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Chapter 7 : The Chemistry of Life: Organic and Biological Chemistry
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Most of the smells that we experience are caused by organic molecules, molecules containing
carbon combined with several other elements.
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Carbon-containing molecules—especially triethylamine—are responsible for the smell of dead fish.
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Organic chemistry is the chemistry of carbon compounds. Carbon has the ability to form
long chains Without this property, large biomolecules such as proteins, lipids, carbohydrates, and
nucleic acids could not form
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Carbon can make 4 covalent bonds so it has ability to form long chain
Organic Chemistry 4 g<aall slaass!)
The family of “Hydrocarbons” is the simplest family of organic compounds ,containing

only hydrogen and carbon atoms
O3 S5 Orsodr Gl ) o dadd g gial 5 &) ) LS jall Jasl & <l S 5 el

Hydrocarbons are nonpolar molecules ,insoluble in water and soluble in non-polar solvents
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Hydrocarbons have low melting and boiling points
Aaddia GLle 5 Gl Aa (g g Gl S5 jngl)

Hydrocarbons( compound composed of only carbon and hydrogen ) and Hydrocarbons can be
divided into four types



Aromatic
(contains benzene ring)

c

Alkanes
Generic Formula™

Aliphatic
C H,

(only C—C b

Generic Formula*

Generic Formula*
CnH2_u-2

Generic Formula™
CnH2n+2 CnHEn
Example
H H H H
H(::(::H >C=C< H—C=C—H
H H H H Ep Benzene
Ethane Ethene

Alkane
The general formula for alkanes is CnH2n+2
»Every carbon atom has 4 single bonds(C—C) (o sigma). 4l

>Alkanes are known as “saturated hydrocarbons daséa”,
H

or

Py
Alkane Ethane  CHsCHs - {/‘a
H3C A CH2 . = CHz_ CH3
CHLCH,CH,CH;



There are 3 ways to represent bonding connections
T 5 Jlsil Jiail 55k 3 2a

bonding connections for Butane C,H,

1. Expanded Structure:

L
IR
H H H
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2. Condensed Structure:

CH,CH,CH,CH, or CH,(CH,),CH,

3. Stick (Carbon Skeleton):
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Boiling points of Alkanes increase as chain length increases
Al J gha 30l 5 ala 3 bl e A )



TABLE 24.2 + First Ten Members of the Straight-Chain Alkane Series

| h

Molecular Boiling
Formula Condensed Structural Formula Name Point (°C)
CH, CH, Methane —161
C,Hg CH,;CH; Ethane —89
C3Hg CH;CH,CHj; Propane —44
C.Hyo CH,CH,CH,CH, Butane —0.5
C5H 12 CH3CH2CH2CH2CH3 Pentane 36
CgH, 4 CH;CH,CH,CH,CH,CH; Hexane 68
C;H6 CH3CH,CH,CH,CH,CH,CHj Heptane 98

ol CH,CH,CH,CH,CH,CH,CH,CH, Octane 125
CgH20 CH3CH2CH2CH2CH2CH2CH2CH2CH3 Nonane 151
C10H22 CH3CH2CH2CH2CH2CH2CH2CH2CH2CH3 Decane 174

©2012 Pearson Education, Inc.

Isomers: &l e ¥ il
Isomers have the same molecular formulas, but the atoms are bonded in a different order
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TABLE 24.3 + Isomers of C4Hg and CsHyp

Systematic Name Condensed Structural Space-filling Melting Boiling
(Common Name) F 1 Fe I Model Point (°C)  Point (°C)
H HHH
Butane g A A A A - -
(n-butane) H el: ¢ él ¢ H CH3CH,CH,CH; 138°C 05°C
H HH H
el
H-C—C—C-H CH. cn CH.
2-Methylpropane I [ 3 3 B -
(isobutane) H H 159°C 12°C
H—?—H
H
HHHHH .
Pentane o & L & A 4 - “
o B H-¢—C—C—C—C-H  CHyCH,CH,CH,CH, 130°C  +36°C
HHHHH
!;I :
H-C-H CH,
2-Methyltutane H H H P ~160°C  +28°C
(isopentane) H-C—C—C—C-H  CHy—CH—CH,—CH,
H HHH
H

H-C-H
e[ T .
2,2-Dimethyl —
i cttylpropane -C—C—C-H CHs c| CHs » -16°C +9°C
H J: H b
H-C-H CH,
H

©2012 Pearson Education. Inc
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| |
HHHHH H_Q_C_Q_H
o Ho| o
b i H-C—H
HHHHH ﬁ
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Properties of Alkanes: UK (al 63

There are only weak van der Wa als (London dispersion) forces.
Apmia (A5 sl 3 U s Ll Ja (g QIS o 8 2a

The boiling point increases with the length of chain.
il Jgda 50l ) ae 2 35 Ll an 2

Most alkanes are relative unreactive at room temperature and do not react with acid or base or
strong oxidizing agent
:\é}ﬂ\a.&msy‘ &;}‘)SM YJJQ‘)SX\}UALAAY\CAJCM\]JIQJM\ E)\);.“A;J.J.i\n Q.\L\A.\S:\.L:u.}):\c Q\J\S]\}I\(:LM

109.5 o lia g 7 sl el (uld 43
Alkanes are cannot dissolve in water slll & GUSY) @ 35y
The density of alkanes less than water sl 48US (0 Ji) SUIKTY) 48U
Alkanes are (C-C), C-H are relatively constant, And hard to break W .S ca 3y )l
Methan is major component gas and use for home heating and in the gas stove
Propan is major component of bottled used in disposable lighter and fuel



Nomenclature of Alkanes <ullY) e

There are three parts to a compound name:
—Base: This tells how many carbons are in the longest continuous chain.

—Suffix: This tells what type of compound it is.

—Prefix: This tells what groups are attached to the chain
| prefix | base | suffix |

What / How many K What family?

substituents? carbons?

2 1
CHCH,

CHZ_(;HZ_CHZ_CHQ
3 J 6

CH—

2-Methylhexane
1. Find the longest chain in the molecule.

2 . Number the chain from the nearest end to the substituent(s).
3 List the substituents as a prefix along with the number(s) of the carbon(s) to which they

are attached.

4 If there is more than one type of substituent in the molecule, list them alphabeticall

D el 44y )l

1-  alile Jshal daa

2- gollaE ) jral chaad Cuag L
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i H. CH—CH,
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CH—CH—CH—CH—CH—CH.,—CH.,—CH,
[ v = L‘]'Cj._.: s S ™3 ) = =
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el @"AJ
5_ Ethel 3- methyl octane

How to Name a Compound¢



7 (|:H3
CH3—5’(|:H—" CH,
*CH—CH—+CH,CHj;

CH3 ZCH_“CH3

3-Ethyl-2,4,5-trimethylheptane
1 2 3 32 1 1 2 3 4
CH,CHCH, CH;CHCH,CH; CH,CH,CH,CHCH,CH,
Igr éHEC[-h &HQCHz(fHQCH;
4 5 5 6 7 8
Substituent: 2-Bromo 3-Methyl 4-Ethyl
LU.P.A.C. name: 2-Bromopropane 3-Methylpentane 4-Ethyloctane
II:h‘ li_h' ?Hg |CH1 (lfH3
CH,CHCH,CH,;CHCH, CH,CH,CHCH,CHCH,CHCH,CH,CH,4
1 2 3 4 5 6 1 2 3 4 5 6 7 8 9 10
2,5-Dibromo 10 9 8 65 43 2 1
2 5-Dibromohexane 3,5,7-Trimethyldecane

NOT 4,6,8-Trimethyldecane

CH, F CH.CH,
1 234 5 1 23 45 4 1 2 34 5 6 7 8
CH;(‘:H(T"CH‘»Cﬂg CH;?HCHCHCH:CH; CH;CHg(iHCHCHZCHZCHﬁHg
Br CH, CH, CH, CH,
2-Bromo-3,3-dimethylpentane 3Fluoro-2 4-dimethylhexane 4-Ethyl-3-methylocatare
NOT 3,3-Dimethyl-2-bromopentane NOT 2 4-Dimethyl-3-fluorohexane NOT 3,3-Methyl-4-ehyloctane

SHs SHs
CH;— CH—-—CH - CH>—CHi
\ 2 = >

L Y T =



H H a H d
H—(l,-—Cl CHy;— le— CH; H— (|:—Cl H—f.l,—f.l,—CI

é Be & i &
chloromethans 2-bromepropans trichloromethane 1.1.1-trichlorosthane

H H H H H F H C
Cl—é—(lj—Br Cl—ll‘,—ll,—cl—]*' Cl—é—é—é—}‘

A B HoH ¥ R

1,1-dibromo-2-chlorosthane  3-chloro-1,1-difluoropropane 1,1.3-trichloro-1 3, 3-trifluoropropane

Cycloalkanes : 4kl oulsty)

Alkanes that form rings or cycle Cycloalkanes structure are sometime drawn as line structure
Carbon can also form ringed structures

Five-and six-membered rings are most stable Because Their conformations with bond angles
are very close to the tetrahedral angle 109.5

109.5 G A a5 M1 4513 0¥ 1)l JSI 0508 153 6 5) 5 (ye 43584 il

Smaller rings are quite strained (unstable).

1yl Eal 815 jueall cilalal)

H>C ~CH, _CH> CH
| | H,C e / 2
H-C ~ SCH /
CH> H,C—CH> H->C CH,»
Cyclohexane Cyclopentane Cyclopropane

Each vertex
represents one
CH, group

Five vertices =
five CH, groups

Three vertices =
three CH, groups

General formula of cycloalkanes: CnH2n

HOW TO Name a Cycloalkane Using the IUPAC System?

A ring is present.

Prefix + cyclo- - Parent + Suffix

How many C’s are in the ring?

What and where

What is the functional group?
are the substituents?
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QCHg gCHZCH2CH2CHS

methylcyclohexane butylcyclopentane

Lo JBYI (pe aaalls g 5o )< Q3 d3e S s W) dlal ClISIV ans

CH,CH
CHs 23
A,
CHgz Earlier letter — —— > lower number
¢ Place CHg groups at C1 and C3. * ethyl group at C1

* methyl group at C3
1,3-dimethylcyclohexane

(not 1,5-dimethylcyclohexane) 1-ethyl-3-methylcyclohexane
(not 3-ethyl-1-methylcyclohexane)

o g f.
u 4

cyrloheptane

1, 3-dimethylcyclopentane

E( ]
A‘\/
1-thyl-2-methylcyclobutane

propylcyclohexane

m

3-ethyl- geyclopropylhexane

®Alkanes are mainly used as non-polar solvents.

*Most alkanes are relatively unreactive at room temperature ,because they contain only
C-C and C-H bonds.

*For example they do not react with acids ,bases ,or strong oxidizing agents.
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However ,alkanes are not completely inert .One of their important reactions is their
combustion in oxygen ,making them important fuels and a source of thermal energy

1. Give the the name or structural formula, as appropriate:

et B W b i
(a) H_(|:_(|:_(|:_(|:_(|:_Br (b) CHg(lfHCHZCHZCHZCHQCECHZCIZHCH:;
Br H H CH;H Cl C|H2 CH,
CH;
CH;CHCH; (d) 2-methylheptane (e) 2,2-dimethylpentane

(¢) CHCH,CH,CH,CH, (0 4-cthyl-2.3-dimethyloctane  (g) 4-ethyl-1,1-dimethylcyclohexane
CH, (h) 1,2-dimethylcyclohexane (i) (CH3)»CHCH,CH,C(CHs);

2. Which of the following pairs of compounds are isomers?

a) hexane and 2-methylpentane b) pentane and 2-methylpentane
c) C2Hs and C2Hs d) CsHg and C4Hio

e) 2-methylhexane and 2,3-dimethylpentane
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Alkenes

Alkenes are unsaturated hydrocarbons that contain at least one bond bond (C=C)
.The simplest alkene is CH2=CH2, called ethane (IUPAC)or ethylene (common name).
AL Ll ) e g5ty JB) (s O 3 o e Ll gial dalie e A3 g S5 50 LS je oo ST

H /7, 7 o \\\\\\H
Alkene Ethylene CH,=—=CH, “C 1.34 A c
1z Ll A 122"/'\ H

The general molecular formula of an alkenes is CnH2n LSl 24 jal) davall

Alkene Alkane

H H H H
\ / |

C=C H—C—C—H
# by |
H H H H

Ethylene: CoHy Ethane: C;Hg

(fewer hydrogens—unsaturated) (more hydrogens—saturated)

Such structure gives rise to cis/trans geometrical isomerism:

-cis Alkenes : have the prior R groups on the same side of the double bond plan.
ALl Ayl ) dga i 8 JSIV) 4o gana S 1)

-trans-Alkenes : have the prior R groups on opposite sides of the double bond plan.
Al Aoy H (e A JSIY) 4o pana cilS 1)

»Geometric isomers can differ significantly from each other in chemical behaviour
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H H
>C:C\ “
cl cl

cis-1,2-Dichloroethene

H\C_C/CI i
» il ™
CI H

trans-1,2-Dichloroethene

[’ Red numbers mark longest ] [ Methyl groups on same ] [ Methyl groups on opposite ]
chain containing C=C side of double bond sides of double bond
' R v v
CH, //H GHsCHz H GHa o GHs  QHa ‘/H/
S8 T =S A5 0N

2 AR 2D 2N
CH; I\H H H CH;

H 1
Methylpropene 1-Butene cis-2-Butene trans-2-Butene
bp —7°C bp —6 °C \ bp +4°C bp +17°9€

Methyl group branching No methyl group
off longest chain branching off

© 2012 Pearson Education. Inc

Structure also affects the physical properties of alkenes

Nomenclature of Alkenes:

1- The chainis numbered so the double bond gets the smallest possible number alulull 3 5
a8 sl 22 LN Aol 1 Aoy o Cuay

2- cis-Alkenes have the carbons in the chain on the same side of the molecule. «icis 13l
Lgall i & g all ¢ Jal) cails

3- trans-Alkenes have the carbons in the chain on opposite sides of the molecule «
CStrans  gan (Se g sl ¢ jall CuilS 1)

CH’;\methyl group at C3
Start numbering here.

CH,=CHCHCH;

- r
CH,=CHCHCH; 1 3
T T T T Answer: 3-methyl-1-butene

1 2 3 4
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CH, CH;, CH;
CHz CH, CH, CH, CH=CH, CH3CH,CHC=CH, CH CH, CHCH, CH=CH,
CH; CH5

1-Hexene 2.3 Diethyvl-1-pentene 4Methyl-1-hexene
- RSO CH
CHCHs CH=CH, b
5 ‘o .| CH=(CHCH
CH, C—CHs /S, } 3 3 3
7 T a CHyCH,CHyCCH; g |
| butene CH3
-methyl-2- .. S-ethyl-3-
gemet:él ? H e = metﬁely-‘l- CH2CH3 il Jobl g dad
) hexene [

e L

Note: If an alkene contains two or more double bonds, the location of each is
indicated by numerical prefix, and the ending of the name is altered to
identify the number of double] bonds:

Example:  CH,=CH-CH,-CH=CH, is named:

AL Al ) &)y (e il S5 6 (i) e 8 53y Sl 13

diene(two),triene (three):

1,4-pentadiene.

Reactions of Alkenes:

H2C:CH2 + B1'2 E— H2(|j_(|jH2

Br Br

1- One reaction of alkenes is the addition reaction 4daYl el
2- Init, two atoms (e.g., bromine) add across the double bond

3- Inthis reaction, one m —bond and one o-bond are replaced by two o-bonds; therefore,
AH is negative

Alkenes (olefins) contain double bond -and Molecular formula CnHZn
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Alkynes :
121 A
Alkyne  Acetylene CH=CH H_\C =0 —H
l80°/

Alkynes contain at least one carbon—carbon triple bond with the general formula CnH2n-2

.The carbons of triple bond are sp-hybridized with linear geometry (180° ).

*They are also unsaturated «

Nomenclature of Alkynes:
CH;—C=C —C|H—CI—13

CH; 4-methyl-2-pentyne

The method for naming alkynesis analogous to the naming of alkenes
LY dpanss A8 sl s (A GSIY) e

However, the suffix is —yne rather than -ene.
Sl Al (8 aai yne

CHZCHFethVI group at C4

Start numbering here. CH3CH,CHC=CCH,
CH,CH, / T T

CH,CH,CHC=CCH, 4 1

T T T T H Answer: 4-ethyl-2-hexyne

6 5 4 3 21

CH;— C=C—CH—CH;

.

4-methyl-2-pentyne CHs

|
e ‘LA o\
CH,CHC=CH \fr/ CH, CH,C=CCH,CCH, =\
CH, CH,

3-Methvl-1-butvne 6.6-Dimethyl-3-heptyne
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Alkynes contain at least one - and Molecular formula CnH2n-2

Reactions of Alkynes :
Alkynes undergo many of the same reactions alkenes do (Addition reactions).

As with alkenes, the impetus for reaction is the replacement of 7-bonds withgbonds
1 <)

|
CH;C=CCH3 + 2]y — CHy—C—C—CH;,
Gl €]
2-Butyne 2,2,3,3-Tetrachlorobutane

Aromatic Hydrocarbons

Aromatic Benzene CeHg e /‘\

/ 1.39 A \

O30S Gl 3 6 e OsSE Cumy dgudans (S5 Aalal g ddls JS5 e (o 5all e 05 Al dpals o
Gl sa ASLS ya Jasal o(CoHe)

Aromatic hydrocarbons are cyclic hydrocarbons that have some particular
features. gal sl (s Ll dla g )Y 5 4y lanll LS
There is a p-orbital on each atom.

The molecule is planar. sl Wil
There is an odd number of electron pairs in ther system. 4l ay I (e 2551328 52

Aromatic compounds:

A hydrocarbon that contains one or more benzene-like rings.

S OB CEB & S

Benzene Naphthalene Anthracene Toluene Pyrene
(Methylbenzene)

Some mono-substituted benzenes have common names
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toluene prhenol aniline
(methylbenzene) (hydroxybenzene) (aminobenzene)

Structure of Aromatic Compounds

NO> NO» NO-
i .NO, i
NO>

NO,
ortho-Dinitrobenzene meta-Dinitrobenzene  para-Dinitrobenzene
mp 118 °C mp 90 °C mp 174 °C

Two substituents on a benzene ring could have three possible relationships:
1- ortho-: On adjacent carbons (1,2).
2- meta-: With one carbon between them (1,3).
3- para-: On opposite sides of ring (1,4).

Due to this stabilization, aromatic compounds do not undergo addition reactions; they undergo
substitution. Jlaiuy!) clelad @.4;3 ‘;@ Al cdleladl t..a;ﬁ PRAVE :L}‘)Lud\ LL\S)‘J\ <;J BB U

In substitution reactions, hydrogen is replaced by a substituent.
Jilaw s gonedl Jlaial oy (Jladuy) SBlelds 8,

Br CH,CH,
@Hh-?ﬂ@/ + HBr @mmrdﬂ»@/ + HCI

Benzene Bromobenzene Benzene Ethylbenzene

Reactions of aromatic compounds often require a catalyst

| jine Ay shaell LS ) ele s callas Le Lile

Aromatic :cpyh dala e Wilgial J lgany ae Gl dasde e 3109089 08 dagune SLSHe a9 Which are

unsaturated hydrocarbon compounds that share the benzene ring
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TABLE 24.1 * The Four Hydrocarbon Types

Type pl

H
~ F_H
Alkane  Ethane CH;CH;, r Q 'm\f"_\cﬁc >
- k < ]

Hy, . ~H
Alkene Ethylene CH,=CH, \ /"C 1MA C;
~— H Y VH
121A
Alkyne  Acetylene CH=CH ) H=C C—H
1807

Aromatic Benzene  CgHg

J

PE e —r——

7.3 Organic Functional Groups:

The term functional group is used to refer to parts of organic molecules where reactions tend to occur

e il I (Jass Cm 3 sumall iy s G 6l 3l () 5L il S e panall llacas 2y



19

TABLE 24.6 -

Common Functional Groups

Example
F i 1 < ¥ d or Structural Ball-and-stick Systematic Name
Group Type Prefix Formula Model {common name)
N, ¥ L2 >4 =
C=—C Alkene -ene C==C Ethene
< N Ex N % (Ethylene)
—C=C— Alkyne ~yne H—C==C—H S D e Ethyne
(Acetylene)
i
—Cc—3—H Alcohol -ol H—C—8O—H Methanol
1!1 o > (Methyl alcohol)
| | it N )
—clz—d—clz— Ether ether H—CII o <I:—H ] Dimethyl ether
H HH (- N 1 J
| T
—c—X: Haloalkane halo- H——ﬁ‘ —G¢: Chloromethane
| D (Methyl
(X = halogen) H chloride)
| 1 &
—= CI— .|- — Amine -amine H—(:Z— CIZ —ITY—H Ethylamine
H H H - D
:Io: lil He
Il
== é —H Aldehyde -al F—C—oe—2 Ethanal
'1l - (Acetaldehyde)
LT ol B
— e —C— Ketone -one BH—aar—a——XI anone
I l l!i l!l (Acetone)
- D
:c"): H :(“):
—Cc—6—H Carboxylic -oic acid H— A—C —O—H . g Ethanoic acid
acid I (Acetic acid)
H
I
:?: | H = ” z !—Il
—é—§—C— Ester -oate H—+ c—& ([‘—H Methyl ethanoate
] (Methyl acetate)
H H
:ﬁ: Ii[ :(”):
—Cc—N— Amide —amide H—Cc—Cc—N—& E
| l!l !I‘l (Acetamide)

® 2012 Pearson Education, Inc.

mmon Functional Group:

Alcohol

Aldehyde
Amide

Amine
Carboxylic acid

Ester
Ether
Halide

Ketone

Alkene

Alkyne

R—O—H

L)
rR—d

O H
r—du

H

R—l\‘T—H

(o]
R—J'! —0O—H
O
R—él." o=
R—O—R’

R—CI (or —Br,
—F,—1)

O
R—&—R'

S ~
C=C,

ROH

RCHO

RCONH,

RNH,

RCOOH

RCOOR’
ROR’
RCl

RCOR'

RCHCHR
RCCR

CH,CH,—O—H
O
CH,C—H
g ¥
CHA —N—H
i
CH,CH,N —H
[e)
Cﬂgg —O—H
fe)
CHJ& —OCH,
CH,OCH,
CH.,CH,C1

O
CHACH,;,

CH,CH=CH,
CH,C=CH

Ethanol
Ethanal
Ethanamide
Aminoethane
Ethanoic acid

Methyl ethanoate
Methoxymethane
Chloroethane

Propanone

Propene
Propyne

Ethyl alcohol
Acetaldehyde
Acetamide
Ethyl amine
Acetic acid
Methyl acetate

Dimethyl ether
Ethyl chloride

Acetone

Propylene
Methyl acetylene



20

Alcohols Js=sll :

Alcohols contain one or more hydroxyl groups, —OH.dl e S| 5l saal s de sana o (5535 Jsasl)

hydroxyl
group

*They are named from the parent hydrocarbon; the suffix is changed to —ol and a number
designates the carbon to which the hydroxyl is attached.
il 48 JauS guel) 4o gana o (5 5ing S je dyandi Nie (o)

(‘Il(

CH, (l’u CH;  CHy—C—CHa, Ll\n_‘f%u_»
|
H

2-Propanol 2-Methyl-2-propanol 1,2-Ethanediol

Y sl Al (o ying Y Y 528 (e ) Syl ying Y (il Al 5 52e S 5 el 4 same Bl e
OH OH OH

cl NO;

Alcohols are classified by the number of C atoms bonded to the C with the OH group.

1- A primary (1°) alcohol ha an OH group on a C bonded only to 1 C atom.
i) (e g 3h Ao g giad (Al Ay
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2- A secondary (2) alcohol has an OH group on a C bonded only to 2 C atoms

CHg
CH3—(|3—(:):H
H

JEN) e ol Jo g il Al A

3- Atertiary (30) alcohol has an OH group on a C bonded only to 3 C atoms

CHg <|: OH
CHg
3gmp fad AV 2 S NS 2 FaS A NS a
R et LS i s
.Qfs“g(ﬁi:i) &éf\-"’-’_hr—s:)-k:#‘ ,¢‘5J'::-"¢'DS.L:-|;
| CH, — OH
QOH OH OH OH OH Jsla
CH, — CH — CH, CH, — CH, CH, —CH, — OH
J; ‘;5‘:;)‘{;,.{—3~2-l ;:‘JL‘:;‘L&,‘—Z-I -',Uu'«'
(J 3 —dsut) (kY J,SL) CH,—CH,—CH,—OH
Jsligx—1

Naming of Alcohols:

Jsha¥l ALl jlids g de ganall o BV (e 2ad) o J aSl) dans 2ie
GHs @H

CH;—CH—CH>,—CH>,— CH —CH;

6 S 4 3 2 1

S5-methyl-2-hexanol

O CH, — CH, = OH
2- phenyl- 1- ethanol

Ethanol (ethyl alcohol)
* has been known since prehistoric times as an intoxicating product is formed by the
fermentation of grains, sugars, and starches

Ll y Sl 5aes3 G (g 5S 5 1) sedia iie st 5 Lapd U5 yra OIS 1(( Y1 Jsasll) Js00YY)

Fermentation

CHi,0p o CH,—CH,—OH + 2 CO,
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Ethers <I_iN:

(=0-) S gY) AS gana 392 gy Saali Ay guas LS e (A

Compounds in which two hydrocarbon groups are bonded to one oxygen are called
ethers. Ethers can be formed from two molecules of alcohol by splitting out a molecule
of water. The reaction is catalyzed by sulfuric acid, which takes up water to remove it
from the system:

H,50
CH;CH,—OH + H—OCH,CH; ——— CH3CH,—O0—CH,CH; + 1,0

O

N
R R G Y13 )0 cliatia A3 g S5 )08 (e gama (e (955 S e e B ke

Ethers are quite unreactive. And they are good polar solvents
2 bl cude ga s LS alals ye il Y

CHz_CHz

CH,CH,—O—CH,CHj, | |
CH, CH,

\O/

Diethyl ether Tetrahydrofuran (THF)

©2012 Poarsen Esue
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Ethers as Anesthetics _uaaill & aaaius <l i)

Anesthetics inhibit pain signals to the brain
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Aldehydes & Ketones «Uisisll g clasayl;
In an aldehyde, at least one hydrogen is attached to the carbonyl carbon

O e JB VLS Baal g 33 aa Jii g2 S 48 e (8 0 ke cilaaaly)

I I
H=&—H CHy—C—H
Methanal Ethanal

Formaldehyde Acetaldehyde

ketones, there are two carbons bonded to the carbonyl carbon
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| I
CH;—C—CH;  CH;—C—CH,CH,

Propanone 2-Butanone

Acetone Ethyl methyl ketone

0 O o

| I I

C C C

/N /N 7N
R H R R R OH
Aldehyde Ketone Carboxylic Acid

Systematic names

1-
2-

aldehydes con

tain -al

and that ketone names contain -one.

0
il
RA“NR
alkanone asilsl .
=0 0
RH TS

7N

Amide

el gl g ) dpad
( el Al ) Bl 3 o 5 930 0 ) Ayl
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() - CHyCHO Jo -1

- CHO ot Jid
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Aldehydes and ketones can be prepared by controlled oxidation of alcohols.
JsaSl 320S) JYA e b sl g olaaaly) jucasd S

Oxidation

OH o o

1 [O] I [O] I
R—C—H(R") —— P o _— = o~

I_|{ [H] R H(R") [H] R OH
alcohol aldehyde carboxylic acid

or
ketone

Reduction

Complete oxidation results in formation of CO, and H;O, as in the burning of methanol

CH3;OH(g) + 3 Oy(g) —— CO,(g) + 2 H,0(g)

Controlled partial oxidation: to form aldehydes and ketones, is carried out by using various
oxidizing agents, such as air, hydrogen peroxide (H202), ozone (03), and potassium
dichromate (K2Cr207).

O3 V)5 O sl 2S5 5015 ¢ sed) Ja s 50 Jal s alasinly @lld g il i€l 5 il all LY 4 all 1SV aadius
e s SIS 5 a g sall 5

v e -

0 0 t
K,Cr,0 /\/\)L

Hexanal H2 S0, Hexanoic acid
[i:III or
Carboxylic Acids — ¢—OH —COO0H  31u85 QI alaayl)

Carboxylic acids are weak acids and compound from hydroxyl and carbonyl group and are
widely distributed in nature and are common in consumer products.

Algrinal) claiial) (e (A g daghall B S JSds 393 ga g Admda palaa) (A
They are used in the manufacture of polymers used to make fibers, films, and paints.
cllaall 5 Y1 5 «aldY) aial dariiuall Gl padsall, 3 adiid A

The common names of many carboxylic acids are based on their historical origins

o )l Ll seal ) it ALl g KU alaaY) e K AL clany)
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Formic acid, for example, was first prepared by extraction from ants; so, its name is derived
from the Latin word Formica, “ant.”

el a5 0 AL ansr 5 Jal (0 a3 5 V5 odlae) o Jliall s o clia il (man

Carboxylic acids can be produced byoxidationof1® alcohols(in which the OH group is
attached to a CH2 group). JsaSlls2uS) 53 5k e kS g0 Sl Gaes juiasd o4

()
i
CHAyCHLOH + (O) ——  CHaCOH + HaO
Ethanol MAcetaldehyde
i i
CHaCFT + (O) > CHaC Ol
Acetaldehyvde AMcetic acid

Acetic acid can also be produced by the reaction of methanol with carbon monoxide in the
presence of a rhodium catalyst 255 58 28 Jg) e Jsilisall Jelii (G yha e GBLAl (aes juaad (Sas

(|:‘)
catalyst
CH,OH + CO — CH;—C—O0H
Nomenclature Based on IUPAC 3L oY sl o Al (2)

szl 8 iy S Al o S o S sl da e

- PHEA RS D " - o 02 o .
D o e s A S S0 o

|
Uz 20r CH,-COOH Ch s s H—COOH
S5yl 2 CHJ—CH:-CHZ—COOH gl e CH,—COOH
Ul 2 CH;—(CHZ)N—COOH Sl s 2e CH,—CH,—COOH
byl aa |
N\ s les fao CH,~CH,~CH,—~CH,—COOH
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.(-COOH)
2 )
......u\.1 _-Y.Lq_..\.'al...._..\ \l 13
o = j;;j) —COOH

“Hldn}- Ll \_..‘.CJ- o (a0t .JLL;..qu.“] .LJLG‘J..(\ wlu ).1:; H CH CH
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3-ethyl — pentanic

fCFsz
CH, CH—CH —CH—COOH
< y 4 2z [
CH.
— 2- ethyl -4- methyl hexanic acid
naming carboxylic acid & s.zell ‘,A(l)»}ll&p.a 0 OH

R—COOH <> R— C-OH

Alkanoicacid  cheild)l a0 3 1 0
CH, 0 2
CH;-CH,-CH-CH,-CH,- 8-OH B-QXD[JFDDH noic acid

Esters <l iyl

Ester are the replacement of H of carboxylic acids by carbon containing group (R).

Esters are the products of reactions between carboxylic acids and alcohols
d};ﬁ\}iﬂlﬂu&ﬁ)ﬁ\umdﬁm@ﬁucﬁ\)hy‘)mﬁ
O O

. | H™, heat . | 5
R'—C—OH + R"*OH ——= R!'C—OR?+ H,O

Carboxylic Alcohol Ester Water
acid
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They are found in many fruits and perfumes
Jshall 54l 8l N aa g

For example,
The ester formed from ethyl alcohol, CH3CH20OH, and butyric acid, CH3(CH2)2COOH, is

0
CH;CH,CH,C— OCH,CH,

T

\
Ethyl butyrate

Strawberries

Bananas

‘A

&

|
; CH, CH,CH,CH,C—SCH,
CH,C—OCH,CH,CHCH, Methy! thiobutanoate
CH3CH2CH31C|—OCH1CH3CH:CH3CH3 (methyl thiobutyrate)
3-Methylbutyl ethanoate (a thioester in which sulfur replaces oxygen)

Pentyl butanoate 5
(Per:{yl butyrate) (isoamyl acetate)

Hydrolysis of an ester in presence of acid or base is called saponification
(il BB g) Gaen agagn @l Audl Al Sl ey

Hydrolysis of ester in presence of acid or base gives alcohol and carboxylic
acid (or its anion): JsSl 5 2l g KU Galeal) Lidaay &l i) Jlas die
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F
f(}//H
@] @]
H”
H,C—C—O0OCH,CH; + H:(:}

Ethyl acetate Acetic acid Ethanol
Saponification of ester (Manufacture of Soap) : Gslall 4slia
Hydrolysis of ester using a hot aqueous base (such as NaOH). The carboxylic acid formed in
the hydrolysis reacts with hydroxide ion to form a carboxylic acid anion. 1 mole of ester
hydrolyzed by 1 mole of base.

Amines & Amides:

Amines are produced by replacing one or more of hydrogens of ammonia (NH3) by an alkyl
group:

sl e ST 51 a5 dlagid ol e i) £

Lisel) e (NH3) JSll de sene J o

CH;CH,NH, (CH;3)3N NH,
Ethylamine Trimethylamine Phenylamine
Aniline

012 Pearson Education, Inc

Amines are the most common organic bases. Amines (with at least one H) condense with
carboxylic acids to form amides
lase¥) ()5Sl Ala g0 KU1 alaa ) ae (S 5 4 gunndl LS el e Lo sad SV 8 il

ﬁ O

Il
CHz—C—OH + H—N(CH3z)y —— CH3;—C—N(CHs), * F20©
Acetic acid Amine Amide Org

T -

Amides are produced from carboxylic acid with NH2 group replacing the OH of the acid:
Examples:

I I
CHS_C_NH2 C_NH2
Ethanamide Phenylmethanamide
Acetamide Benzamide

Introduction to Biochemistry:
Biochemistry is the chemistry of living organisms
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Many of the large molecules in I|V|ng systems are polymers (large molecules composed of many
repeated subunits)
(Buosiall A BN cilan gl cpa Byaad) (ha )5S0 B S il Ja) il jadd sl A Aad) AlaTl) B 5 Sl iy el (e )

These biopolymers can be classified in to three broad categories :proteins ,carbohydrates ,and
nucleic acids .

Ao s sil palaal) g el a5y Sl g ccili g sl sAamd g clid GG L) A gaad) <l yand gl 038 il (S g

Lipids are another class of molecules in living systems ,but they are not biopolymers .
4 gaal) &l pard gl o LSt (dpal) Al A cliy Jad) o s AT b A ¢y ga )

7.5 Proteins (Polypeptides)

Proteins are composed of a repeating unit a-amino acids
Bas g (ya culisd g ) (98T g r- 5y Siall Anisal) (alaad)

R
, I .
e HN—C—COOH  Siionte
H

These amino acids are linked together by condensation reaction between the amino
group of one amino acid and the acid group of another to produce an amide bond or
“peptide bond

Al (aa Ao gana g aal g dudsal) (alaal) (pe dbaal) A ganall (o A Jeli 51k (08 bae dpdial) (alaal) oda Lagi i
i) ddag) )" i daf Ay LY

R—( N—/R
= H
peptide bond /
~
li{ kl‘ H l'|| (”)
H;N—c}—< O +H \—Cl—C—O —
H H CHs
Glycine (Gly; G) Alanine (Ala; A)
H l‘) P]’l i)
Hgfil—clt—< N—C—C—O~ + H:0
H H CHs

Glycylalanine (Gly—Ala; GA)

Polypeptides : are formed when large number of amino acid are linked together by peptide bond
proteins are linear is unbranched but Polypeptides molecules with molecules weights ranging
from about 6000 to over 50 million amu

7.6 Carbohydrates

L oal pall e el (Sans JaS 53 S 4o sane s Sl S5 Claall (e B ke 4 puae LS ja (o
Co (H2 0)y

Simple sugars are polyhydroxy aldehydes or ketones.
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Aldehyde

] |
H—C H—C—OH

" | | Ketone
H—C—OH C=0—"

HO—-C—H HO-C—H
H—C—OH H-C—OH
Hiclz—OH H—5(|Z—OH
H-C—OH H-C—OH

}'{ }'1

Glucose Fructose

In solutlon they form cyclic structures (a,p).
*These cyclic structures can form chains of sugars such as starch and cellulose

‘CH,OH

H C—O—He
—
I/ H N

H OH
/ Open form \‘

CHaOH °CH,OH

|/| \| v/' \T"
\im I/m A/'

a- GlULO\L B- G]U(.U.\L

CIaSS|f|cat|on of Carbohydrates:

Monosaccharides cannot be broken down into simpler carbohydrates.

—Triose, tetrose, pentose, hexose.

*Disaccharides are two monosaccharides attached by a glycosidic link(lose of H from one
monosaccharide and OH from the other). e.g. sucrose, lactose, maltose.
*Polysaccharides are 3 or more monosaccharides linked into complex chains.

—Starch and cellulose are polysaccharides of glucose (Amylose and Glycogen).

Monosaccharides:
The Two most common D-pentoses are:
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CHO CHO
ulon?® wlu
H—{—OH H——OH
H—OH H-—OH

CH, OH CH, OH

D-Ribose  2-Deoxy-D-ribose
The three most common D-hexoses are:

CHO CHO (I:HZOH
H—/OH H——OH C=0
HO——H HO—H HO—H
H-—1-OH HO—H H—+—OH
H-T-OH H—TOH H-—TOH
CH,OH CH,OH CH,OH
D-Glucose D-Galactose D-Fructose

Polysaccharides
Polysaccharides are polymers of tens, hundreds, or even many thousands of

monosaccharides linked together through glycosidic bonds

&1,4 link OH

Cellulose repeating unit Starch and glycogen repeating unit
Starch is not a pure substance. The term refers to a group of polysaccharides found
in plants, Starches serve as a major method of food storage in plant seeds and tubers.
Comn, potatoes, wheat, and rice all contain substantial amounts of starch. These plant
produets serve as major sources of needed food energy for humans. Enzymes in the
digestive system catalyze the hydrolysis of starch to glucose.

7.7 Lipids:
Lipids are a broad class of nonpolar organic molecules.
*The fats known as triglycerides are lipids made from carboxylic acids and glycerol



34

Ester linkage
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H | H | H| H]| H| H| H| H |
H H H H H H H H
X I >4
N N~
From glycerol From fatty acid (palmitic acid)

earson Education, Inc.

Fats

*Fatty acid esters of the glycerol(triol).

Triglycerides are the most common glycerides, and they are used for long-term energy storage
in plants and animals.

*Fats

*Solid at room temperature.

*Most are derived from mammals.

*Qils

-Liquid at room temperature.

*Most are derived from plants

7.8 Nucleic Acids

Nucleic acids (RNA & DNA) are the molecules that store
information for cellular growth and reproduction

Nucleic Acids
(RNA and DNA)

T

Nucleotides

T

Nucleosides + Phosphate group

T

(5 Carbon Sugar + Nitrogen Bases)
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Nucleosides are composed of the 5 carbon pentose sugar(ribose or deoxyribose) and cyclic
base (adenine, guanine, cytosine, and thymine or uracil).

Cyclic bases
Sugars NH; O

Swlklw
HOCH, o HO’CH; O. H = ’ Pk
‘ / \ | / \\ N J\l HaN™ N J\l
H\| I/ OH H\| MOH \dﬁ"i{f‘ B A
. RN \ . RNA
OH LJFI OH I NH, o a
Ribose Deoxyribose .
- N ;\J HN Alth HN)J ]
RNA DNA N e
H H
Cytosine (C) Thymine (T} Uracil (1)
DNA DNA RNA

RNA

Building Blocks

—Nitrogen Bases

*Purines(5 + 6 membered rings) —nhumbering
—Adenine Guanine

*Pyrimidines(6 membered ring) -numbering
—Thymine Cytosine Uracil

—Pentose Sugars (numbering)

*Ribose

*Deoxy Ribose

NH, 0

N7 ‘ 1|\1 HN | ) .
KN \'J HQN*\N NJ 1] i
[

H O)\\ OJ\\ ’ O)\\' ‘

H H H
Adenine (A) Guanine (G) Cytosine(C)  Thymine(T)  Uracil (U)
DNA DNA ) ?
DNA DNA RNA
RNA RNA RNA
HOCHZ O. HOCHZ O.
H\| |/ OH H\| l/ OH
OH UH OH H
Ribose Deoxyribose

Nuu‘(':leoside+ Phosphate group = Nucleotide
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I

: | N N-containing
: k\ J base unit
|

Phosphate
unit

Five-carbon
sugar unit

Sugar-
phosphate
backbone

Nucleotides combine to form t == resen s o he familiar double-helix form of the
nucleic acids (which include DNA(deoxyribo nucleic acid) and RNA (ribonucleic acid)



