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Lecture	1.	
Basic	Provisions	Of	The	Theory	Of	The	Structure	Of	Organic	

Compounds.	Types	Of	Chemical	Bond	
	

Organic	 chemistry	 is	 the	 chemistry	 of	 carbon	 compounds.	 According	 to	
another	 widely	 used	 definition,	 organic	 chemistry	 is	 the	 chemistry	 of	
hydrocarbons	and	their	derivatives.	

Several	 reasons	 led	 to	 the	 manifestation	 of	 the	 above‐mentioned	
properties	 by	 carbon.	 It	 has	 been	 proven	 that	 the	 C‐C	 bond	 energy	 (bond	
strength)	 is	 comparable	 to	 the	 C‐O	 bond	 strength.	 The	 Si‐O	 bond	 is	 much	
stronger	than	the	Si‐Si	bond.	

Carbon	can	exhibit	not	one,	but	three	types	of	hybridization	of	orbitals:	in	
the	case	of	sp3‐hybridization,	 four	hybrid	orbitals	with	 tetrahedral	orientation	
are	 formed;	with	 their	 help,	 covalent	 bonds	 are	 formed.	 In	 the	 case	 of	 sp2‐
hybridization,	three	hybrid	orbitals	oriented	in	the	same	plane	are	formed,	and	
in	 combination	 with	 a	 non‐hybrid	 orbital	 they	 form	 double	 multiple	 bonds;	
finally,	with	the	help	of	sp‐hybrid	orbitals,	which	have	a	 linear	orientation,	and	
non‐hybrid	orbitals,	triple	bonds	between	carbon	atoms	arise.	

Now	it	is	well	known	that	carbon	atoms	are	able	to	form	single,	double	and	
triple	bonds	not	only	with	each	other,	but	also	with	other	elements.	Thus,	 the	
modern	theory	of	the	structure	of	molecules	explains	both	the	 large	number	of	
organic	compounds	and	 the	dependence	of	 the	properties	of	 these	compounds	
on	their	chemical	structure.	It	fully	confirms	the	main	principles	of	the	theory	of	
chemical	 structure,	 developed	 by	 the	 outstanding	 Russian	 scientist	 A.M.	
Butlerov.	

	
Basic	provisions	of	the	theory	of	the	structure	of	organic	compounds	
	
1)	 atoms	 in	molecules	 are	 connected	 to	 each	 other	 by	 chemical	 bonds	

according	to	their	valence;	
2)	 atoms	 in	 the	molecules	 of	 organic	 substances	 are	 connected	 to	 each	

other	 in	 a	 certain	 sequence,	which	 determines	 the	 chemical	 structure	 of	 the	
molecule	

3)	 the	properties	of	organic	compounds	depend	not	only	on	 the	number	
and	nature	of	the	atoms	included	in	their	composition,	but	also	on	the	chemical	
structure	of	the	molecules;	

4)	in	molecules,	there	is	a	mutual	influence	of	atoms	both	related	and	not	
directly	related	to	each	other	

5)	the	chemical	structure	of	a	substance	can	be	determined	as	a	result	of	
studying	 its	 chemical	 transformations	 and,	 conversely,	 its	 properties	 can	 be	
characterized	by	the	structure	of	a	substance.	
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	In	this	case,	one	new	substance	is	formed	from	two	(or	more)	molecules:	
	
2.	 Substitution	

reactions.	
	
One	atom	(or	group	of	atoms)	 is	replaced	 in	a	molecule	by	another	atom	

(or	group	of	atoms),	resulting	in	the	formation	of	new	compounds:	
	

CH4		+		Cl2			→		CH3Cl		+		HCl	
	
3.	Cleavage	reactions.	
	
As	a	result	of	such	a	reaction,	a	new	substance	containing	a	multiple	bond	

is	formed:	
	
CH3–CH2Br		+		NaOH		→		СН2=СН2		+		NaBr		+		H2O	
																																												alcohol	solution	
	
4.	Decomposition	reactions.	
	
These	 reactions	 lead	 to	 the	 formation	of	new	 substances	with	a	 simpler	

structure	as	a	result	of	the	decomposition	of	the	original	compound	into	two	or	
more:	

	
	
	
	
5.	Oxidation	reactions.	
	
When	the	original	compound	is	oxidized	by	air	oxygen	in	the	presence	of	

catalysts	or	oxidants,	a	new	substance	is	formed:	
	
	
	
	
6.	Polymerization	reactions.	
	
As	 a	 result	 of	 the	 addition	 of	 a	 large	 number	 of	 simple	 substances	

(monomers)	 to	 each	 other,	 a	 new	 substance	with	 a	 complex	 structure	with	 a	
large	molecular	weight	(polymers)	is	formed:	
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Lecture	2	.		
NOMENCLATURE	OF	ORGANIC	COMPOUNDS	

	
The	nomenclature	is	recommended	by	IUPAC	‐	International	Union	of	Pure	

and	Applied	Chemistry.	
The	most	common	is	the	substitute	nomenclature.	
The	 very	 name	 of	 the	 nomenclature	 shows	 that	 some	 kind	 of	 base	 is	

distinguished	in	the	compound,	in	which	hydrogen	atoms	are	replaced	by	other	
atoms	or	groups.	

According	 to	 the	 rules	 of	 IUPAC,	 the	 name	 of	 an	 organic	 compound	 is	
constructed:	

1)	from	the	name	of	the	main	chain	that	forms	the	root	of	the	word	and	the	
names	of	functions	used	as	prefixes	or	suffixes	(functional	nomenclature).	

2)	the	name	of	the	compound	consists	of	a	word,	the	root	of	which	is	the	
name	 of	 the	 parent	 structure,	 and	 the	 names	 of	 substitutes	 are	 indicated	 by	
prefixes	(prefixes)	and	suffixes	(substitute	nomenclature).	

	
The	names	of	the	first	10	hydrocarbons	and	their	radicals	are	given	in	the	

table:	
Hydrocarbons 

Methane CH 4 Hexane C 6 H 14 
Ethan C 2 H 6 Heptane C 7 H 16 

Propane C 3 H 8 Octane C 8 H 18 
Butane C 4 H 10 Nonan C 9 H 20 
Pentane C 5 H 12 Decan C 10 H 22 

Одновалентні радикали 
Methyl CH 3 - Hexyl C 6 H 13 - 
Ethyl C 2 H 5 - Heptyl C 7 H 15 - 
Propyl C 3 H 7 - Octyl C 8 H 17 - 
Butyl C 4 H 9 - Nonil C 9 H 19 - 

Pentyl (amyl) C 5 H 11 - Decil C 10 H 21 - 
		
A	 substituent	 is	 any	 atom	 or	 group	 of	 atoms	 that	 replaces	 a	 hydrogen	

atom	in	the	parent	structure.	
A	 functional	 group	 is	 an	 atom	 or	 a	 group	 of	 atoms	 of	 a	 hydrocarbon	

nature,	which	determine	whether	a	 compound	belongs	 to	a	 certain	 class	with	
certain	chemical	properties	(functions).	

A	characteristic	group	 is	a	 functional	group	associated	with	 the	 family	
structure.	
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Table	
The	main	functional	groups	are	arranged	in	descending	order	of	

seniority	
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HOMOLOGOUS	SERIES	OF	ORGANIC	COMPOUNDS	
	
Compounds	 similar	 in	 chemical	 properties,	 the	 composition	 of	 which	

differs	from	each	other	by	the	CH2‐	group,	are	called	homologues.	
Homologs	arranged	in	order	of	increasing	relative	molecular	weight	form	

a	homologous	series.	The	CH2‐	group	is	called	a	homologous	difference.	
For	example,	a	number	of	saturated	hydrocarbons	(alkanes).	
Its	simplest	representative	is	CH4	methane.	
Homologues	 of	methane	 are:	 ethane	 C2H6,	 propane	 C3H8,	 butane	 C4H10,	

pentane	C5H12,	hexane	C6H14,	heptane	C7H16,	etc.	
The	formula	of	any	subsequent	homolog	can	be	obtained	by	adding	to	the	

formula	of	the	preceding	hydrocarbon	the	homologous	difference. 
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CHEMICAL PROPERTIES OF ALKANES 
 
1.  Free radical substitution reactions 
 
Halogenation 
 
 
 
 
 

       methane    chloromethane    dichloromethane     trichloromethane        tetrachloromethane 
 

Stages of the process: 
 
1) Initiation 

 
Under the action of a quantum of light, the halogen molecule 
disintegrates into radicals: 

              hν 
Cl : Cl  → 2Cl. 

 

1) Chain growth  
 

A halogen radical, approaching a hydrocarbon molecule, causes an increased 
movement of hydrogen in the C–H bond. This leads to the splitting off of a proton. A 
halogen radical combines with a proton to form a hydrohalogen (reaction a), and a 
new hydrocarbon radical (CH3) appears in the reaction mixture, which attacks a new 
halogen molecule, forming a halogenated hydrocarbon (reaction b). The newly 
formed halogen radical attacks another alkane molecule, and all stages of the process 
are repeated (reactions c, d). 

 
Cl.  + H:CH3  →  H:Cl  +  H3C

.                   (a) 
H3C

.  +  Cl:Cl  →   H3C:Cl  +  Cl.               (b) 
 
H3C:Cl  +  Cl.  →  H2CCl.  +  HCl                  (c) 
 
H2CCl.  +  Cl:Cl  → H2CCl2  +  Cl.             (d) 

 
A free halogen atom attacks first of all the hydrogen atom of the tertiary carbon 

atom, then the secondary one, and lastly the primary one, that is, selectivity is 
manifested in the halogen attack. 
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The bromination reaction is more difficult than the chlorination reaction, 

requiring heating to 130 °C in addition to a quantum of light. The ratio of 
bromination reaction rates on tertiary, secondary and primary carbon atoms is 
600:82:1, respectively. Accordingly, it can be stated that the bromination reaction 
proceeds exclusively on the tertiary carbon atom. 

 
 

 
                   
              2-methylpropane        2-bromo-2-methylpropane 
 
As the activity of the halogen decreases, the rate of the halogenation 

reaction also decreases: when iodine is used, the reaction practically does not 
proceed. 

Fluorination of alkanes is practically impossible to carry out in a direct way, 
because the energy released during the reaction is enough to break C-C and C-H 
bonds, so the process proceeds with an explosion. Usually, fluorination is carried out 
with a mixture CoF2 та F2. 

 
Nitration: 

R–H  +  HNO3(dilute)   →  R–NO2  +  H2O 
 
Oxidation: 
Oxidation with atomic oxygen occurs in stages, with the gradual formation of 

alcohols, aldehydes and carboxylic acids: 
 
                                      [O]                         R–CH2OH  alcohols                 

R–CH2–CH2–R                                            R–CH=O   aldehydes                

                                catalyst                          R–COOH  carboxylic acids 

             
 If oxidation occurs in the presence of a stoichiometric norm or an excess of oxygen, 
alkanes decompose into carbon dioxide and water. 
This reaction is characteristic of all classes of hydrocarbons: 
 

CH4 +  2O2  → CO2 + 2H2O + 890 kJ/mol 
 

tertiary                   secondary           primary             methyl   
radical                      radical               radical              radical 
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Under the conditions of the participation of a catalyst, such as nickel, at 1000 ºС, the 
destruction of the alkane molecule with the formation of starting elements is possible: 
 

Ni,1000°C 
CH4                       C  +  2H2 

                                              
  Heating to high temperatures in an oxygen-free environment leads to the detachment 
of hydrogen atoms with the formation of a triple bond –С≡С– : 
 
                            1500°C 
                2CH4                    HC≡CH  +  2H2 
            
Combustion of alkanes with the participation of a catalyst leads to partial oxidation 
with the formation of carbon monoxide and hydrogen: 
 
                          NiO, 700°C 
                CH4                      СО  +  3H2       
 
If alkanes are oxidized by air oxygen, which is not enough in the reaction mixture 
(less than the stoichiometric norm), carbon monoxide is also formed:   
       

2CH4  +  O2  →  2CO  +  4H2 
 

This reaction is often realized in household stoves and fireplaces, if the oven 
door is tightly closed. This mode of burning gas or wood and the stove can lead to 
poisoning of people and their death. 

 
Individual representatives. Alkanes make up the main part of oil. Oils 

contain slightly more alkanes with an even number of carbon atoms, which is 
explained by the formation of these hydrocarbons from fatty acids of animal origin 
through their decarboxylation (for example, palmitic and stearic acids are converted 
into pentadecane and heptadecane, respectively): 

 
С15Н31СООН  С15Н32 + СО2 
С17Н35СООН  С17Н36 + СО2 

 
Usually, the content of alkanes in oils ranges from 20 to 50%. Some oils, so-

called low-paraffin or non-paraffin, contain no more than 1-2% of these 
hydrocarbons, others can contain up to 80% of alkanes, and they are called paraffinic 
oils. 

Methane CH4 is the simplest hydrocarbon, a colorless, odorless gas. Slightly 
soluble in water, lighter than air. When used in households and industry, an odorant 
with a specific "gas smell" is usually added to methane. Enrichment with odorants is 
done in order for a person to notice a gas leak in time. 
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As a result of the reaction of methane with water vapor, which flows over a 
Ni/Al2O3 catalyst at 800 – 900 °C or without a catalyst at 1400 – 1600 °C, the 
resulting synthesis gas can be used for the synthesis of methanol, hydrocarbons, 
acetic acid, acetaldehyde and other products. 

Methane is explosive at a concentration in the air of 5 % to 15 %. 
Methane is the main component of natural (77 – 99 %), associated petroleum 

(31 – 90 %), mine and swamp gases (hence the other names of methane - swamp or 
mine gas). 

The MPC of methane in the air of the working area is 7000 mg/m3. 
 
Ethane С2Н6, propane С3Н8, butane С4Н10 - colorless gases (n.u.), odorless. 

Propane and butane are easily liquefied, which allows you to use them in everyday 
life as fuel (cylinder liquefied gas). Like methane, they are widely used in the 
chemical industry as a raw material for the production of ethylene, propylene, 
butadiene and other substances of important practical importance. 
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during the approach and attachment of the water molecule. This can happen in two 
ways: by restructuring the structure of the resulting molecule, or by its reaction with 
some reagent. 

In our case, the structure of the molecule is rearranged. The diagram shows the 
redistribution of the electron density of O-H, C-O, C=C bonds. This is explained by 
the fact that oxygen is an electronegative element that attracts the electron density 
(the overlapping zone of electron clouds) of bonds formed with it. Therefore, a partial 
negative charge appears on oxygen, and a positive charge on other elements. The δ+ 
mark shows that the element has insufficient electron density. 

In our case, oxygen attracts the electron density of the O-H bond and the C-O 
bond, as a result of which hydrogen acquires increased mobility, and a δ+ charge is 
formed on carbon. This positive charge can be compensated by a shift in the electron 
density of the C=C double bond, but this shift leads to the destruction of the second 
π-bond and the formation of uncompensated electrons on the two carbon atoms. 
These electrons cannot combine again into a π-bond, because part of the energy has 
already been spent during the breaking of this π-bond. Therefore, the only way out is 
to detach hydrogen from the OH group and attach it to another carbon atom. After 
hydrogen removal, there are uncompensated electrons on carbon and oxygen, which 
can combine to form a new π bond between carbon and oxygen. Thus, an aldehyde is 
formed from an unsaturated alcohol. 

The processes of shifting the electron density of ОН, С-О, С=С bonds are 
shown in the figure: 

 
Overlapping zones of electron clouds of σ-bonds in the carbon chain 

 
Non-polar C–C bond: cloud overlap zone in 

the middle 
The electron density of the С–О bond (cloud 

overlap zone) shifts toward electronegative 
oxygen; a partial positive charge δ+ is formed on 
carbon. 

The electron density of the О–Н bond 
(cloud overlapping zone) shifts toward 
electronegative oxygen, and hydrogen acquires 
increased mobility. 
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11. Oxidation reactions. Acetylene hydrocarbons are easily oxidized with partial or 
complete cleavage of the molecule by the triple bond (for example, under the action 
of KMnO4 in a neutral environment): 
 

3CH≡CH + 8KMnO4 → 3K2C2O4 + 8MnO2 + 2KOH + 2H2O 
                                                               potassium oxalate 
 
                                                             [O], H2O 

R–C≡C–R’                   R–COOH + R’–COOH 
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Lecture	6.		
ALKADIENES	(DIOLEFINS)	

	
Alkadienes	are	hydrocarbons	that	contain	two	double	bonds	in	the	

hydrocarbon	chain.	
According	to	the	systematic	nomenclature,	diene	hydrocarbons	are	called	

the	same	as	ethylene	hydrocarbons,	replacing	the	suffix	‐ene	with	‐diene	(two	
double	bonds).	The	position	of	each	double	bond	is	indicated	by	a	number.	
Numbering	is	done	so	that	these	numbers	have	a	smaller	serial	number.	

	
They	distinguish:	

‐	 alkadienes	with	 isolated	bonds,	 that	 is,	 those	 that	 are	 located	 far	 from	 each	
other	(through	2	or	more	σ‐bonds)	

	
H3C–CH=CH–CH2–	CH2–	CH=CH–CH3	

																																																				octadiene‐2,6	
‐	alkadienes,	in	the	structure	of	which	one	carbon	atom	forms	two	double	

bonds	(cumulative):	
	

H3C–CH2–	CH=	C=CH–CH3	
hexadiene	–	3,4	

	
‐	 alkadienes,	 in	 which	 double	 bonds	 are	 located	 through	 one	 σ‐bond	

(conjugate	or	conjugated	bonds):	
	

C2H=CH–CH=CH2	
																																																							butadiene‐1,3	
																																																								divine	
	
Divinyl	 is	 a	 very	 important	 substance	 for	 industry,	 therefore,	 the	

information	on	the	production	methods	and	chemical	properties	of	divinyl	and	
its	homologue,	isoprene,	is	considered	below.	

Double	bonds	 are	 formed	 from	 one	 σ‐bond	 and	 π‐bond,	 as	was	 already	
discussed	 in	 the	 lecture	 "Olefins".	 A	 feature	 of	 the	 structure	 of	 conjugated	
alkadienes	is	the	presence	of	a	number	of	bonds:	π‐σ‐π.	(=СH‐СН=..)	Considering	
that	the	π‐bond	is	formed	as	a	result	of	the	lateral	overlap	of	non‐hybrid	clouds	
(large,	bulky),	a	partial	overlap	of	 these	 clouds	 (albeit	very	weak)	over	 the	 σ‐
bond	 is	observed.	In	this	way,	the	so‐called	π‐conjugation	of	electron	clouds	 in	
divinyl	is	formed	(Fig.).	

	
The	presence	of	 π‐conjugation	 in	 the	molecule	of	 conjugated	 alkadienes	

ensures	 not	 only	 the	 stability	 of	 their	 structure,	 but	 also	 increased	 chemical	
activity:	in	the	case	of	the	approach	of	an	electronegative	reagent,	the	alkadiene	
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СН2=CH–CH=CH2				+		2Н					→			CH3–CH=CH–CH3		
	 	 	 	 	 	 butene‐2	 	 	 	 					
																																																			Ni	
СН2=CH–CH=CH2				+		2Н2		→		СН3–CH2–CH2–CH3			
	 	 	 	 	 	 n‐butane	
			 	 	 	 					Ni	
СН2=CH–CH=CH2				+		Н2			→		СН3–CH2–CH=CH2				
	 	 	 	 	 	 butene‐1	
2.	Diene	syntheses	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

1. Polymerization	reactions	
	

                                1        2      3       4             1         2      3      4  
СН2=CH–CH=CH2				+		СН2=CH–CH=CH2				+…..+		→	

	
                                                1        2      3       4       1         2      3      4  

→	…	–СН2–CH=CH–CH2–СН2–CH=CH–CH2–	…	
	
Individual	representatives	
	
Butadiene‐1,3	 (divinyl)	 СН2=СН‐СН=СН2	 is	 a	 colorless	 gas	 with	 a	
characteristic	unpleasant	 smell.	 It	 is	one	of	 the	most	 important	monomers	 for	
the	 production	 of	 synthetic	 rubbers	 and	 latexes,	 plastics	 and	 other	 organic	
compounds.	
	
2‐Methylbutadiene‐1,3	(isoprene)	 is	a	colorless	 liquid	with	a	boiling	point	=	
34.10	 oC.	 It	 is	 the	main	 structural	 unit	 of	 natural	 (natural)	 rubber	 and	 other	
compounds.	It	serves	as	a	monomer	for	obtaining	synthetic	rubber.	
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Lecture 7. 
ALICYCLIC CARBOHYDRATES 

 
 
Alicyclic compounds are hydrocarbons, the molecules of which contain one or 

more cycles (rings) of a non-aromatic nature. In terms of properties, they are similar 
to the corresponding compounds of the aliphatic series. 

The term "alicyclic" means aliphatic cyclic hydrocarbons. But despite the great 
similarity between aliphatic and alicyclic compounds, there are some peculiarities in 
the behavior of the latter, which can be explained by the presence of a cyclic structure 
in them. 

Alicyclic compounds differ among themselves in the size of the cycle, the 
length and structure of the side chains, and their position. 

A simple alicycle is three-membered, but cycles with the number of carbon 
atoms up to 30 or more are known. 

Polyalicyclic compounds are distinguished by the mutual arrangement of 
cycles in the molecule. They are divided into spirane compounds, or spirals (I); 
compounds with condensed cycles ( I І ) and bridged ( III ): 

 
 
 
 
 
 
 
 
 
I II III 
 
 
, saturated alicyclic compounds (cycloalkanes) and unsaturated 

(cycloalkenes) containing one or more multiple bonds are distinguished . 
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PREPARATION OF CYCLOALKANES 
 
1. Lower cycles are synthesized from dihalogen derivatives.  

For example, the action of zinc dust in an alcoholic solution on 1,3-dichloropropane 
keeps cyclopropane: 

 
 
 
 
 
 
 
 
 
2. 1,4-Dibromobutane and 1,5-dibromopentane in dioxane (or tetrahydrofuran) 

in  
the presence of lithium amalgam form cyclobutane and cyclopentane, respectively 
(Conner, Wilson, 1967): 
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2. Cycloalkanes with five or more carbon atoms in the ring are characterized 

by the usual substitution reactions: 
 
 
 
 
 
 
 
 
 
3. Cycloalkanes are relatively easily oxidized, forming dibasic carboxylic acids 

with the same number of carbon atoms: 
 
 
 
 
 
 

4. Cycloalkanes are able to isomerize with  
ring expansion or contraction, for example: 

 
 
 
 
 
 
 
 
 
 
 

циклобутанол                     циклопропілметанол     
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INDIVIDUAL REPRESENTATIVES OF CYCLOALKANS 
 
Cyclopropane СзН 6 is a gaseous substance with a boiling point of -34 °С. It is 

used as an anesthetic.  
Cyclohexane C 6 H 12 is a liquid with a boiling point of 81 °C. It is used as a 

solvent. Cyclohexane and its homologues, which are called hydroaromatic 
hydrocarbons, can be transformed into aromatic compounds at high temperature in 
the presence of catalysts (N.D. Zelinsky, 1911): 

 
 

 
 
 
 
 
The cyclopropane ring is noted in lactobacillus acid (lipoid fraction of 

Lactobacillus arabinosus), chrysanthemum acid (pyrethrin - the active principle of the 
Dalmatian powder insecticide isolated from Dalmatian chamomile Chrysanthemum 
cinerarifolium): 

 
 
 
 
 
 
 
 
 
 
The isomeric truxic and truxylic acids are formed during the hydrolysis  

of cocaine-associated alkaloids from Coca leaves: 
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are used for the names of some homologues of benzene : vinylbenzene is 
called styrene, methylbenzene, toluene, dimethylbenzene - xylene, 
isopropylbenzene - cumene, etc. 

Aromatic radicals have the general name of aryl (Ar). The C 6 H 5 radical is 
called phenyl, C 6 H 5 -CH 2 - benzyl, C 6 H 5 -CH = - benzylidene, C 6 H 4 = - 
phenylene. 
 

ACQUISITION OF ARENA 
The main natural sources of aromatic hydrocarbons are coal and oil. 
Homologs of benzene can be obtained synthetically. 
 

1. Production from hard coal. During the dry distillation of hard coal (at 
1000-1200 °C), several products are formed: coke gas, coke, ammonia water 
and coal tar (tar). 

Coke gas is a mixture of gaseous products, when passing through the 
absorber system, tar, ammonia and light oil vapors can be released. This oil 
contains about 60% benzene, toluene and other hydrocarbons. 

Currently, up to 90% of all benzene obtained is extracted from light oil (the 
rest from coal tar during its fractionation). 

Coke is a solid porous mass. It is used as a reducing agent in the extraction 
of metals from ores in the metallurgical industry. 

Coal tar is formed in small amounts (up to 3%).  
About 120 different chemical products can be isolated from it, such as phenol, 
naphthalene, anthracene, pyridine, thiophene and many others. During the 
distillation of coal tar, the following fractions are separated: 

a) light oil (when heated to 170ºC) mainly from aromatic hydrocarbons 
(benzene, toluene, xylenes, etc.); 

b) medium oil (170–230ºC) – contains phenols, naphthalene and pyridine 
bases; 

c) heavy oil (230–270ºC). Cresols, xylenols, naphthalene, quinoline are 
isolated from this fraction; 

d) anthracene oil (270-340 ºC) consists of anthracene, phenanthrene and 
other polynuclear hydrocarbons. 

After distillation of these fractions, a solid mass remains - peck. 
This residue is used for the preparation of varnishes (on wood and metal) 

and as an impregnation material for sleepers, wooden structures, for underground 
structures (foundations, piles, etc.) to give them anti-rot properties. It is used as a 
roofing material. 

2. Production from oil Another source of production of aromatic 
hydrocarbons is oil. Some oils contain up to 60% aromatic hydrocarbons, which 
are isolated by simple distillation or pyrolysis, as well as by catalytic cracking. 

 
3. Aromatization of paraffins  
 



 
 
 
 
 
 
 
 
4. P
 
 
 
 
 
 
5. P
 
 
 
 
 
 
 
6. W
The 
thro
reac
 
 
 
 
 
 
 
7. F
 
 
 
 
 
 
 
8. R
 

б

 

roduction

roduction

Wurtz-Fitt
reaction 

ugh the st
ction produ

riedel-Cr

Reduction 

бромбенз

n from ac

n from ali

tig reactio
is similar
tage of fo
ucts can b

rafts react

of ketone

зен 

cetylene  

icyclic hy

on 
r to the W
ormation o
e relativel

tion: 

es (Cleme

ydrocarbo

Wurtz synth
of organom
ly easily d

ens metho

е

49 

ons 

hesis in th
metallic c
divided: 

od) 

етилбензе

he aliphat
ompound

ен 

tic series. 
s, but in t

It also go
this case t

oes 
the 



 
 
 
 
 
9. Sy
 

 

 
1. R
 
I. _ 
 
 
 
 
 
 
II . F
 
 
 
 
 
III .

 
 
 
 
 
 
 
 
 
 

1

 

ynthesis f

Reactions 

Formatio

Formatio

. 

1) Haloge

from salts

of electro

on of π -co

on of σ -co

enation re

s of arom

CHEM

ophilic sub

omplex:  

omplex:  

eaction  

atic acids

MICAL P

bstitution

50 

s 

PROPERT

n in the ar

TIES 

romatic n

 
 
 
 
 

ucleus : 

Sp
pro

litting of 
oton:  

a 



 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
2

 
The 
the i

 
 
 

3

             б

 

2) Nitrati

attacking
interaction

3) Sulfati

ензен       

ion 

g electroph
n of nitric 

on  

               

hilic partic
and sulfu

            ні

cle is the n
uric acids: 

ітробензе

51 

nitroyl cat

ен              

 
 
 
 
 
 
 
 

 
 
 
 

ion NO 2 
+

   
 
 

+ , which iis formed 

 
 
 
 
 

by 



 
 
 
 
 
 
 
 
 
Desu
 

 
4

 

 

 
 
 
 
2. A
 
Arom
but t
 
 
Hyd

гек

 

ulfation 

4) Alkylat

Addition r

matic com
they do ex

drogenatio

саметилб

бензен    

tion (acco

reactions 

mpounds h
xist. These

on  

бензен      

                

ording to 

hardly und
e include: 

              к

               

the Fried

dergo addit
hydrogen

катіон (ки

      бензе

52 

del-Crafts
 
 

tion reacti
nation, add

 

ислота)    

енсульфок

 
 
 
 

s method)

 
 
 
 
 

ions. Such
dition of h

                

кислота 

)  

h reactions
alogens, c

 основа 

 
 
 
 
 
 

s are few, 
chlorinatioon. 



53 
 

 
 
 
 
 
 
Oxidation 

 
 
 
 
 
 
 
 

 
 
 
 
Halogenation 
                                                                
 
 
 
 
 
 
hexachlorocyclohexane 
(hexachlorane) 

 
 

CONCEPT OF THE ORIENTATIVE INFLUENCE OF BENZENE RING 
SUBSTITUENTS 

 
at least one substituent in the benzene ring , then a violation of the 

uniform distribution of the π-electron density is inevitable . As a result, the 
benzene ring becomes partially polarized, which determines the entry of the 
attacking reagent into one or another position. 

Thus, the reactivity of the carbon atoms of the benzene ring depends not 
only on the nature of the attacking reagent, but also on the nature and 
position of the substituent, which is located in the nucleus and orients the 
introduction of a new substituent to a certain position of the benzene ring. 
 

    циклогексан 

  малеїновий                  малеїнова  
   ангідрид                       кислота 
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According to the effect on the reactivity of the benzene ring, all substituents 
are divided into two groups: 

1. Deputies (orientants) of the first kind: ОН, OR , OCOR , SH , NH 2, 
NHR , AIk , HaI . These substituents shift the electron density toward the ring, 
i.e., have electron-donating properties. Facilitating the entry of electrophilic 
reagents into the benzene ring, they orient the new substituent in the ortho- 
and para-positions. Such substituents are called ortho- and para-orientants. Under 
the action of nucleophilic reagents, the substitution reaction proceeds with 
difficulty, and the reagent becomes in the meta position. 

2. Substituents (orientants) of the second kind: NO 2 , SO 3 H , C ≡ N , 
COR , COOH , COOR , CCl 3 . These substituents shift the electron density away 
from the benzene ring, i.e. have electron acceptor properties. They deactivate the 
benzene ring, making it difficult for electrophilic reagents to enter and orienting 
the next substituent in meta-positions (meta-orientants). At the same time, 
substituents of the second kind facilitate reactions with nucleophilic reagents, 
promoting in this case ortho- and para-orientation. 

 
Example: 

1. Deputy of the first kind, reagent - electrophilic:  
                                   
 
 
 
 
 
 
 
 
 
2. Substitute of the second kind, reagent - electrophilic:  
 
 
 
 
 
 
 
 
 
 
3. Substitute of the second kind, reactant - nucleophilic:  
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Individual representatives 
 

Benzene C 6 H 6 is a light colorless liquid with a specific smell, sparingly 
soluble in water (it forms an azeotropic mixture with it). Benzene is a raw material 
for the production of various chemical products: nitrobenzene, chlorobenzene, 
aniline, phenol, styrene, etc. 

Toluene (methylbenzene) C 6 H 5 -CHz is a colorless liquid, lighter 
water It is used for the production of dyes, drugs and explosives (Tol, TNT). 

Toluene is used as a starting product in the production of synthetic detergents, 
caprolactam. It is a good solvent. 

Xylenes (dimethylbenzenes) C 6 H 4 (CH3) 2 . 
Technical xylene is a mixture of three isomers (o-, m- and n-). It is used as a 

solvent. The division of technical xylene into individual isomers is associated with 
certain difficulties: their boiling points differ by a small amount. o-Xylene is used 
to obtain phthalic anhydride; m-xylene - for the synthesis of terephthalic acid, 
which is the raw material for the production of synthetic fiber - Mylar. 

Ethylbenzene C 6 H 5 -C 2 H 5 is a colorless liquid. It is used to obtain styrene. 
Isopropylbenzene (cumene) C b H 5 -CH(CH 3 ) 2 – Colorless liquid. Serves as 

a starting product for the simultaneous production of phenol and acetone. 
Vinylbenzene (styrene) C 6 H 5 -CH = CH 2 is a colorless liquid insoluble in 

water with a pleasant smell. Easily polymerized. It is mainly used to obtain 
polymer - polystyrene and butadiene styrene rubber. 
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