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Organic Chemistry

1 Hydrocarbon
Alkane, Alkene, Alkyen

Aromatic compound

1 Functional group

Alcohol, ether,
aldehyde, ketone,

carboxylic acid, ester

Amine, amide
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ﬁg ‘ Introduction of Organic Chemistry

organic chemistry is the chemistry of carbon
compounds

Organic compounds is divided into three classes:

(1) hydrocarbons,

(2) compounds containing oxygen, and

(3) Compounds containing nitrogen

Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



A simple classification of organic compounds

Organic compounds

1 1

Hydrocarbons

(contain only C and H)

Aliphatic

Alkanes
(C-C)

Alkenes
(C=C)

Alkynes
(C=C)

Contain C,Hand O

(Functional groups)

Aromatic

QO

Alcohol & ether

Aldehyde & Ketone

Contain C, Hand N

(Functional groups)

Carboxylic acid & ester

Chemistry M6

amines

Amide




—

lfable 3.1 Hydrocarbons

Type of compound General structure
Alkane [C H, .,] R—H
N A
Alkene [C.H,.] /CZC\
Alkyne [CH, ] —C=0—

Aromatic compound ©

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.

Example

CH4CH

H—C=C—H

(J

Functional group

double bond

triple bond

phenyl group



Sample Problem 1.1 Classifying Organic compounds

PROBLEM: (Classify each of the following compounds as an alkane,
alkene, alkyne, aromatic.

(a) CH;=CH,~CH,=CHj (c) ©/CH3

(b) | | (d)  CH;-C=C—H

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



A simple classification of organic compounds

Hydrocarbons

(contain only C and H)

Aromatic

C

Aliphatic

Alkanes
(C-C)

Alkenes
(C=C)

Alkynes
(C=C)

Organic compounds

Contain C, Hand O

(Functional groups)

Alcohol & ether

Aldehyde & Ketone

ContainC, Hand N

(Functional groups)

Carboxylic acid & ester

Chemistry M6

amines

Amide




Organic Compounds containing oxygen

Type of compound

Alcohol

Ether

Aldehyde

Ketone

Carboxylic

acid

Ester

General structure

Example

CH;—OH

CH;—O—CH,

0=0

S

CHy "H

0=0

CH; ~CHs

:0:
[l

CH3/ \CH

O

:0:
[l

Cou
CHy QCHj

3-D structure

@ ’/(
o
o

oo

o g

*

‘o %o
@

B
<
&

<<

.

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.

Functional group

-OH
hydroxy group

-OR
alkoxy group

C=0
carbonyl group

C=0
carbonyl group

—COOH
carboxy group

—COOR



Organic Compounds containing nitrogen

Type of compound General structure Example 3-D structure Functional group
Amine R—RiH, or CHy—H, ‘ﬁ_‘, -NH,
R2NH or Rsf\] & v amino group
;?: :ﬁ): ?
; _C... H(orR I —CONH,,
Amide RTN \or D CH; ~NH, < ’/‘?/ —CONHR, or
—CONR
H (or R) E
< :
O
i H. ¢ H
N - S
—C C—H
_ I I
y \C,c\ H
H o H
H H
9

Smith, J. (2010). Organic Chemistry: McGraw-Hill Education.



Sample Problem 1.2 Classifying Organic compounds

PROBLEM: (Classify each of the following compounds as alcohol, ether,
carboxylic, ester, amine, amide.

0
(a) CH,~CH,~CH,—~CH,-OH (b) é () I
/C\
H,C OH
H 0
‘>_ |
) N, (e) H—C—OH (f) /E\
Fl| H5C H

O

(8)
NH,

10



A simple classification of organic compounds

Organic compounds

—

Hydrocarbons ContainC,Hand O ContainC,Hand N
(contain only C and H) (Functional groups) (Functional groups)
: : . amines
Aliphatic Aromatic Alcohol & ether
Amide
Alkanes @ Aldehyde & Ketone
(C-C)
Alkenes Carboxylic acid & ester
(C=C)
Alkynes
(C=C)

11
Chemistry M6



ﬁg ‘ Hydrocarbon

The hydrocarbons are compounds composed entirely of carbon
and hydrogen. [C H,]

The major classes of hydrocarbons are;
alkanes,
alkenes,

alkynes, and
aromatic hydrocarbons

C,—C, Wuuiid C.—C,, Wuvaamad  C,, {uvauds

ansusenaulalasasusuduanslutidiluinliazaneun

12



Alkanes

Alkanes have the general formula: | C H,,,,| wheren=1,23,..

Essential characteristic

 only single covalent bonds

O saturated hydrocarbons because they contain the maximum
number of hydrogen atoms that can bond with the number of
carbon atoms in the molecule

[ The C-C bond allows rotation of bonded groups

: ') 1
|

H—C—H H?CI:H H(I:(IZ$H
I
H H H H H H

CH, C,Hg C;Hg

1
Chang, R. (2010). Chemistry: McGraw-Hill. 3



Shorthand Formulae

H H H H
1l 2 3l 4l 12 3 4 2 A
T A T CH4CH,CH,CH; LGS
H H H H
condensed formula bond-line formula
structural formula shorthand formula
(d There is a carbon atom at every bend.
(d There is a carbon at the end of every line
d All non-carbon and non-hydrogen atoms are shown.
d to produce the full formula, add hydrogen atoms to every

carbon atom to produce 4 bonds

Tay, B., Hoh, Y. K., Briggs, J. G. R., Heyworth, R. M., & Tay, M. K. (2015). Elective Chemistry: Secondary 6. 14



Shorthand Formulae

The shorthand formulae for benzene and cyclohexane

2 H atoms
THZ/ \(|ZH2
CH, CH,
\CHZ/
structural formula shorthand formula
(bond-line formula) 3 H atoms
H H H H .
1l 2l 3] 4l 2 3 4 , .
AT CH3CH=CH,CH, P Ve
H H H H
condensed formula bond-line formula

structural formula shorthand formula



Sample Problem 1.3A

PROBLEM: Write each of the following condensed structural formulas
as a bond-line formula:
(@) (CHg3)>CHCH,CHs
(b) (CHs),CHCH,CH,OH
(€) (CHg),C=CHCH,CHj
(d) CH3CH,CH,CH,CHj
(€) CH5;CH,CH(OH)CH,CHj

16



Sample Problem 1.3B

=

PROBLEM: 2952Y31U2U H A599aignAsd

(a)

vy

/\/\/

Y

By (
V4
\/@\
OH

c)

O

A

17



Nomenclature of Alkanes [C H,, ,,]

1 To name an alkane, the root name is determined by the number of
C atoms

(J The name of alkane end in —ane.

Roots Number of C NO. of C + ane

Atoms
meth- | CH, meth-+ ane = methane
eth- 2
prop- 3
but- 4 C,H, eth + ane = ethane
pent- 5
hex- 6 C,Hs prop+ ane = propane
hept- 7
oct- 8
non- 9 C,Hi but+ ane = butane
dec- 10

18
Chemistry M6



Alkane

”-\H |_[ 22 Correspondence of Prefixes and Num

bers of Carbon Atoms

Alkane Name Number of Carbons Alkane Name Number of Carbons
methane l hexane 6
ethane 2 heptane 7
propane 3 ocrane 8
butane 4 nonane 9
pentane 5 decane 10
CH,
CH, CH;—CH; CH;—CH,—CH; CH;—CH,—CH,—CH; CH;—CH—CH;
methane ethane propane butane isobutane
C,—C, Wuufa C—C,, Wuvaunas  C,, \Uuvasuds

Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.

19



S | Alkyl group [C,Hap1]

1 An alkyl group (R group) is an alkane portion of a molecule, with one
hydrogen atom removed to allow bonding to the rest of the molecule

O Alkyl groups are named like the alkanes they are derived from, witha -

yl suffix
H H
H—c::%H — H—(::—
H H
methane methyl
H H H H
e I o
H H H H

ethane ethyl

Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.

20



‘ Simple branched alkyl groups

One carbon Two carbons Three carbons
i
methyl group ethyl group propyl group isopropy!l group
(or “n-propyl group™)
Four carbons

CH,4 C|H3 C|H3

butyl group isobutyl group sec-butyl group |
CH,

(or “n-butyl group”)

tert-butyl group
(or “t-butyl group™)

21

Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



Nomenclature of Alkanes : IUPAC systems

STEP 1| THE MAIN CHAIN

Find the longest continuous chain of carbon atoms, and use the name
of this chain as the base name of the compound.

STEP 2| NUMBERING THE MAIN CHAIN

Number the longest chain, beginning with the end of the chain nearest
a substituent.

> 1|
CH,—CHj;4 CHECHRE

H;C—CH—CH,—CH,—CH, CH,— CH—CH,—CH,—CH,

hexane

22
Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



Nomenclature of Alkanes : IUPAC systems

STEP 3 | NAMING ALKYL GROUPS Name the substituent groups.

v" Name the substituent groups attached to the longest chain as alkyl

groups.
v Give the location of each alkyl group by the number of the main-
chain carbon atom to which it is attached.

'CH3—3(|3H2

CH,— CH—CH,—CH,—CH,

3-methylhexane

23
Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



Nomenclature of Alkanes : IUPAC systems

STEP 4| Use prefixes di, tri, tetra

v’ Use prefixes di-, tri-, tetra-, when there is more than one alkyl
branch of the same kind.

CH; CH,

1 2 3 4 5 6

2,3-dimethylhexane
CH,

|
1 2 "3 4 5 6
CH,4

3,3-dimethylhexane

24
Chang, R. (2010). Chemistry: McGraw-Hill.
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CH,—CH,
1) - '

CH.—CH—CH—CH,

CH,
CH,
CH;, CH;,

|
3)  CH;—C—CH,—CH—CH,—CH;

|
CH,

25



LLUUNNHAN m?{

1) 98T eaN s uanaguaase Uil
CH3_CH2
|
H3C_CH_CH_CH2_CH3

|
H3C_CH_CH3

5) 9ALATIETINETILUULA WAL UgaYRsans  2,3,4-trimethylpentane

26



,ﬁ%\ Structural Isomers (constitutional isomers)

Structural isomers are molecules that have the same molecular
formula but different structures.

H H H
H—l—H H—(lz—l—H
| |
H H H H
H—
Wonoho

Ci g

Chang, R. Chemistry; McGraw-Hill, 2010.

27



Question ﬁ?{

Example 1: How many structural isomers can be identified for
pentane, CcH,,?

Strategy For small hydrocarbon molecules (eight or fewer C atoms), it is

relatively easy to determine the number of structural isomers by trial and
erTor.

28
Chang, R. Chemistry; McGraw-Hill, 2010.



Question ﬂfsi

Example 2: How many structural isomers can be identified for
pentane, C.H,? (Hint 5 isomers)

29
Chang, R. Chemistry; McGraw-Hill, 2010.



,ﬁg{ Alkenes [C H, ]

J Alkenes are hydrocarbons that contain carbon—carbon double
bonds.

1 Alkene names end in the -ene suffix.

 If the double bond might be in more than one position, then the
chain is numbered and the lower number of the two double-bonded

carbons is added to the name to indicate the position of the double
bond.

CHQZCHZ CHQZCH_CH3
ethene (ethylene) propene (propylene)

| 2 3 4 1 2 3 4
CH,=CH—CH,—CH; CH;—CH=—=CH—CH;
but-1-ene but-2-ene

Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



ﬁ? Alkenes [C H, ]

 many alkenes show geometric (cis-trans) isomerism

CH, CH, CH, H
\C C/ ‘ \C C/ \—/\/
— — e
/7N /7N _ S
H H H CH,
cis-but-2-ene trans-but-2-ene cis-hex-2-ene trans-hex-2-ene
cyclopentene cyclohexene trans-cyclodecene

Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.

31



Sample Problem 1.6

PROBLEM: Which of the following structures exhibit geometric isomerism?
Draw the two isomers in each case and determine which
isomer are cis/trans:

(a) CHy— CH,—CH=CH— CH, (b) Q/‘\\/

CHj CHj;

(c) CH3—C=CH—CH—CH,— CHj,4

32



ﬂ‘% Alkynes [C H,, ]

d Alkynes are hydrocarbons with carbon—carbon triple bonds

as their functional group.
d Alkyne names generally have the -yne suffix,

H—C=C—H H—C=C—CH;j
ethyne (acetylene) propyne (methylacetylene)

1 2 3 4 1 2 3 4
H—C=C—CH,—CH;4 CH;—C=C—CH;

but-1-yne

Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.

33



””f%ﬁ Aromatic Hydrocarbons

These aromatic hydrocarbons (also called arenes) are all

derivatives of benzene, represented by a six-membered ring with
three double bonds.

| i
H\\ﬁ/ \\*|/ H\\ﬁ/c\\\Cl/CHQCH3
C
H/ \C|¢ \H H/ \(|:¢ \H
H H
or or
O O/CHECH3
benzene ethylbenzene

Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.

34



,wf;{ Reaction of Hydrocarbon

1) Reaction of Alkane

2) Reaction of Alkene

3) Reaction of Alkyne

4) Reaction of Aromatic

Chang, R. Chemistry; McGraw-Hill, 2010.

35



Reactions of Alkanes

Combustion

CH, (g) + 20, (g — CO, (g) + 2H,0 (/) AHO = -890.4 kJ/mol

C3Hg (g) + 50, (g) — 3CO, (g) + 4H,0 (/)

(1 The main use of alkanes is in combustion to produce energy.

36

Tay, B, Hoh, Y. K, Briggs, J. G. R, Heyworth, R. M., & Tay, M. K. (2015). Elective Chemistry: Secondary 6.



Reaction with chlorine (Halogenation)

Halogenation (Substitution)

[ Alkanes react with chlorine in the presence of light.

d A H-atom is replaced by Cl-atom. This is called substitution
reaction.

light
CH, + X, —— CH;X(g) + HX

H | H

| light |
H—C—H + Cl, -  H—C—Cl + HCl
|
H

37
Tay, B, Hoh, Y. K, Briggs, J. G. R, Heyworth, R. M., & Tay, M. K. (2015). Elective Chemistry: Secondary 6.



Reaction with chlorine (Halogenation)

Halogenation (Substitution)

substitution reaction is one in which an atom or group of atoms
replace other atoms in a molecules

H H H H
| light |

H T C|: H + Brz > H C C Br + HBr
VI Lo

38
Tay, B, Hoh, Y. K, Briggs, J. G. R, Heyworth, R. M., & Tay, M. K. (2015). Elective Chemistry: Secondary 6.



Reactions of Alkenes

Addition Reactions (Ujnsannisias)

1 Halogenation (Bromination reaction)

H—C=C—H  + Bryg) >

Tay, B, Hoh, Y. K, Briggs, J. G. R, Heyworth, R. M., & Tay, M. K. (2015). Elective Chemistry: Secondary 6.

39



Testing for Unsaturated compound

J Alkenes react with bromine in addition reactions.

1 The reddish-brown colour of the bromine quickly disappear.

(J We say the bromines has been decolourized.

alkene —,

Bromine
solution

shake

40
Tay, B, Hoh, Y. K, Briggs, J. G. R, Heyworth, R. M., & Tay, M. K. (2015). Elective Chemistry: Secondary 6.



Oxidation of alkenes with KMnO, solution

H T H
/
>c—c + 2KMnO, + 4H,0 —— H{—C—C—H + 2MnO, + 2KOH
\
H |
OH OH
_—
L

shake

Alkene and KMnO
) Dark brown precipitate

41
Tay, B, Hoh, Y. K, Briggs, J. G. R, Heyworth, R. M., & Tay, M. K. (2015). Elective Chemistry: Secondary 6.



Sample Problem 1.7

Question | Yelauanasudndusivesuisernuansanuandlagneas

H,C—C=C—H

Cl Cl

|
H H

A. H;C— C C H + HCI

H OH
1 g

D. H=C—C—Br
H H

+ HCI

+ HCI
i
B.IﬁC—?—?—H
H H
"
Ialhc—Q—q—H + HCl

H H

C. H,C—C=C—Cl

42



Sample Problem 1.8

Question 1 | dalauansansuansdusivesufiseuansuaialagnaas

+ Br, —>» 2

Br Br
A, CgHgBr . (I c C(
Br
Br
Br
o (I :
Br

43



Reactions of Alkynes

] Addition Reactions

Hydrogenation CH=CH (g) + H, (9) — CH,= CH, (9)

Hydrobromination CH=CH (g) + HBr (9y —— CH,= CHBr (g)

44
Tay, B, Hoh, Y. K, Briggs, J. G. R, Heyworth, R. M., & Tay, M. K. (2015). Elective Chemistry: Secondary 6.



Reactions of Alkynes

] Addition Reactions

Bromination HsC—C=C—H + 2Bry(l)] —»

18t step

HiC—C=C—H + Bry() ——

2"d step

I|3r Br

|
H;C—-C=C-H + Bry(l) —

Tay, B, Hoh, Y. K, Briggs, J. G. R, Heyworth, R. M., & Tay, M. K. (2015). Elective Chemistry: Secondary 6.

T
H3C—(|3—C|3—H
Br Br



Reaction with Bromine

H Br
Br,
Fe
(iron powder)
Benzene bromobenzene

U Benzene reacts with bromine in the presence of catalyst.
d The catalyst can be iron powder (Fe) or AlBr,

 H-atom is replaced with —Br

Tay, B, Hoh, Y. K, Briggs, J. G. R, Heyworth, R. M., & Tay, M. K. (2015). Elective Chemistry: Secondary 6.
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,%: Summary | Hydrocarbon reaction

Hydrocarbon
H H
X2
H—C—C—H ——
VR light
H\C:C/H N
/ N
H H X,

Aromatic

© + Xy — no reaction
FeXs X
O e :



Question

P a A a1 5 = = |
415 X Wuasusenaudunsgnllazalgul astunenand@asazansnig
Aunuazatsazatglusiulumsuauwnszaaslss a1s X asiduansie
1. carboxylic acid 2. lalpaendu 3. LUudu 4. \gnie

1Y
vAa v A

a1susznaulalasaivauriiavilinuandfsadl

() Wuraavalseweds () lainanared@anariuiy

() Livindgasendu Br, ludidla - (V) vuisendu Br, Tuadng
a15US2NBULABAS A
1. C,H, 2. CH, 3.CH, 4.CH,,

48



Question ﬁ%\

3. UAsenseluil Yeladmluufaseunuil (Substitution)

2. CH;-CH;  + Cl, — > CH;—CH,—Cl + HCI

H

S —CH—CH

Br

4. CH,=CH-CI + HCl  ——  CH;—CHCl,

49



Question ﬁ%\

4) X, Y, Z Wuansusznaulalasmsuau Weas X waz Y viujiseniu
a1saranglusiiy wagans Z vinunsennuean@lnuasiinunisenseaunis

X + B, —(CHJBr + HBr ... (1)
Y + Brz —» C4H8B12 ........... (2)
Z + 90, — 60H,0 + 6C0, ... (3)
415 X A
415 Y AD

a5 Z A8

50



|

,,& ‘ Introduction of Organic Chemistry

organic chemistry is the chemistry of carbon
compounds

Organic compounds is divided into three classes:

(1) hydrocarbons,

(2) compounds containing oxygen, and

(3) Compounds containing nitrogen

51
Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



‘ Functional Groups

Family

Functional
group

General
formula

Specific
example

RNH:
R2NH
RsN

CHsNH>

Aldehyde

RCH

|
CH,CH

Ketone

RCR’

CH;CCH;

Carboxylic Acid

RCOH

CH;COH

RCOR'

o}
|
CH,COCH;

Amide

52



ﬁfg\ Alcohol [R—OH]

Alcohols are organic compounds that contain the hydroxyl group
(—OH) as their functional group.

Names of alcohols end in the -of suffix

CH,—OH CH,CH—OH  CH,—CH,—CH,—OH
methanol ethanol propan-1-ol
(methyl alcohol) (ethyl alcohol) (n-propyl alcohol)
OH _-H H
| Ve N
CH,—CH—CH, R—O O
propan-2-ol AN - ’Q b
H--
H bonding

53
Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



,wfg'\ Reaction of Alcohol

CH3—CH,—OH + 2Na(s) ———  2CH3-CH,—ONa + H,(g)

CH;—CH,—OH + NaOH 7L>
CH;—CH,—OH + NaHCO; 7L>

OH O—Na+
+ NaOH(aq) ~ ——— @( + H0

weak acid

54
Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



,ﬁgg Ether

Ethers are composed of two alkyl groups bonded to an
oxygen atom. The general formula for an ether is R—O—R’

TN
H H
CH;
CH,CH,—O—CH,CH, | O POy
diethyl ether CH3 O Clj CH3 CHz;— O@ - H H
|

CH3 CH,

methyl rert-butyl ether hydrogen bonding of

dimethyl ether with water

Condensation Reaction

H,SO

CH,OH + HOCH, ~+CH,OCH, + H,0

catalyst

55
Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



Sample Problem 1.8

1) StoLauUA lag1N15a LELENANULANGAI195E1I196875 alcohol AU phenol 14
A. Na(s) B. NaOH C. yeast

D. NaHCOS E. NaCO3

2) d13aladaluil dunsaldlavelumeuuananuuansnela

1. CH;0H and CH;COOH

2. CH3CH20CH2CH3 and CH3CH20H

3. CH3CH2CH2CH20H and CH3(|3HCH3

OH
4, CH3COOC2H5 and CzHSCOZCH3

56



O

Aldehydes and Ketones ||

/C\

The carbonyl group, C=0, is the functional group for both
aldehydes and ketones

I
C O O
/N | |
R° R CH,—C—CH, CH,—C—CH,CH,
RCOR’, a ketone propan-2-one (acetone) butan-2-one (methyl ethyl ketone)
] I |
R—C—H CH,—C—H CH,CH,—C—H
or RCHO or CH;CHO or CH,CH,CHO

an aldehyde ethanal (acetaldehyde) propanal (propionaldehyde)

57
Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



o

|
PN

,»% Aldehydes and Ketones

Ketone are named by numbering the carbonyl C, dropping the
final -e from the alkane name, and adding -one.

I
C O O
/N | |
R° R CH,—C—CH, CH,—C—CH,CH,
RCOR, a ketone propan-2-one (acetone) butan-2-one (methyl ethyl ketone)
go
cyclohexanone

58
Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



o

|
PN

,%g Aldehydes and Ketones

aldehyde names drop the final -e from the alkane name and add -al

] | I 1
R—C—H CH,—C—H CH,CH,—C—H CH,CH,CH,—C—H
or RCHO or CH,CHO or CH,CH,CHO or CH,CH,CH,CHO
an aldehyde ethanal (acetaldehyde) propanal (propionaldehyde) butanal (butyraldehyde)

O O
7N\ 7N\
H H.. "H H
O
(Il
R R
hydrogen bonding of

a ketone with water
59

Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



ﬁfﬂ;{ Carboxylic Acid

Carboxylic acids contain the carboxyl group [—COOH], as their

functional group. The general formula for a carboxylic acid is
R—COOH or RCO,H

Carboxylic acids owe their acidity (pK, of about 5) to the
resonance-stabilized carboxylate anions formed by deprotonation

(|:|) (ﬁ' ?
R—C—O—H + H,0: <= |R—C—0:+ <> R—C=O0.| + H,O’

carboxylic acid carboxylate anion

60
Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



ﬁf;{ Carboxylic Acid

1 Systematic names for carboxylic acids use the -oic acid suffix,
but historical names are commonly used

1 Carboxylic acid are named by dropping the —e from the
alkane name and adding -oic acid;

Methang Methan + oic acid Methanoic acid
(”) O O O
H—C—OH  CH—C—OH CH—CH—C—OH  CH,—CH—CH—C—OH
methanoic acid ethanoic acid propanoic acid butanoic acid
(formic acid) (acetic acid) (propionic acid) (butyric acid)

61
Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



ﬁf{\ Properties and Reactions of Carboxylic Acids

 Generally weak acids

[ React with alcohols to form esters (Esterification)
I
acetic acid ethanol ethyl acetate

L Neutralization

CH;COOH + NaOH —— CH;COONa + H,O0

CH3COOH + N&HCO:}, CH3COONa + C02 + Hzo

62
Chang, R. Chemistry; McGraw-Hill, 2010.



,%i Properties and Reactions of Carboxylic Acids

U Esterification
O o i - 0
R-C-OH! + R—0O*H: ——> R—C-O-R' + H,0

JVYUANNS Esterification 31na1sealuil

T H*
CH3—C_OH + C2H50H —_—

63
Chang, R. Chemistry; McGraw-Hill, 2010.



% ‘ Carboxylic Acid Derivatives

] ]
R— (! —OH R—C—O—K’
or R— COOH or R—COOR’
carboxylic acid ester
I 7
R—C—CI R—C—NH,
or R— COC] or R— CONH,
acid chloride amide

Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.
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ﬁwg{ Ester

Esters have the general formula R'COOR, where
R is a hydrocarbon group.

Characteristic odors and flavors

Hydrolysis
H+
CH;COOC;H5 + H,O =— CH;COOH + C,HsOH
ethyl acetate acetic acid ethanol

Alkaline hydrolysis (saponification)

CH;COOC,Hs + NaOH — CH;COO Na' + C,HsOH

ethyl acetate sodium acetate ethanol
— +
C17H35C00C2H5 + NaOH —> C17H35COO Na + CszOH
ethyl stearate sodium stearate
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,ﬁ% Applications of Ester

Ingredients:

HO
HO. H O _o water, ethoxydiglycol, ascorbic
wq acid (15%), glycerin, propylene
HO OH — glycol, laureth-23,
st e | phenoxyethanol, tocopherol,
Ascorbic acid (Vitamin C) e | triethanolamine, ferulic acid,
'5 panthenol, sodium hyaluronate

Below are examples of molecules that are commonly used as head, heart, and base notes

O

O
@) )J\
M < 0
(@)
Methyl butyrate (apple) Benzyl acetate (jasmine) Muscone (musk)
- Head note - Heart note - Base note
- Mass: 102.1 g/mol - Mass: 150.2 g/mol - Mass: 238.4 g/mol
- Weakest intermolecular forces - Medium intermolecular forces - Strongest intermolecular forces
- Shortest evaporation rate - Medium evaporation rate - Longest evaporation rate

https://www.scimath.org/article-chemistry/item/7851-2018-02-22-02-20-01 66



Reaction of Esters

Ester undergo hydrolysis with dilute acids or alkalis as catalyst.

1 Hydrolysis reaction

H,S0,
(cat.) :
Ester + water = — Carall:)ggyllc +  Alcohol
(I?: H* (cat.) (I?
H3C_CTOCH2CH3 + HZO = = H;C—C—OH + CH3CH20H

67
Tay, B, Hoh, Y. K, Briggs, J. G. R, Heyworth, R. M., & Tay, M. K. (2015). Elective Chemistry: Secondary 6.



Reaction of Esters

Ester undergo hydrolysis with dilute acids or alkalis as catalyst.

1 Saponification reaction

H,0
Ester + NaOH (aq) = =~ Carboxylate @+ Alcohol
| 0
M H20 o .
HsC—C-+0OCH,CH; + NaOH(aq) = ~ H,C—C—ONa + CH3;CH,OH

Sodium acetate
(sodium ethanoate)

68
Tay, B, Hoh, Y. K, Briggs, J. G. R, Heyworth, R. M., & Tay, M. K. (2015). Elective Chemistry: Secondary 6.



ﬁf’;i Hydrolysis and Sponification

JVHUALNTS NE1568 LU

O
I

+

O

NaOH
OCHj

Chang, R. Chemistry; McGraw-Hill, 2010.
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,ﬁf{\ Amine

Amines are alkylated derivatives of ammonia

Amines: R’

. . |
R—NH, or R—NH—R" or R—N—R"

1° 2° 3°

primary secondary tertiary

IUPAC: the “e” ending of the alkane name for the longest chain
is replaced with —amine.

NH,

M“‘N HE MNHE /‘J?\

3 1
nethanamine  propan-1-amine  propan-2-amine

70
Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



,,,? Amine

Neutralization

s _I_
R—NH, + H,0O <= R—NH; ~OH

Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.
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,ﬁfg\ Amides

Amides are acid derivatives that result from a combination of an
carboxylic acid with amine (or NH,).

I w0
R—C—OH + H—N—R' == R—C—N—R’ + HOH
N
@) | I N O
T LHo H I
CH,—C—+ OH- +  CH,CH,CH N - CH3—C—ITI—CH2CH2CH3
H
H

72
Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



ﬁ? Amides

1 Amides are named by dropping the —e from the alkane name
and adding —amide.

ethan;,/+ amide = ethanamide

(|:|) (ﬂ) (|:|)
R—C—NH, or R—C—NHR’ or R—C—NR,
amides
O O O
CH
I | [P
CH,—C—NH, CH,—C—NH—CH, C—N_
CH;
acetamide N-methylacetamide N,N-dimethylbenzamide
IUPAC ethanamide N-methylethanamide N,N-dimethylbenzamide

Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.



fﬁ% Amides

J Amides are among the most stable acid derivatives.

 The nitrogen atom of an amide is not as basic as the nitrogen of an
amine because of the electron-withdrawing effect of the carbonyl
group.

 The following resonance forms help to show why amides are very
weak bases:

O 1_{; very weak base |

|| . D | + )
R—C—NH, R—C:NH£|

Wade, L. G. Organic Chemistry; Pearson Education, Inc., 2013.
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1. UiAsewialull Ujnzen

T

1. CH;—C-OH
T

2. CH;—C-OH
0

]

4, C,H;OH

+ C;H,OH

+ C,H;OH

+ C,H;OH

+ C,H;OH

Question ﬁ%\

ladniduuiiseeameiiadu (Esterification)

o)

CH3—6—O—C3H7 + H,0
OC,Hs

CH,—C—-0-C,Hs + H,0
0

CH;—C—C,H; + H,0

C,H0C,H;, + H,0

75



Question ﬁ%\

2. W5 U U Teaiisa LUl

H+
Compound A + propan-1-ol — > B + H,O
H+
B + HZO E— CH3'CH2'CH2'CH2'COOH + C

a15 A, B, nay C Aavaln

76



Question 3: Cholesterol is a major component of gallstones, and it is believed
that the cholesterol level in the blood is a contributing factor in certain types of
heart disease. From the following structure of the compound, predict its reaction
with (a) Br,, (b) H, (in the presence of a Pt catalyst), (c) CH;COOH.

CHs; C8H17

CH,

HO

Cholesterol
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