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What shall we do?

Introduction to organic and biological chemistry. Classes and
[ Feb 19 J nomenclature of organic compounds. Saturated and unsaturated
hydrocarbons. S; and Adc reactions.

Aromatic hydrocarbons. Orientation in the aromatic ring. Halogen
[ Mar 4 J derivatives of hydrocarbons. Sy reacions. Alcohols, ethers.
Polyhydric alcohols.

( Mar 18 \ Carbonyl compounds — aldehydes and ketones. Carbohydrates.

| Carboxylic acids and their derivatives: amides, nitriles,
Aprl :
anhydrides. Esters, fats.

[ Apr 15 ] Amines, aminoacids, peptides. Heterocyclic compounds and their
biological activity.







The carbonyl group

() ()
J;t ét
TH H:C~ TCH,CH;
benzaldehyde methyl ethyl ketone
() ()
| |
f{'1‘“~._ f{'1‘“~._
H.C~ TOH H:C™~ TOCH,CH;

acetic acid ethyl acetate



thioester

The carbonyl group

O
1

/C\ ©

R O

carboxylate

acyl phosphate

acyl chloride

acid anhydride



Aldehydes and Ketones

O

| | Carbonyl
Aldehyde - an organic C group Ketone - an organic
compound that / N compound containing a
contains the —CHO nonterminal carbonyl (C=0)
(aldehyde) group. group flanked
by two alkyl groups and
0 0 having the general formula

|| | | RR'C=0.

C C
H/ \H R/ \H

Aldehyde Ketone



Structure of the carbonyl group

R? ‘ T bond

Ci ™0
7

Lone electron pairs

found in thesze orhitals

7 bond

Aldehydes {Ifl} p orbital
R-C-H

Ketones 0
T
R{—C—-R>



Naming aldehydes

Nomenclature of Aldehydes

Select the longest carbon chain containing the
carbonyl carbon.

The -e ending of the parent alkane name 1s replaced
by the suffix -al.

The carbonyl carbon 1s always numbered “1.” (It 1s
not necessary to include the number in the name.)

Name the substituents attached to the chain in the
usual way.

o)
0 |
C—H
CHaCHyCH,—C—H

CH3—CHy—CH—CHy—CHj



Naming aldehydes

name ‘e’ is deleted and replaced by ‘al’.

ALKANE - E + AL —» ALKANAL

Eg: H-C=0 CH,-C=0 CH,—CH,- C=0
;1 i la
mothanal ethanal propanal
methane ‘-’ + ‘al’ '
CH,
CH,-CHO  CH,-CH - CH - CH —CHCH,
4 . Lo

2 - chloroethanal 2 - ethyl - 3 - methylpentanal



Naming ketones

Nomenclature of Ketones

« Select the longest carbon chain containing the
carbonyl carbon.

* The -e ending of the parent alkane name is replaced
by the suffix -one.

« Number the chain starting with the end closest to the
ketone group (i.e., the carbonyl carbon should have
the lowest possible number).

« Name the substituents attached to the chain in the
usual way. 0

0 C—CHs

CH3CHsCH;—C—CH3 CH3—CH;—C—CH2—CHs4

CHz—CH>—CH2>—CHs4



Naming aldehydes and ketones

Aldehydes

Z
Y f o b
HaC—CHp-CHa-C butanal
butyraldehyde

CH r,:(D 3-hydroxybutanal

|
HzC—CH-CHz-C B-hydroxybutyraldehyde
LA H ar aldol

(2)-3-chloro-3-phenyl-2-propenal

p-nitrobenzenecarbaldehyde
OzM p-nitrobenzaldehvde

H
ciz-2-ethylcyclopentanecarbaldehyde

)J\/\\/u\ pentanedial
H H glutaraldehyde

kKetones
o
H3C11
oo omene
H=C =
D:l
o]

phenylethanone
CHz acetophenane
methyl phenyl ketone

o

o o
HEC o
2 Br

HzZ # .
2-bromo-4,4-dimethylcyclohexanone
(]
2 CHz :
1 2,2-dimethyl-1-phenylpropanone
HaC C3H3 t-butyl phenyl ketone

0
ZHz
Z 2,2-dimethyl-1,3-cyclopentanedione
CH=

0

]
D
: 3:‘; 1,{*‘ 3-cyclobutyl-3-oxopropanal
20
H



Trivial names of some aldehydes and ketones

H CHgH CH;CH; GHngHzCHzH
‘0=0 =0 ‘=0 Cc=0
4 ! / /

H H H H
formaldehyde acetaldehyde propionaldehyde butyraldebyde
(tmethanal) (ethanal) (propanal) (butanal)

® O
L i
=0 H CH;
ol

acetone

(propanone) benzaldehyde acetophenone



Isomerism of aldehydes and ketones

- [1SOMERISM

| 1
Structural Isomerism Stereoisomerism
Orf $pace 1somerism

(Geometrical isomerism)

| | |
Position Functional Metamerism

CH3

CH3z;—CH2CH2—CHO and CHz;— CH—CHO
Butanal 2-Methyl propanal




Isomerism of aldehydes and ketones

- [1SOMERISM

| 1
Structural Isomerism Stereoisomerism
Orf $pace 1somerism

(Geometrical isomerism)

y | | |
Chain [Positi{m} Functional Metamerisim

0 0
I I

CH3—CHz2CHz —C— CH3z and CH3zCHz —C—CHz CH3

Pentan-2-one Pentan-3-ane




Physical Properties of
Aldehydes and Ketones

The Polarity of the Carbonyl Group

« (Carbonyl compounds are polar, containing a dipole
along the carbon-oxygen double bond.

N
PN

This creates weak attractive forces between carbonyl
compounds, but these attractions are not as strong as
those that result from hydrogen-bonding.



Important aldehydes and ketones

o 0

|
HOCH,—C—CH,0H J\/\/\

Dihvdroxvacetone
Active ingredient in "bronzers" that
provide fake suntan coloration; reacts
with dead, outer skin cells to produce
a darker color: fades as the dead skin
cells slough off.

2-Heptanone
Found in oil of clove; also present in
the odor of many fruits and dairy
products, and is also responsible for
the odor of blue cheese.

0
0
CHj
CH40

HO Lingerone

HO Vanillin The pungent, hot component of ginger

Navonng in Vanilla beans



Important aldehydes and ketones

O
CH CH
: 3 CHj
Acetophenone
CHy Used in perfurmery, and as an organic
0 solvent; also used in the synthesis of
some pharmeceuticals
Camphor
Isolated by steam distillation from the camphor tree CHsq

of China and Japan. Camphor 18 a counter-irritant
(produces a superficial inflammation to reduce deeper
inflammation) and antipruritic (anti-itching)
medication; it appears (o selectively stimulate cold
sensors. 1t also stimulates the respiratory systems and
inspires deep breathing, but can cause convulsions

and respiratory collapse in larger doses. 0

CH3zCHCH3

Menthone



Important aldehydes and ketones

0]

S H

I

Hyacinthin

Cinnamaldehyde Found in hyacinth

The flavoring in oil of cinnamon; obtained by
steam distillation from the bark of the
cinnamon tree: has a carminalive action
(releases hydrogen sulfide, methane, and

hydrogen from the intesting) CH3

2-Methylundecanal

'_",,_-' One of the first of the syathetic H
perfumes, introduced by Coco

Chanel in 1921 as Chanel No. 5

Citronellal
Found in citronella oil:
used as an insect repellant



Synthesis of aldehydes

oxydation by potassium dichromate of pyridinium chlorochromate (PCC)

(O] PCC/CH,CL,
RCH,OH » RCHO = RCH,OH
K,Cr,0, + dil. H,SO, -H,0

-H,0

PCC/CH,Cl,
CH,=CHCH,OH » CH,~ CHCHO + H,0

dehydrogenation by copper under heating

CH,OH CHO
0 2
R.CH,OH 205 RCHO + H, ; O Cu/300°C O’
_]-[2




Synthesis of ketones

from secondary alcohols

| CH,),CO
RCH(OH)R’ O] a RCOR’ = HCHY,COIA CH,COCH, + RCH(OH)R'
20 aleohol (KQCI‘EOT ;c'jlrl- Hg:(-.'oq)rf ketone N CH;};E:HDH Oppenauer oxidation

Dehydrogenation of secondary alcohols yield ketones

Cu/300°C
RCH(OH)R’ ———— —» RCOR’ + H,

ketone

from calcium salts of carboxylic acids

dry distillation
(RCOO),Ca = RCOR + CﬂC03

simple ketone

_ dry distillation
(RCOO),Ca + (RCOO),Ca > JRCOR’ + 2 CaCO,

mixed ketone

dry distillation
(RCO0),Ca + (CH,CO0),Ca — > 2RCOCH, + 2CaCO,

calcium acetarte methyl ketone




Reactions of the carbonyl group

Oxidation of Alcohols to Produce Carbonyls

« Aldehydes, like primary alcohols, can be oxidized to
produce carboxylic acids:

H O O
eton A Lo

| R” H R™  oH

H aldehyde carboxylic acid

1° alechol

« Secondary alcohols can be oxidized to produce
ketones, which are not further oxidized:

H O
i ton L
I R,""’ HR,
R ketone



Reactions of the carbonyl group

Hydrogenation of Aldehydes and Ketones

« Hydrogenation of aldehydes and ketones with
hydrogen gas and a platinum catalyst produces

alcohols:

0O OH

Pt
R—C—H + Hp — = R—C—H
an aldehyde |
H
a primary alcohol
O OH

R—J’.’L—R' + Hs Pt R—C—R'

a ketone |

H

a secondary alcohol



Reactions of the carbonyl group

Addition of Alcohols to Aldehydes

» Aldehydes react with alcohols first to form
hemiacetals, which then react with excess alcohol to

produce acetals.

O OH OR"
| H* | H* |
rR—C—4H — R—C—H —= R—C—H
debrod R'—OH | R"—OH I
eEEE OR' OR'
hemiacetal acetal
0 OH OCH;
I - ” |
CH3—C—H CHz—C—H CH3—C—H




Reactions of the carbonyl group

1. Oxidation of Aldehydes to give Carboxylic Acids
I I
r—c—H Ol e & _on
aldehyde carboxylic acid

2. (Oxidation of Ketones — Mo Reaction
I
r—c—R e nrR
ketone

3. Hvdrogenation of Aldehydes to give Primary Alcohols
O O—H

R—C—H+ H 2= R—C—H
aldehyde |

primary alcohol

4. Hydrogenation of Ketones to give Secondary Alcohols

I |
R—C—R + H3 1, R=—C—R
ketone |

H
secondary alcohol



Reactions of the carbonyl group

5. Addition of an Alcohol to an Aldehyde to form an Acetal

I | |
R—C—H —H - R—C—H - R—C—H
ROH ROH
aldclryde OR OR
hemiacetal meetal
6. Addition of an Alcohol to a Ketone to form a Ketal
I i i
+ +
R——R e H_{I:_H S E_{lj_ﬁ
ROH ROH
ketone OR OR
hemiketal ketal
T. Hvdrolysis of an Acetal to give an Aldehyde
OR

+
R—C—H + H;0 A R—C—H + 2 ROH

| aldchyde  alcohol

OR
acetal
8. Hydrolysis of a Ketal to give a Ketone
OR
H-I-

R—C—R + H;0 == R—(C—R + ZROH

l ketone alcohol
OR

ketal



Reactions of the carbonyl group

nucleophilic addition

R—C—R'—
aldehyde/kerone
(R’=H, alkyl or ary})

OH OH
H.O
HCN — R_..(tj—(_j[\] —2 »R—C—COOH
E heat |
R’ R
OH
NaHSOi | .
—»R—C—50,Na (used as test for carbonyl compounds)
R’ white solid
H,N—NH

condensation

L R\C=N—NH2 (hydrazone) + H,0

R—C—R'—
aldehyde/ketone

ey
’ - :c=N;NH—© (phenyl hydrazone) + H,0
RI

H,N—NH—C—NH, R

(R'=H, alkyl or aryl)

H,NOH

o)
I
— C=N“NH—JZ—NH2+ H,0

RJ/ (semicarbazone)

R
*}:=NOH + HED
R‘{ oxime



Reactions of the carbonyl group

Addition of lithium organic
compounds and Grignard reactives

0 OH
I
+ . — = R-C-H
H "H .
H
R ILi 0 ‘?H
of + R’ DHH R—flj—H
RMgX R
a OH
_|_ E-\._ _ _ [ N |
r-Copge R-C-R

RI



Reactions of the carbonyl group - Ad,

[ "
4:5-,,&5 03 =low _=L.[_|

C—0
/

Plarnar Tetrahedral intermediate

H Fast step

55

Addition Produck




Reactions of the carbonyl group

oxidation of aldehydes

2[Ag(NH,),JOH _

Tollen’s reagent, hear

2Ag |+ RCOONH, + 3NH, + H,0

silver mirror

RCHO —
2Cu(OH), + NaOH
WO, + MO, w04+ RCOOH

red ppt.

Fehling solution

dil. H,50C
Cn0,) + & H, il- RCOOH (orange colour of dichromate solution turns green)

heat
lodophorm reaction

aqueous
RCOCH, + 31, + 4NaOH —— RCOONa + CHI, + 3Nal + 3H,0

methyl ketone heat iodoform



Carbohyd rates ..



Representatives of carbohydrates

CHC -:I“
Tricess H o 1 H . S
| I
CHOH CHAH
D-glye erclckhyde L-glyeeraldehyde
CHO
H D e 1H
Fenices H _é =—01H
H i w1 H
|
CHOH
Curibiose
CHD CHO
|
H—_C —idH Hl1—C—H
| |
Hewgmes H—o—H H':'_T_H
H—~C —iH H—_C —idH
H—_C —idH H—_C—1dH
| |
CHOH CHzCH
Ceplup o [Lmannose Czalactoess




Representatives of carbohydrates

| Carbohydrates

l

Monosaccharides Disaccharides Oligosaccharides Polysaccharides

{one (two (twoto ten (ten or more

sugar malecula) sugar malecules) sugar moleculas) sugar molecules)
i - = Starch

—>| Glucose ucrose —*| Raffincse

—-li Fructose = Lactose —»| Stachyose —* Glycogen

»! Galactose Maltose — cellulose
I




Representatives of carbohydrates

0O
Hm(ljf? EH';OH
H-C-OH o
HO—(:D-H Ho—(é—;
H-C-OH H-= _oH
H-C-OH H-G-Oh
oM CH,OH

Glucose Fructose



Open-chain and cyclic carbohydrates

H OH
\ /
C___..
|
H-C-OH
|

HO-C-H O

I
H-C-OH
I
H-C———
I
CH,OH

a-D-glucose

‘—
—

CHO
e
HO-(l:-H
H-|C-OH
H-(l:—OH
CIHZOH

open chain

i1

HO H

%d
C__.._.
|

H-C-OH
|
HO-C-H O
|
H-C-OH

| 6
. .. CH,OH
| 1 5 eiher Linkage

CH,OH
p-D-glucose Q \\ |
\O“ H/|

HO C—Cz

H OH

D-glucose



Open-chain and cyclic carbohydrates




Condensation of carbohydrates

Beta-glycoside
binding

CH,OH / (I'.‘HEOH
I

 / H | H N
(I: OH H c,: Ol C, OH H q
HO‘\ I | IH N\ | fOH
C-C ¢-¢
H OH H OH

Cellobiose

(Glucose- [ (1->4)-glucose)



Physiological role of carbohydrates

Monosaccharides are the major source of
fuel for metabolism, being used both as an
energy source (glucose being the most
\ important in nature) and in biosynthesis.
L When monosaccharides are not
immediately needed by many cells they
are often converted to more space efficient
forms, often polysaccharides. In many
animals, including humans, this storage
form is glycogen, especially in liver and
muscle cells. In plants, starch is used for
the same purpose.







Disaccharides

CH,OH CH,OH

OH OH aH

HO oH HO O CH,0H
OH _H
H"""-.[:, |

monosaccharide [glucese) HOCH CH
2

disaccharide [suchose)

CHOH CHOH CH,OH CH,OH

8 ) 8 8
o H CH CH H
o o 8 o
CH CH CH CH

polysaccharide famylose starch)



Structure of polysaccharides




Structure of polysaccharides

OH
HO
0
HO
OH

Cellulose

wm

Cllb

OH
OH
o 0
OH
o) HO
OH
OH




Structure of polysaccharides
Starch

@ ©-@-O-O
Cellulose

OHOHeeo

Glycogen
abpiqz

L




Physiological role of polysacharides

Carbohydrates are not necessary building blocks of
other molecules, and the body can obtain all its
energy from protein and fats. The brain and
neurons generally cannot burn fat for energy, but
use glucose or ketones.

Organisms typically cannot metabolize all types of
carbohydrate to yield energy. Glucose is a nearly
universal and accessible source of calories.
Polysaccharides are also common sources of
energy. Many organisms can easily break down
starches into glucose, however, most organisms
cannot metabolize cellulose or other
polysaccharides like chitin. These carbohydrates
types can be metabolized by some bacteria.

Even though these complex carbohydrates are not
very digestible, they may comprise important
dietary elements for humans. Called dietary fiber,
these carbohydrates enhance digestion among
other benefits.



What shall we do?

Introduction to organic and biological chemistry. Classes and
[ Feb 19 J nomenclature of organic compounds. Saturated and unsaturated
hydrocarbons. S; and Adc reactions.

Aromatic hydrocarbons. Orientation in the aromatic ring. Halogen
[ Mar 4 J derivatives of hydrocarbons. Sy reacions. Alcohols, ethers.
Polyhydric alcohols.

( Mar 18 \ Carbonyl compounds — aldehydes and ketones. Carbohydrates.

A | Carboxylic acids and their derivatives: amides, nitriles,
prl )
anhydrides. Esters, fats.

[ Apr 15 ] Amines, aminoacids, peptides. Heterocyclic compounds and their
biological activity.
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