
  -:الحلقاث األروماتيت 

ٔتعُٙ انًشكباث انعطشٚت الٌ أغهب   Aromaticْٙ يشكباث حهقٛت أشتق أسًٓا يٍ كهًت  

 يشكباتٓا راث سائحت يًٛضة ٔيٍ أيثهتٓا 

 

 البنزين 

ٚعذ انبُضٍٚ ٔيشتقاتّ احذ اْى صُف يٍ انًشكباث األسٔياتٛت ٔانبُضٍٚ عباسِ عٍ يشكب حهقٙ 

sPسذاسٙ ٚحٕ٘ عهٗ ثالثت أاصش يضدٔجّ ٔثالثت أاصش يفشدِ ٔتٓجُّٛ ْٕ 
2

ٔطٕل آصشتّ   

ْٙ بٍٛ قًٛت االصشة انًفشدة ٔبٍٛ االصشة انًضدٔجت حٛث  اَكستشٔو ْٔزِ انقًّٛ 1.39تسأ٘ 

اَكستشٔو ٔرنك بسبب انشٍَٛ   1.53ٔفٙ األٚثاٌ  1.34فٙ األثٛهٍٛ ٚكٌٕ طٕل اٜصشة 

resonance   ْٕ ٍٚٔانشكم انعاو نحهقت انبُض 

 

 

   Huckels Rule for aromatic structureقاعدة هيوكل لألروماتيت 

 بأستخذاو ْزِ انقاعذة ًٚكٍ انتًٛٛض بٍٛ انًشكب األسٔياتٙ ٔغٛش األسٔياتٙ 

4n + 2 = π electrons                                        

 عذد صحٛح ا٘ بذٌٔ كسٕس nنكٙ ٚكٌٕ انًشكب أسٔياتٙ ٚجب اٌ تكٌٕ قًٛت 



ٔبزنك تكٌٕ    4n + 2 = 6ٔبزنك فاٌ   6πنهبُضٍٚ فعُذ تطبٛق ْزِ انقاعذة عهٗ انبُضٍٚ َجذ اٌ 

  n=1قًٛت 

 

عذد غٛش   n=0.5ٚعتبش يشكب غٛش أسٔياتٙ ٔرنك ألٌ  cyclobutadieneعهٗ عكس انبُضٍٚ  

اٚضا غٛش أسٔياتٙ كٌٕ انًشكب الٚقع بًستٕٖ ٔاحذ  cyclooctatrieneصحٛح ٔانًشكب  

(not planer. حانّ ضشٔسٚت نهًشكباث األسٔياتٛت ٔنشٍَٛ تهك انًشكباث ْٕٔ   ) 

اال اَّ ٚعتبش يشكب غٛش أسٔياتٙ ٔرنكك  6πبانشغى يٍ اٌ نّ   cyloheptatrieneايا انًشكب 

 بسبب عذو تعاقب األٔاصش انًفشدة ٔانًضدٔجت ْٔزا ششط آخش نهًشكباث األسٔياتٛت 

َٛت انتعاقب يٍ خالل بًُٛا انكاسٔكاتٌٕٛ نٓزا انًشكب ٚعذ يشكب أسٔياتٙ بسبب ايكا

 انشٍَٛ

 

 

 

 تسًٛت يشتقاث انبُضٍٚ 

   Benzene  ٕٚجذ َظايٍٛ نتسًٛت يشتقاث انبُضٍٚ األٔل ٚزكش اسى انًشتق ثى ٚتبعّ كهًت 

Two systems are used in naming monosubstituted  benzene . 

In many simple compounds , benzene is the parent name and the 

substituent is simply indicated by a prefix , for example we have  



 

For other simple and common compounds , the substituted and the 

benzene ring taken together may form a commonly accepted parent name. 

 نبعض يشتقاث انبُضٍٚ تسًّٛ شائعت 

Methlbenzene is usually called toluene , hydroxybenzene is almost 

always called phenol , aminobenzene is almost always called aniline . 

These and other examples are indicated here  

 

When two substituents are present , there relative positions are indicated 

by the prefixes ortho- ,meta- , para- (abbreviated o- , m- , p- ) orby the 

use of numbers.                                             

For the dibromobenzenes we have 



 

 

And for the nitrobenzoic acids 

 

The dimethylbenzenesare often called xylenes: 

 

If more than two groups are present on the benzene ring , their positions 

be indicated by the use numbers. 

As examples , consider the following two compounds . 



 

 

 

 

 سًٙ انًشكباث انتانٛت

 

 تفاعالث انبُضٍٚ

األنكُٛاث حٛث تفاعم انبُضٍٚ يع انبشٔو الٚضٔل نٌٕ بصٕسة عايت الٚتفاعم انبُضٍٚ بُفس طشٚقت 

 انبشٔو ا٘ الٚعطٙ ثُائٙ انبشٔيٍٛ 

 

حٛث ٚتى تعٕٚض رسة أ     Substitution reactionٔاًَا ٚذخم ابُضٍٚ تفاعم استبذال 

 انتفاعم يشة اخشٖ يجًٕعت باحذ رساث انٓٛذسٔجٍٛ ٔاٌ َاتج ْزا انتفاعم ًٚكٍ اٌ ٚذخم 

 تفاعم انٓهجُت  -1

عُذ ادخال انكهٕس ٚسًٗ كهٕسِ ٔعُذ انبشٔو ٚسًٗ بشيُّ ْٔكزا ٚتى ْزا انتفاعم بٕجٕد حايض 

 كًا فٙ انًعادنت انتانٛت  FeX3  or    AlX3       نٕٚس  ايا      



 

 Electrophlic aromaticٚسًٗ ْزا انتفاعم بتفاعم االستبذال أ انتعٕٚض األنكتشٔفٛهٙ )

substitution   ٚعًم انعايم انًساعذ يثم   )FeCl3  حايض نٕٚس( حٛث ٚساعذ عهٗ تجٓٛض(

 انتفاعم باألنكتشٔفٛم انالصو نهتفاعم . 

 

 سٔكتٌٕٛ ( يستقش يٍ خالل انشٍَٛانًتكٌٕ )كاانبُضَٕٔٛو 

 



 تفاعم انُتشتت  -2

  nitrobenzeneٚتفاعم حايض انُتشٚك انًشكض يع انبُضٍٚ بٕجٕد حايض انكبشٚتٛك نٛعطٙ 

 

The nitration of benzene with netric acid requires sulfuric acid as a 

catalyst . 

To generate the necessary electrophile , sulfuric acid protonates netric 

acid .Protonated netric acid loses water to form a nitronium ion , the 

electrophile required for nitration  

 

 

The electrophile attaches to the benzene ring  

A base (B) from the reaction mixture (for example .H2O , HSO4, or 

solvent ) removes a proton from the carbocation intermediate  thereby 

reforming the aromatic  ring  

Friedel-crafts acylation of  benzene 

Two electrophile substitution reactionsbear the names of chemists 

Charles friedel and james  crafts . Friedel-Crafts acylation places an acyl 

group on a benzene ring and  Friedel-Crafts alkylation places an alkyl 

group on a benzene ring . 



 

An acyl chloride is used to generate the electrophile for a Friedel-Crafts 

acylation an acyl chloride has a Cl in place of the OH group of  a 

carboxylic acid . 

 

The elerctrophile (an acylium ion is formed by the reaction of the acyl 

chloride with   AlCl3   a lewis acid . 

 

 

 

 



 

 

 



The effect of  Substitution Group on Reactivity 

 electrophilicاصبح يٍ انٕاضح اٌ انبُضٍٚ ٚتفاعم تفاعم تعٕٚض )إستبذال( انكتشٔفٛهٙ 

substitution reaction  

( ٔنكٙ َعشف ٔانتٙ تى ركشْا فٙ انًحاضشة انسابقت )انٓهجُت ٔانُتشتت ٔانسهفُت ٔاألسٛهت ٔاألنكُت

فعانٛت انًشكباث انُاتجت يقاسَت بانُضٍٚ أ٘ ْٙ اكثش فعانٛت أ اقم يٍ انبُضٍٚ عهُٛا فٓى طبٛعت 

ْزِ انًعٕضاث ٔبصٕسة عايت تعتًذ ْزِ انًعٕضاث عهٗ تأثٛش انحث ٔتأثٛش انشٍَٛ 

(inductive effect and resonance effect ٕحٛث انًعٕضاث تضٚذ فعاٚت انبُضٍٚ َح  )

كزنك تعًم عهٗ تحذٚذ يٕقع األضافت )أٔسثٕ أ يٛتا أ عٕٚض األنكتشٔفٛهٙ أ تقهم فعاٚتٓا انت

 باسا ( 

 

There are two ways substituents can donate electrons-inductively or by resonance . 

Substituents can also withdraw electrons inductively or by resonance .                    

 -: تأثير الحث

Inductive effect: the effects are those that occur through the σ system 

due to electronegativity type effects.  These too can be either electron 

donating (e.g –Me) where σ electrons are pushed toward the arene or 

electron withdrawing (e.g  -CF3 , NR3 ) where σ electrons are drawn away 

from the arene .  

Resonance effect: the effects are those that occur through the π system 

andcan be respresented by resonance structures .  These can be either 

electron donating (e.g –OMe) where π electrons are pushed toward the 

arene or electron withdrawing (e.g  -C=O) where πelectrons are drawn 

away from the arene .  

Electron donating groups (EDG) with lone pairs (e.g –Ome , NH2) on 

the atoms adjacent to the π system activate the aromatic ring by 

increasing the electron density on the ring through a resonance donating 

effect . The resonance only allows electron density to be positioned at the 

ortho-  and  para-  positions . Hence these site are more nucleophilic , 



and the system tends to react with electrophiles at these ortho-  and  

para-  sites 

 

Electron withdrawing groups (EwG) with π bonds to electronegative 

atoms (e.g –C=O , -NO2) adjacent to the π system deactivate the 

aromatic ring by decreasing the electron density on the ring through a 

resonance withdrawing effect . The resonance only decreases the 

electron density at the ortho-  and  para-  positions . Hence these site are 

less nucleophilic , and so the system tends to react with electrophiles at 

the -meta sites 

 

ٔسثٕ ٔباسا اكثش سانبٛت يًا ٚضٚذ بصٕسة عايت انًجايٛع انذافعت نألنكتشَٔاث تجعم يٕقعٙ ا

 بٓزٍٚ انًٕقعٍٛ فعانٛت ْزٍٚ انًٕقعٍٛ بأتجاِ انتعٕٚض االنكتشٔفٛهٙ 

ايا انًجايٛع انساحبت فأَٓا تضٚذ انشحُت انًٕجبت عهٗ انًٕقعٍٛ أٔسثٕ ٔباسا ٔبانتانٙ ٚسبب تُافش 

 يع األنكتشٔفٛم فهزنك تٕجّ َحٕ انًٕقع يٛتا  

Donating and Withdrawing electrons Inductively 

If a substituent that is boded to a benzene ring is less electron 

withdrawing than a hydrogen , the electrons in the σ bond that attaches 

the substituent  to the benzene ring will move toward the ring more 

readily than will those in the σ bond that attaches a hydrogen to the ring . 

Such a substituent donates of electrons inductively compared with a 

hydrogen . Donation of electrons through a σ bond is called inductive 

electron donation . We have seen that alkyl substituents (such as CH3) 

donate electrons inductively compared with a hydrogen  



 

If a substituent that is boded to a benzene ring is more electron 

withdrawing than a hydrogen , it will draw  σ electrons away from the 

benzene ring more strongly than a hydrogen will withdraw of electrons 

through  a σ is called inductive electron withdrawal. The  +NH3 group is 

an example of a substituents that withdraws electrons inductively because 

it is more electronegative than a  hydrogen  

 

Donating and Withdrawing electrons by Resonance  

If a substituent has a lone pair on the atom directly attached to the 

benzene ring , the lone pair can be delocalized into the ring ; these 

substituents are said to donate electrons by resonance substituents such 

as  NH2 , OH , OR , and Cl  donate electrons by resonance . These 

substituents also withdraw electrons inductively because the atom 

attached to the benzene ring is more electronegative than a hydrogen  

 

If a substituents is attached to the benzene ring by an atom that is doubly 

or triply boded to amore electronegative atom , the π electrons of ring can 

be delocalized on to the substituents are said to withdrawelectrons by 

resonance substituents such as C=O , C=N , SO3H  and NO2  withdraw 

electrons by resonance . These substituents also withdraw electrons 

inductively because the atom attached to the benzene ring has a full or 

patial positive charge  and , therefore, is more electronegative than a 

hydrogen . 



 

 أيثهت عهٗ رنك

  

 

 

 



Relative r Reactivity of Substituted Benzene 

The substituents shown in table 1are listed according to how they affect 

the reactivity of the benzene ring toward electrophilic aromatic 

substitution compared with benzene in which the substituent is a 

hydrogen . The activating substituents make the benzene ring more 

reactive toward electrophilic substitution ; the deactivating substituents 

make the benzene ring less reactive . Remember that activating 

substituents donate electrons into the ring  and deactivating  substituents 

withdraw electrons from the ring . 

All the activating substituents (except for alkyl substituents ) donate 

electrons into the ring by resonance and withdraw electrons from ring 

inductively . The fact that these substituents have been found 

experimentally to make the benzene ring more reactive indicates that 

there electron donation into the ring by resonance is more significant than 

their inductive electron withdrawal from the ring. 

 

We have seen that an alkyl substituent , compared with a hydrogen , 

donates electrons inductively . 

The halogens are weakly deactivating substituents ;they also donate 

electrons into the ring by resonance and withdraw electrons from the ring 

inductively . Because the halogens have been found experimentally to 

make the benzene ring less reactive , we can conclude that they withdraw 

electrons inductively more strongly than the donate electrons by 

resonance . 

All the substituents that are more strongly deactivating than the halogens 

withdraw electrons both inductively and by resonance except for the 

ammonium ions 



(+NH3 , +NH2R , +NHR2  and +NR3 ). The ammonium ions have no 

resonance effect , but the positive charge on the nitrogen atom  causes 

them to strongly withdraw electrons inductively  

 



 

 

 

 

 



THE EFFECT OF SUBSTITUTION ON ORIENTATION 

When a substituted benzene undergoes an electrophilic substitution 

reaction, where does the new substituent attach itself ? Is the product of 

the reaction the ortho isomer , the meta isomer , or the para isomer? 

 

The substituent already attached to the benzene ring determines the 

location of the new substituent will have one of two effects an incoming 

substituent either to the ortho and para positions , or it will direct an 

incoming substituent to the meta  positions . All activating substituents 

and the weakly deactivating halogens are ortho- para directors and all 

substituents that are more deactivating than the halogens are meta 

directors . Thus , the substituents can be divided into three groups : 

1- All activating substituents direct an  incoming  electrophile to the ortho 

and para positions 

 

2- The weakly deactivating halogens also direct an incoming electrophile 

to the ortho and para positions 



 

3- All moderately deactivating and strongly deactivating substituents 

direct an incoming electrophile to the meta position  

  

To understand why a substituents directs an incoming electrophile to a 

particular position , we must look at the stability of the carbocation 

intermediate , be cause as Figure 2 shows formation of the carbocation is 

the rate –determinig sten 

When a substituted benzene undergoes an electrophile substitution 

reaction three different carbocation intermediates can be formed an ortho-

substituted carbocation , a meta- substituted carbocation and a para- 

substituted carbocation (Figure 3) . The relative stabilities of the three 

carbocations enable us to determine the preferred pathway of the reaction 



because the more stable the carbocation , the more stable transition state 

for its formation , and more rapidly it will be formed . 

When the substituent is one that can donate electrons by resonance , the 

carbocations formed by putting the incoming electrophile on the ortho 

and para positions have a fourth resonance contributor (highlighted in 

Figure 3). This is an especially stable resonance contributor because it is 

the only one whose atoms (except for hydrogen ) all have complete octets 

(that is ,all have outer shells that contain eight electrons ); it is obtained 

only by directing an incoming substituent to the ortho and para positions . 

Therefore , allsubstituents tat donate electrons by resonance are ortho-

para directors . 

 
When the substituent is an alkyl group , the resonance contributors that 

are highlighted in Figure 4 are the most stable . In those contributors , the 

alkyl group is attached directly to the positively charged carbon and can 

stabilized it by inductive electron donation . A relatively stable resonance 

contributor is obtained only when the incoming group is directed to an 

ortho or para position .Therefore, alkyl substituents are ortho- para 

directors. 

 



 

Substituents with a positive charge or a partial positive charge on the 

atom attached to the benzene ring will withdraw electrons inductively 

from the benzene ring , and most will withdraw electronsby resonance as 

well . For all such substituents , the resonance contributors highlighted in 

Figure 5 are the least stable because they have a positive charge on each 

of two adjacent atoms stable carbocation is formed 

 



 ايثهت اخشٖ

 


