiling Points alcohols e J8ls hydrocarbons e el &gzl o Olsglgdsl BP

» Carbonyl compounds boil at higher temperatures than hydrocarbons, but at lower
temperatures than alcohols of comparable molecular weight.

CH,(CH,),CH, CH,(CH,,CH=0 CH,(CH,),CH,0H

el o

hexane (bp 69°C) pentanal (bp 102°C) pentanol (bp 118°C)

» This is due to the intermolecular forces of attraction, called dipole-dipole interactions,
which is stronger than van der Waals attractions but not as strong as hydrogen bonds.

- N&+/ T sal> gily i b
(")""C Dipole—dipole
C___g &3 ¢98 i interactions
CGANES hydrogen bonding

Dipole-dipole attractions among carbonyl compounds
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Physical Properties of Aldehydes and Ketones

Solubility

dwasi g O—H pasue Lo
o Carbonyl compounds as aldehydes and ketones have a C=0O bond, bu’r no O-H

bond, cannot form hydrogen bonds with themselves.

o The polarity of the carbonyl group also affects the solubility properties of
aldehydes and ketones.

o Carbonyl compounds with low molecular weights are soluble in water as they can

form hydrogen bonds with O-H or N-H compounds. X .

"",’-":)'{" o— O+ ¢
C=0:---H—0
/ .o

14



Preparation of
Aldehydes and Ketones

538920 3lga o diyoxa o dlgu d8y oy 0tS o wulguadl yobnd

=3 y
2x3 -

1) Oxidation of Primary and Secondary Alcohols

o Oxidation of secondary alcohols yields ketones.

O
Primary alcohol — Aldehyde [0] |
Secondary alcohol — Ketone FE-CHOH — R—(C—R
2% alcohol Ketone
OH O
| Cu’ £\ I
H;C—=C—CH; = H;C—C—CH;
H or PCC - -
Propan-2-ol or KMnO; Propanaone

15
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2) Hydration of Alkynes

Llas)l el Wageys cisasle Jlo Jelds dllac of el dae Mo
o Hydration of acetylene yields acetaldehyde (catalyzed by acid and mercuric).

HgSO. H” |
HC=CH =+ H,0 F[H—G:GH
|

OH

—

H
Vinvl alcohol
(enol form of acetald ehvde,
unstable) (<1%)

Preparation of

Aldehydes and Ketones

0
|
H.,C—C—H
Acetaldehvde

(keto form, stable)
(>99%)

16



Preparation of

2) Hydration of Alkynes Aldehydes and Ketones

VA os2S Ldasy 71y Acetylene J! las Lo o283l Terminal J! 42520

o Hydration of terminal alkynes EXCEPT c:ce’ryleneﬁyie&ke’rones (catalyzed by acid
and mercuric).

I
CH,(CH,)sC=CH ———~ CH,(CH,);CCH,

L

1-octyne ‘ 2-octanone

OH [ﬁ
HgS0,, H* |
HCHC=CH = Hz0 g—.. HaC C=CHz| == H,C—C—CH:

(enol form, unstable) (keto form, stable)
(<1 %) (=009%)

17



3) Ozonolysis of Alkenes

Product (aldehyde or ketone) depends on the structure of alkene.

H36HEGHE=3=CHGH3

CHs

I
ng::r::=g='3H'3Ha

@,U

Preparation of

Aldehydes and Ketones

S8 S e samy
v 930l Ayl s

H H
W9 | hcHce=0 - o=¢ccH
(2)Zn H,O0 ¢ 3
CH4 H
(1) O3 | |
= H:CC=0 + O=(CHs
(2) Zn. HyO
H
0 .
(2) Zn, Ho0 —C=(CH2)4—C=

18



4) Friedel-Crafts Acylation

(]

Preparing ketones that contain an aromatic ring.

@ _

OO

o
I

HaCH.C—C—Cl

Propionv] chloride

O
I

Benzovl chloride

O

5 I
20 ()-Loomon

Ethvl phenvl ketone
(Prpiophenone)

0
2 ()

Diphenvl ketone
(Benzophenone)

Preparation of

Aldehydes and Ketones
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Reactions of Aldehydes and Ketones

A) Reduction of Carbonyl Compounds

o Aldehydes and ketones are easily reduced to primary and secondary alcohols,
respectively.

O The most common metal hydrides used to reduce carbonyl compounds are lithium
aluminum hydride (LiAlH,) and sodium borohydride (NaBH,).

- ion:
o  O—AH.  oH Reductio o
ol % Lt _HO "oc/ Aldehyde — 1" Alcohol
7 Gl 7 \H S 4 \H Ketone — 2" Alcohol
. aluminum alcohol
s— 1 S alkoxide
H—AIH, Lit - djasall Jalgall
LiAIH, &4
NaBH, s

o Example:

<4>: 1. LiAlH, ><H
2. HY,H,0 i OH

|."|U‘A‘ 1No!
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bi\@;’g\w ) — . Reactions of

Aldehydes and Ketones
B) Oxidation of Carbonyl Compounds

—
o Oxidation of aldehydes gives a carboxylic acid with the same number of carbon
atoms.

O Because the reaction occurs easily, many oxidizing agents, such as KMnO,, CrO,,

Ag,O and peracids (such as, perchloric acid HCIO4, and permanganic acid
HMnO4). will work.

O st O
" oxidizing ”
agent
R—C—H - R—C—OH
‘]«‘\I\. acid Ketones x \ SL‘*? LO
="
o Example: )
Cro, H* '
CH,(CH,)sCH=0 : CH,(CH,)sCO,H

(Jones’ reagent) LY S

CHO CO,H

21


https://www.dictionary.com/browse/perchloric-acid
https://www.dictionary.com/browse/permanganic-acid

Reactions of
Aldehydes and Ketones

C) Nucleophilic Addition Reactions 009 o @ dyle amgs JubodlSaull 8 +8 eyl

clas

O Nucleophiles attack the carbon atom of a carbon-oxygen double bond because
that carbon has a partial positive charge.

o The overall reaction involves addition of a nucleophile and a proton across the pi
bond of the carbonyl group (when carried out in alcohol or water).

Nu Nu
NU :— + L:O . ﬁ "“\\\(_/'—O :— i '.‘\\\\C_()}—I

7 A

trigonal tetrahedral tetrahedral
reactant intermediate product

22



Reactions of

C) Nucleophilic Addition Reactions Aldehydes and Ketones

1) Addition of Grignard Reagents: Formation of Alcohols

o Grignard reagents act as carbon nucleophiles toward carbonyl compounds.

o The reaction of a Grignard reagent with a carbonyl compound provides a useful route to alcohols.

- R\ + R\
Y M N = H,O e
C=0 + RMgX By C—OMgX —g~ [LO—OH + Mg*X~Cl™
/ L ...\\\ "‘\y C
intermediate addition an alcohol
product (a magnesium
alkoxide)
R
“ 1) RMgX. dry eth \ | 24y — ]
C=0 12BMeX. dry cther C—OH + Mg**X~Cl
7 2)H;0

Doe .‘7
dll :'.-,"Ill 1

O The type of carbonyl compound chosen determines the class of alcohol produced.
23



Reactions of

Aldehydes and Ketones

C) Nucleophilic Addition Reactions

1) Addition of Grignard Reagents: Formation of Alcohols
O Formaldehyde gives primary alcohols./

O H H
! ‘, H,0 -
R—MgX + H—C—H — R—C—OMgX —z~ R—C—OH .
| | Aldehyde — 27 Alcohol
Py H - H _ Ketone — 3" Alcohol
formaldehyde / a primary alcohol .
o Ofther aldehydes give secondary alcohols Formaldehyde — 1" Alcohol
O R’ R’
I | H,0 |
R—MgX + R—C—H —— R—(‘A—()ng T R—(’_—()H
H H
d]dt‘h.\'d/t’ a secondary alcohol
o Ketones give tertiary alcohols.
O R’ R’
I L H,0 L
R—MgX + B—€C€—K"— R—(‘,f—()MgX BT R—(‘ —OH
R" R"

ketone a tertiary alcohol 24



C) Nucleophilic Addition Reactions

Hc N

Reactions of
Aldehydes and Ketones

2) Addition of Hydrogen Cyanide: Formation of Cyanohydrins

o Hydrogen cyanide adds to the carbonyl group of aldehydes and ketones to form

cyanohydrins, compounds with a hydroxyl and a cyano group attached to the same

carbon. NC
"y, ... KOH .
C=0 + HCN LC—OH
a cyanohydrin
I T
o Example CH,—C—CH, pra" CH3—(|3—CI—I3
CN
acetone acetone cyanohydrin
o. _H
HO CN
\ )
- KO S
- H

/

benzaldehyde
benzaldehyde cyanohydrin

25



Reactions of

C) Nucleophilic Addition Reactions Aldehydes and Ketones

9 (g yidl 8lo] dbluwy gag

o 0 ° ° ° ° UL‘S Imiens 'S-hgb‘-’ Gladn
3) Addition of Ammonia and Ammonia Derivatives e T

S
The addition of nitrogen nucleophile, such as ammonia(NH,;) and substituted ammonia
(NH2-Y)0
™~ H ~
— H,N-Y =—N- H,0
/C o + Hj — /C N-Y + R
Nitrogen nucleophile Nitrogen derivative
of carbonyl compound
. ~ZNH3_ . :C=FJ—H
- 311{5&?1:1:_531:15:
NHZOH — = O C—=N—0OH
Hudmomovlamine - Osivne ;
=0 _< .,
NHz—MNH —=  C=RN—NH;
= = .-{-I,-"
Hrdmrine Hrim=ons
N
NH;-NH@ - xC:P‘I'NH@
R Phenvihwimzons 26

Phamtrsdrazine



Aldehydes & Ketones — MCQs and True/False

Q1. Which of the following functional groups characterizes aldehydes?
A) -CO-

B) -CHO

C) -COOH

D) —OH

Q2. In aldehydes and ketones, the carbonyl carbon is:
A) sp

B) sp?

C) sp?

D) not hybridized

Q3. The C=0 bond is more polar than the C=C bond because:
A) Carbon is more electronegative
B) Oxygen is more electronegative
C) Carbon has lone pairs

D) Oxygen is less electronegative
Q4)

Which compound is a ketone?

A) CH,CHO

B) HCHO

C) CH,COCH,

D) C;H,CHO

Q5. The —CHO group is called:
A) Acetyl group

B) Carbonyl group

C) Formyl group

D) Hydroxyl group

Q6. Aldehydes are named by replacing the suffix:
A) -ane with -one

B) -ol with -al

C) -e with -al

D) -e with -one

Q7. Numbering in aldehydes starts from:
A) Any end

B) The longest chain

C) The carbonyl carbon

D) The methyl group

Q8. Which has higher priority?
A) Ketone

B) Alcohol

C) Alkene

D) Aldehyde

Q9. Carbonyl group consists of:
A) Two sigma bonds

B) One sigma and one pi bond
C) Two pi bonds

D) One sigma bond

Q10. Higher boiling points of aldehydes are due to:
A) Hydrogen bonding



B) lonic bonding
C) Dipole—dipole interactions
D) Covalent bonding

Q11. Which cannot hydrogen bond with itself?
A) Alcohol

B) Aldehyde

C) Carboxylic acid

D) Amine

Q12. Oxidation of secondary alcohol gives:
A) Aldehyde

B) Ketone

C) Acid

D) Alkene

Q13. Hydration of acetylene gives:
A) Acetone

B) Ethanol

C) Acetaldehyde

D) Formaldehyde

Q14.

Which reagent is commonly used toreduce aldehydes and ketones?
A) KMnO,

B) CrO,

C) LiAlH,

D) H,SO,

Q15. Which is easily oxidized?
A) Ketone

B) Aldehyde

C) Ether

D) Alkane

T/F16. A ketone has a hydrogen on the carbonyl carbon.
T/F17. The carbonyl carbon is electrophilic.

T/F18. Aldehydes are planar around C=0.

T/F19. Ketones oxidize easily to acids.

T/F20. Low MW aldehydes are water soluble.

T/F21. Grignard reagents are nucleophiles.

T/F22. Formaldehyde + Grignard - tertiary alcohol.
T/F23. Cyanohydrins form from HCN addition.

T/F24. Nucleophile attacks oxygen in C=0.

T/F25. Ketone reduction gives secondary alcohol.
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Answer Key



