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مبادئ الكيمياء العضوية

  

Organic

 Vital Force

 

8181Wohler 

 

 

 

 

8  

8  

3 700
o
C 

4 

 

5 

 

6 

  

 

  الأولالبحث 

  مبادئ عامة في الكيمياء العضوية
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  

  

  

  

   

المجموعات الوظيفية 

NOS

Functional groups

AAlcohols

hydroxyl-OH

Ethanol

primary (1°)secondary (2°)tertiary (3°)

C-OH

C4H10OC3H8O

BAmines 

amino

(1°)

(2°)(3°)
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C3H9N

C Aldehydes and Ketones  

C=Ocarbonyl

CH2O

-CH=O-CHO

C4H8O

C5H10O

DCarboxylic Acids

-COOH

EEsters

-COO-

FAmides 

-OH-CON-

C3H6O2C4H8O2

C4H8O2
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Tamiflushikimic acid

Tamiflushikimic acid

البنية الجزيئية 

 

  

8 

 

8 

  

Electronegativity

 

 

 

Na, Cl, S \\\  N, O, C  \\\    S, O, F

Bonding

 



 

 

5 

 

 

  

 

 

H2Cl2O2C-HC-C

0.5 >  

1.9 – 0.5 

H2ONH3HCl

-
δδ  

  

   

 0.5  

  0.5 1.9  

  1.9  

H-F , B-C, C-Li, C-Cl

 F2, CH4, LiBr, NaNH2, CH3CH3 

  Hybridization Orbitals

CH4

ps

2p2s 
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 2p2ssp
3

Tetrahydron

o
109.5

 2p2ssp
2

o
1202p

 

 2p2ssp

2p

o
180 

C2H4C2H6CH4

 σMethane  

sp3

σ    
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Ethane σsp
3

σsp
3   

   
   

   
  

sp
3

H2ONH3

CH3-CH3 H2O      NH3 

 π Ethylene 

sp
2

psp
2

σ

σ

pππ 

 

 

π

C=CC=ON=N

 Acetylene, H-C≡C-H 

spσ   
  

   
  

 

σ180
o

p

pπ     
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–C≡NN≡N  

  

 

σ

π 

σσ

109.5sp
3

4 

120sp
2

3

180sp2
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  σ π  

   

 الطنيـنResonance 

NO2


CO3
2C-O

≡



 

 

10 

 

C-C

C-C

≡    

Nitroethane

≡        

Resonance

  

 π 

 

  

 π π 

 π 

 π 

π  
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π π 

π  

 

π 

sp
3
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مقدمة

Hydrocarbons

AliphaticAromatic 

 Hydrocarbons

AliphaticAromatic

Alkanes Alkenes Alkynes 

CnH2n+2sp
3

وجود الألكانات في الطبيعة

75%

15%5% 

GasolineKeroseneDiesel

Fuel oilLubricants oilAsphalt

o
C 

Natural GasC1-C4  < 20 
GasolineC5-C8 20-200 
KeroseneC10-C16175-275

Fuel or Diesel oil  C15-C20 250-400 
Lubricants oil C18-C22 >  300 

Asphalt C20 < Nonvolatile  

  الثانيالبحث 

    Alkanes & Cycloalkanes الألكانات والألكانات الحلقية 
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 التماكبIsomerism 

Isomers

i Constitutional isomerism

 

ii Stereoisomerism

ABC

ASkeletal Isomers 

C4H10

C5H12

BPosition Isomers  

C5H11Cl

H

Cl

CH3

CH2 C CH2 CH3

Cl

CH3

CH3 C CH2 CH3

1-chloro-2-methylbutane 2-chloro-2-methylbutane

Cresol  
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CH3

OH

OH

CH3

OH

CH3

o-cresolm-cresolp-cresol

CIsomers  Functional 

C2H6O

CH3 O CH3 CH3 CH2 OH

dimethyl ether ethanol

C3H6O

CH3 CH2 CH

O

CH3 C CH3

O

propanal acetone

C2H6O2

CH3 C O

O

CH3OHCH3 CH2 C

O

methyl acetatepropionic acid

C6H14

C5H10O2

C3H8O

 تسمية الألكاناتNomenclature 

IUPAC

International Union of Pure and Applid Chemistry1957

prefixparent namesuffix
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1 

ane 

2  

3 Alkyl Group R

ane-yl 

CH3-methylmethane 
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4 

 

di-tri-

tetra-penta- 

 الألكانات الحلقيةCycloalkanes 

(cyclopentanes)(cyclohexanes)
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cycloalkanecyclo-

2-ethyl-1,4-dimethylcyclohexane1-tertbutyl-4-ethylcyclohexaneisopropylcyclopentane

IUPAC  
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IUPAC  

  

 

C6H14

IUPAC

 الخواص الفيزيائيةPhysical Properties 

C-H

Intermolecular Forces

Dispersion Forces
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C5C17C18

n-pentane36
o
C~28

o
C

  

(a) Butane  // decane // hexane 

(b) 2-Methylheptane // octane // 2,2,4-trimethylpentane 

(c) 2-Methylbutane // 2,2-dimethylpropane // pentane 

(d) 3,3-Dimethylheptane // 2,2,4-trimethylhexane // nonane 

تفاعل الألكانات  Alkanes Reaction of 

ParaffinParum affinis

HClH2SO4NaOH

KOH
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A Oxidation 

CH4 + O22 CO2 OH22+ + هبحرارة ل

CH4 + O26 CO H210+ +
1500 oC CH CH2 2

CH4 + OH2 CO H23+
850 oC

iN يط س و
 

B Halogenation of Alkanes 

400
o
-250

o
CHCl

CH3ClChlorination

Bromination

CH2Cl2CHCl3

CCl4

RadicalsCl2

Cl-Cl   
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مقدمة

Unsaturated

C=CAlkenesOlefins

C≡CAlkynesAcetylenesπ

σπ

π

E
+
 π

The Structure of Alkenes

sp
2

120
o
Cσsp

2𝛔
         

πp𝛑
     

π 

C=C

pπ 

nesyThe Structure of Alk

C2H2sp

H-C-C-Hσp

p

  الثالثالبحث 

  Alkenes and Alkynes  والألكينات الألكنات
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ππ

حديد درجة عدم الأشباعـت Calculating Degree of Unsaturation

CnH2nCnH2n-2

CnH2n+2

Cyclic 

 

C4H6 

 H2n+2 = 2(4)+2 = 10 

 10-6=4 

 H4/2=2 

  

 

 

(2n+2)  - H
=

n

H 2

 

C5H8OC5H8 [((25)+2) -8]/2= 2
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C6H11ClC6H12 [((26)+2) -12]/2= 1

 

 

C8H9NC8H8[((28)+2) -8]/2= 5

 

 

 والألكينات تسمية الألكناتNomenclature 

IUPAC

ane–ene–  

2,3,5-trimethyl-2-hexene2-hexene
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sp
2

Vinylic

sp
3

Allylic

 

-ene

Alkadiene

Alkatriene 

Trans Isomerism–Cis

C=C2-butene

cistrans

cis- 
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ane–

ney– 

-adiyne-atriyne

 

 

a) cis-5,6-dimethyl-2-octene 

b) 3-methylcycloheptene 

c) 4-tert-butyl-5-decyne 

d) 3-methylcyclononyne 

e) trans-3-hexene

 الخواص الفيزيائية للألكناتPhysical Properties of Alkenes 

C18

 

 

  

   

b.p. +1 

 

b.p. +4 
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 تفاعلات الألكنات والألكيناتand Alkynes Reactions of Alkenes 

Functional GroupR-OH

R-COOH

σ

ππ

σπ

 πو  σرابطة مضاعفة مؤلفة من  σوتتشكل رابطتين  πتتحطم الرابطة 
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Electrophile

Electrophilic Addition 

  Electrophilic Addition وفييية للألكنات الإضافة الإلكتر

E
δ+

π

Nu
δ-

  

C C + E

Nu

 E C C
+

+ Nu:
-

E C C
+

+ Nu:
-

NuE C C

 

sp
2

XY

syn-addition

anti-addition

 

1 Hydrogenation  

πH-HC-H 

 الإضافة تتم على نفس

 طرف الرابطة المضاعفة

الإضافة تتم على طرفين 

 متعاكسين للرابطة المضاعفة
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a

PtPdNi 

πC=Cσ H-H

bσC-Hc

Syn-addition

2,1

Pt2,1  

2 Halogenation of Alkenes 

Br2Cl2I2

CCl4CH2Cl2  

Br2Bromination

π.

 X2إضافة 

 πتتحطم الرابطة 
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halonium ionX
-

Stereochemistry of Halogenation 

Anti-addition

 

 

 متخايلين بشكل ترانس

 شاردة الهالونيوم
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3 Hydrohalogenation

HX

HX

HIHFHI > HBr > HCl > HF 

 

Stereoselectivity 

X
-

Syn-Anti-  

Regioselective Markovnikov’s Rule

 

 كربوكاتيون ثانوي

 كربوكاتيون أولي
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4 Hydration

  

H3O
+

HX 

Syn-Anti-

HBr  
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5 Oxidation–Hydroboration

1BH3

2H2O2 

Syn-/

BH3H2O2  

 

 Polymerization of Alkenesبيمرة الألكنات 

monomers

Homopolymer

CopolymerHeteropolymer

π

Ethylene

polyethylene
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 nesyReactions of Alkتفاعلات الألكينات 

π

-
NH2NH3

pKapKa

pKa 38   pKa 25 

pKa 25
–
OHpKa 15.7H2O 
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مقدمة

R-XAr-X 

CHCl3CCl4

DDT(freon CCl2F2)

Chloramphenicol 

1
o

2
o

3
o

 

 هاليدات الألكيل تسميةNomenclature

IUPAC

halochlorine → chloro 

di-tri-

tetra-

 

  الرابعالبحث 

 Haloalkanes هاليدات الألكيل 
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methyl iodide 

IUPAC 

  

(a) 1-Bromo-2,2-dimethylpropane.  

(b) 4-Bromo-3,4-dimethyl-2-pentene. 

(c) 2-Bromooctane.

IUPAC 

 

IUPAC 

 

لهاليدات الخواص الفيزيائية لPhysical Properties 
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الألكيلهاليدات  تفاعلات Reactions of Alkyl Halides

  

 

1eactionRubstitution S 

sp
3

C
δ+

 

XLeaving group

pKa

Nucleophil

2eactionRlimination E 

HX

3 

OHOR
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1
o

2
o

3
o

 

Nucleophilicity and basicity   

πB:

:Nu
-

 

 

تفاعلات الاستبدال النيكلوفيلي sSubstitution Reaction 

Nucleophil

Nu:
- 

R-Nu
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A2NS 

 

v

                   k

SN2 

2NS 

sp
3

C
δ+

-X
δ-

Nu-CC-X

 

sp
3

sp
2

sp
3

p

sp
3

Inversion 

 

SN2:

2NS 

SN2

SN23
o
 RX << 2

o
 RX < 1

o
 RX << CH3X
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SN2  

B1NS 

SN1 

C
δ+

-Br
δ-

                 k

1NS 

[1]C
δ+

-X
δ-

A

sp
2

[2] BC
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50%50%

 

1NS

SN1

SN1 

SN1:

2NS1NS 

a 

C-X

SN13
o

SN1

1
o

SN2SN2SN1

b 

SN1        

SN2               
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SN2

SN2HO
-

RO
-

SN1H2OROH 

2
o

(cis-1-bromo-4-methylcyclohexane)

-
OHH2O

 
-
OHSN2

Br

 

H2OSN1
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c 

 

pKa

 

pKa

 
F

- 
 >  Cl

- 
 >  Br

- 
 >  I

-

  

d

SN1

 

SN2

 2N1, SnS 

SN1  SN2    

     

    

R3CX > R2CHX > R1CH2X  R1CH2X > R2CHX > R3CX    

H2OROH  
-
OH

-
OR 

 

      

      

SN1SN2 
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 الحذفتفاعلات sReactionElimination  

AE1 

SN1E1

  

E1 SN1

β  

BE2 

E2

-
OH

-
OR

NaOH, KOH 

E2SN2

β     وتتشكل  لرالطةكπ،
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 E1E2

E1  E2    

     

    

R3CX > R2CHX > R1CH2X  R3CX > R2CHX > R1CH2X  

 

H2OROH  
-
OH

-
OR   

      

      

SN1

    

  

Zaitsev rule 

 

HBr2-bromo-2-methylbutaneH

β1

Hβ2

 

 

 

 



 

 

45 

 

  

E2 

SN1E1 

E1 

E1E2 
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 1NS   ، 2NS ، E1 ، E2 : متى تكون الآلية

SN1SN2E1

E2

 

1 

CH3COO
-
, CN

-
, HS

-
, Br

-
, I

-
 

2 

DBUDBNKOC(CH3)3

DBU:  1,8-diazabicyclo[5.4.0]undec-7-ene DBN: 1,5-diazabicyclo[4.3.0]non-5-ene

CH3CH2BrKOC(CH3)3

  

1  

2  

 

     

SN2   
R1CH2X  

E2   

SN2 + E2   

R2CHX  E2    

SN1 + E1   

SN1 + E1    
R3CX  

E2    
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+CH3 BrCH2 OH
-

CH3 OHCH2 Br
-

+
S

N
2

→ 

+CH3 BrCH2 -OC(CH3)3 CH2 CH2

E2
K

+

→   

+ OH
- E2

CH3

CH3

CH3

Br

C CH2

CH3

CH3 C

→ 

+ OH2

E1 + S
N
1

CH3

CH3

CH3

Br

C CH2

CH3

CH3 C+CH3

CH3

CH3

OH

C

→ 

 

Br

C(CH3)3

+ OH2

  

  

 SN1E1 

Br

C(CH3)3

+ OH2

OH

C(CH3)3

OH

C(CH3)3

+

C(CH3)3

+

E1SN1 
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Br O
-

CH3+

  

 CH3O
-

 

 SN2E2 

Br O
-

CH3+ O CH3 +

E2SN2

  

Cl

CH3

+

OH

CH3

............

ClCH3

CH3

+ ............

CH2

CH3

CH3
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مقدمة

Alcohols-OH

(hydroxyl)sp
3

 

 

-OH 

–OHsp
2

 البنية والروابطStructure and Bonding

sp
3

sp
3

σ

sp
3

σ109.5
o

sp
3

 

  الخامسالبحث 

  Alcoholsالكحولات 
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التسمية Nomenclature

-ol-OH

dioltriol

-OH1

2-Methylcyclohexanol4-Methyl-2-pentanol

-OHC=C-

OHC=C-OH

(2E)-2-Hexen-1-ol 

(trans-2-Hexen-1-ol)

2-Propen-1-ol 

(Allyl alcohol)
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 الخواص الفيزيائيةPhysical Properties

C
δ+

-O
δ-

HO

 

 

C5

C5
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82.3°C, 99.5°C, 117°C 

H
+

Ka

pKapKa = -log Ka pKa<5

CH3O
-

 

pKa 

  تفاعلات الكحولاتReactions of Alcohols

1  

LiNaK

 

2

 HXHI , HBr , HCl

HX 
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HX 

 3PBr

PBr3phosphorous tribromide  

 2SOCl 

SOCl2 

 

 

 

-OH-Br 

 

-OH-CN
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3Dehydration  

Dehydration

 

  

  2-Butanol         2-Butene   1-Butene 

       80%       20% 

POCl3phosphorus oxychloride
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(a) 2-Methyl-2-butanol 

(b) 3-Methyl-2-butanol 

(c) 1-Methylcyclopentanol 

(d) 2-Methylcyclopentanol 

1,2-diol-OH

C=O

 

4Oxidation of Alcohols  

H2CrO4K2CrO4

  

PCC (Pyridinium chlorochromate)  

 PCC 

(a) 1-Hexanol  (b) 2-Hexanol  (c) Cyclohexanol 
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مقدمة

C=O

  

 

 

-α 

I

-OH 

  

  السادسالبحث 

  Carbonyl Compounds( I)مركبات الكربونيل 

Carboxylic Acid and its Derivatives  
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II

  

pKa

pKa 

   pKa

I
II
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 البنية والروابطStructure and Bonding

sp
2

120
o

 

sp
2 

σ

πp 

 

 التسميةNomenclature

 Carboxylic Acids 

eoic acid

 

C1
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“carboxylic acid”  

 Acyl Halides 

OH

oic acidoyl bromide oyl chloride

carboxylic acidcarbonyl chloride  

 Acid Anhydrides 

-acid-anhydride

anhydride
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 Esters 

-OH-OR’

R’

-oic acid-oate

 

oxa  

 Amides 

-OH–NH2–NHR –NR2

-oic acid-amide

carboxylic acidcarboxamide  
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N 

aza  

 Nitriles 

CN-C≡N

I 

nitrile

 

oic acid

onitrilecyanide  
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 الخواص الفيزيائيةPhysical Properties

  

 Amide > carboxylic acid > nitrile >> ester ~ acyl chloride ~ aldehyde~ ketone

 

في حيي  ححح

 

↑↑ 

 

C=O-OH-NH-

 Ka10
-4

10
-5

acetic acid1.74 x 10
-5

pKa = 4.76 

(pKa 4–5)(pKa 16–18)
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α

Chloroacetic acid

NaOHKOH

 مركبات الكربونيل تفاعلات(I ) (I)   Carbonyl CompoundsReactions of  

 

 

Z:
-

C=O

πC=Osp
2

sp
3

π

Y
-

k-1 Z
-

k2. 

Y
-

Z
-

 

 Z
-

k-1>> k2Z
- 

 

 Y
-

k-1<< k2Y
- 

Y
-

 

 Z
-

Y
-

k-1≈ k2Z
-

Y
-
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RCOO
-

ROH

RNH2

 

Br
-
, Cl

-

 

RO
-

hydrolysis 

alcoholysis
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aminolysis

 

HO
-

RO
-

 

Fischer esterification  

 

 

oilsaponification 
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 pKa  

 CH3-CO-Cl

  

  

 Decarboxylation 

CO2

ββ-ketoacid

malonic acid

  
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 -
H

 

NaBH4LiAlH4H
-

LiAlH4NaBH4

Al-HB-H 

LiAlH4

LiAlH4

  

a) Benzoic acid  

b) ethyl ethanoate 

c) N-ethyl-N-methylpentan amide 

d)  Cyclopentanecarbonyl chloride  
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مقدمة

 

 I

 

 II

 

formaldehyde

R 

H
-

R
-

 

       

  

 

 

  السابعالبحث 

  Carbonyl Compounds( II)مركبات الكربونيل 

Aldehydes and Ketones 
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 التسميةNomenclature

 Aldehydes 

e--al 

-ic acid-aldehyde  

“carbaldehyde” 

 

 

  

-

al3-hydroxybutanal

C=C3-pentenal

 Ketones 

e-one 

1
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oxo 
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مركبات الكربونيل لات تفاع(II )   Reactions of Carbonyl Compounds (II) 

A

H
-
,R

-

Z:
-

H
-

C
-

sp
3

 
-δ

C
δ+

=O

.

 

~ 

R-CO-Cl > R-CO-O-CO-R’ > R-CHO > R-CO-R’ > R-CO-O-R’ ~ R-CO-OH > R-CO-NH2 

1Grignard Reagents 

R
-
-Mg

+
-X 

RR
+
-X

-
R

-1
-Mg

+2
-X

-1
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RMgX→RH  

 

CO2 

I

–OR–R
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I 

  

  

CH

Ph

CH2
OH

CH3

CH3C

Ph

CH3

OH OH

CH2

CH Ph

CH3
Ph

CH2

CH2
OH

CH2

OH

CH

CH3

OH

CH2

OH
CH3

1. 2. 3. 4.

5. 6. 7.

2HCN
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3

 

NaBH4LiAlH4LiAlH4

NaBH4

 

NaBH4 

 

NaBH4I

LiAlH4 I
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NaBH4

B

NO

Z:
-

NOsp
3

sp
2
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1

gemdiol

 

2

hemiacetalacetal 

hemiketalketal 

  



 

 

77 

 

3

imineC=N

 

enamine

–α–β enamineene + amine

 

CEnol Tautomerism-Keto  

-carbon

-hydrogens 

HC≡CH-OH
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

Tautomers

ene+ol

2,4-Pentanedione80%
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مقدمة

Hydrocarbons

AliphaticAromatic 

aromatic

Benzene 

arene

aryl groupAr-alkyl group

R-

 البنية والروابطStructure and Bonding

tructureKekulé s

5281 C6H6

4

Ethylene

Br2C6H6

FeBr3HBr

 

Ethylene

 

Benzene

 

BrH
+ HBr↑ 

 

C6H5Br

C6H4Br2 

  الثامنالبحث 

  Benzene and theConcept of Aromaticity البنزن ومفهوم العطرية
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Kekule

Kekulé 

structure  

 

The Molecular Orbital of Benzene

sp
2

σ

pp

π

p

p

Delocalization
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Benzene’s Unusual Stability

π

  

-120 kJ/mol

2 x (-120)= -240 kJ/mol -231kJ/mol

3 x (-120)=-360 kJ/mol -208kJ/mol

-120kJ/mol

-230kJ/mol

-208kJ/mol

-360-(-208)=-152 kJ/mol

152kJ/molResonance energy

  

الصفة العطرية وقاعدة هيوكل and the Huckel Rule Aromaticity

Aromaticity 

π

 

5  

8  

3 p 

4 π  



 

 

82 

 

5 pp

 

1,3,5-hexatrienep

p

8 pπ 

1,3,5,7-Cyclooctatetraene 

p  

3 

psp
2

 

4 (4n + 2)π

n 

π(4n + 2) = 2, 6, 10, 14, 18, …….. n n= 0,1, 2, 3, 4, 5 

π  

4nπ

Antiaromaticiy

π 

pπ

2 π + 4n260101
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Cyclopropene

psp
3

Cyclopropenyl cationp

8πCyclopropenyl anion

4π  

 

1,3-cyclopentadieneanion

cation

 

Cyclobutadiene[4]-annulene

[14]-annulene

[18]-annulene

[10]Annulene

[8]Annulene
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sp
2

p

  

 
 

   

AB6πC12π 
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cyclooctatetraene

 

 التسميةNomenclature

IUPAC 

IUPAC 

(vinylbenzene)  (isopropylbenzene)  (methylbenzene) 

(hydroxybenzene) (aminobenzene)  

C6H5-HC6H6

PhenylPh Phenol

Ph-OHC6H5-OHAnilinePh-NH2

 

 

 1,2-orthoo- 

 1,3-metham- 

 1,4-parap- 
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5

 

polycyclic aromatic hydrocarbons 
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IUPAC 

 

 

a) Isopropylbenzene (Cumene) 

b) 1-ethyl-4-iodobenzene 

c) 3-butylphenol 

d) 1-bromo-4-chloro-2-toluene

trichlorobenzenesC6H3Cl3

 

a) isobutylbenzene  

b) o-dichlorobenzene  

c) cis-1,2-diphenylcyclohexane 

d) m-bromoaniline  

e) 4-chloro-1,2-diethylbenzene 

f) 3-tert-butyl-2-ethyltoluene 

 

a) o-Ethylanisole  

b) p-Nitroaniline  

c) m-Chlorostyrene  

d) 2,5-dinitrobenzaldehyde  

e) o-xylene  

f) para-toluidine  

g) 2-bromo-4-iodophenol

تفاعلات الاستبدال الالكتروفيلي في المركبات العطرية

E
+

π

π لعطرية بهجوم ألكتروفيلي  عيعيب بي ال الطرياية التي  هيت  بهي         ا

.ف  الألكن πعلى الالكترون ت 

 

C=C

E
+

Z
-
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E
+

Z
-

b

Z
-

a
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a -Cl -Br -I  

b -NO2  

c –SO3H 

d –CO-R  

e –R  

a

FeCl3FeBr3  

I
+

  

b

8:5 

c

Fuming

SO3SO3
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d

 

e

 

AlCl3  


