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ABSTRACT  

In this review study, methods of compounds synthesis, reactions , properties, stability, reactivity, catalysis in 

various reactions in most of organic reactions, edition and elimination reaction, reduction and oxidation compounds, 

products of reactions have been studied in detail.  
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INTRODUCTION 

Compounds in which a hydroxyl group is bonded to an aromatic ring are called phenols. The chemical behavior of 

phenols is different in some respects from that of the alcohols, so it is sensible to treat them as a similar but 

characteristically distinct group. A corresponding difference in reactivity was observed in comparing aryl halides, such as 

bromobenzene, with alkyl halides, such as butyl bromide and tert-butyl chloride. Thus, nucleophilic substitution and 

elimination reactions were common for alkyl halides, but rare with aryl halides. This distinction carries over when 

comparing alcohols and phenols, so for all practical purposes substitution and/or elimination of the phenolic hydroxyl 

group does not occur. 

Phenol 

 

Figure 1 

Besides serving as the generic name for the entire family, the term phenol is also the specific name for its simplest 

member, monohydroxybenzene (C6H5OH), also known as benzenol, or carbolic acid. Phenols are similar to alcohols but 

form stronger hydrogen bonds. Thus, they are more soluble in water than are alcohols and have higher boiling points. 

Phenols occur either as colourless liquids or white solids at room temperature and may be highly toxic and caustic. 

Phenols are widely used in household products and as intermediates for industrial synthesis. For example, phenol 

itself is used (in low concentrations) as a disinfectant in household cleaners and in mouthwash. Phenol may have been the 
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first surgical antiseptic. In 1865 the British surgeon Joseph Lister used phenol as an antiseptic to sterilize his operating 

field. With phenol used in this manner, the mortality rate from surgical amputations fell from 45 to 15 percent in Lister’s 

ward. Phenol is quite toxic, however, and concentrated solutions cause severe but painless burns of the skin and mucous 

membranes. Less-toxic phenols, such as n-hexylresorcinol, have supplanted phenol itself in cough drops and other 

antiseptic applications. Butylated hydroxytoluene (BHT) has a much lower toxicity and is a common antioxidant in foods. 

In industry, phenol is used as a starting material to make plastics, explosives such as picric acid, anddrugs such 

as aspirin. The common phenol hydroquinone is the component of photographic developer that reduces exposed silver 

bromide crystals to black metallic silver. Other substituted phenols are used in the dye industry to make intensely 

coloured azo dyes. Mixtures of phenols (especially thecresols) are used as components in wood preservatives such 

as creosote. 

Phenols are common in nature; examples include tyrosine, one of the standard amino acids found in 

most proteins; epinephrine (adrenaline), a stimulant hormone produced by the adrenal medulla; serotonin, 

aneurotransmitter in the brain; and urushiol, an irritant secreted by poison ivy to prevent animals from eating its leaves. 

Many of the more complex phenols used as flavourings and aromas are obtained from essential oilsof plants. For 

example, vanillin, the principal flavouring in vanilla, is isolated from vanilla beans, and methyl salicylate, which has a 

characteristic minty taste and odour, is isolated from wintergreen. Other phenols obtained from plants include thymol, 

isolated from thyme, and eugenol, isolated from cloves. 

 

Figure 2 

Phenol, the cresols (methylphenols), and other simple alkylated phenols can be obtained from 

thedistillation of coal tar or crude petroleum. 

Nomenclature of phenols 

Many phenolic compounds were discovered and used long before chemists were able to determine their 

structures. Therefore, trivial names (i.e., vanillin, salicylic acid, pyrocatechol, resorcinol, cresol,hydroquinone, and 

eugenol) are often used for the most common phenolic compounds. 
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Figure 3 

Systematic names are more useful, however, because a systematic name specifies the actual structure of the 

compound. If the hydroxyl group is the principal functional group of a phenol, the compound can be named as a substituted 

phenol, with carbon atom 1 bearing the hydroxyl group. For example, the systematic name for thymol is 5-methyl-2-

isopropylphenol. Phenols with only one other substituent can be named using either the appropriate numbers or 

the ortho (1,2), meta (1,3), and para (1,4) system. Compounds with other principal functional groups can be named with 

the hydroxyl group as a hydroxy substituent. For example, the systematic name for vanillin is 4-hydroxy-3-

methoxybenzaldehyde. 

Physical Properties of Phenols 

Similar to alcohols, phenols have hydroxyl groups that can participate in intermolecular hydrogen bonding; in 

fact, phenols tend to form stronger hydrogen bonds than alcohols. (See chemical bonding: Intermolecular forces for more 

information about hydrogen bonding.) Hydrogen bonding results in higher melting points and much higher boiling 

points for phenols than for hydrocarbons with similar molecular weights. For example, phenol (molecular weight [MW] 

94, boiling point [bp] 182 °C [359.6 °F]) has a boiling point more than 70 degrees higher than that of toluene (C6H5CH3; 

MW 92, bp 111 °C [231.8 °F]). 

The ability of phenols to form strong hydrogen bonds also enhances their solubility in water. Phenol dissolves to 

give a 9.3 percent solution in water, compared with a 3.6 percent solution for cyclohexanol in water. The association 

between water and phenol is unusually strong; when crystalline phenol is left out in a humid environment, it picks up 

enough water from the air to form liquid droplets. 

Table 1: Physical Properties of Phenols 

Common Name Systematic Name Mp (°C) 

phenol benzenol 43 

o-cresol 2-methylbenzenol 31 

m-cresol 3-methylbenzenol 11 

p-cresol 4-methylbenzenol 35 

pyrocatechol benzene-1,2-diol 105 

resorcinol benzene-1,3-diol 111 

hydroquinone benzene-1,4-diol 171 

n-hexylresorcinol 4-hexylresorcinol 69 

methyl salicylate 
methyl 2-
hydroxybenzoate 

−9 
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Table 1 – Cond., 

vanillin 
4-hydroxy-3-
methoxybenzaldehyde 

81 

eugenol 
4-allyl-2-
methoxyphenol 

−9 

thymol 
5-methyl-2-
isopropylphenol 

51 

picric acid 2,4,6-trinitrophenol 122 

o-bromophenol 2-bromophenol 5 

p-hydroxybenzoic acid 
4-hydroxybenzoic 
acid 

214 

Common Name Bp (°C) 
Solubility 

(Grams/100 
Grams Water) 

phenol 182 9.3 

o-cresol 191 2.5 

m-cresol 202 2.6 

p-cresol 202 2.3 

pyrocatechol 245 30 

resorcinol 280 52 

hydroquinone 286 6.7 

n-hexylresorcinol 334 0.05 

methyl salicylate 223 0.7 

vanillin 285 1.0 

eugenol 255 
 

thymol 233 0.1 

picric acid  
1.4 

o-bromophenol 194 
 

p-hydroxybenzoic acid  
8 

 

Synthesis of Phenols 

Most of the phenol used today is produced from benzene, through either hydrolysis of chlorobenzeneor oxidation 

of isopropylbenzene (cumene). 

Hydrolysis of Chlorobenzene (The Dow Process) 

Benzene is easily converted to chlorobenzene by a variety of methods, one of which is the Dow process. 

Chlorobenzene is hydrolyzed by a strong base at high temperatures to give a phenoxide salt, which is acidified to phenol. 
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Figure 4 

Oxidation of Isopropylbenzene 

Benzene is converted to isopropylbenzene (cumene) by treatment with propylene and an acidiccatalyst. Oxidation 

yields a hydroperoxide (cumene hydroperoxide), which undergoes acid-catalyzed rearrangement to phenol and acetone. 

Although this process seems more complicated than the Dow process, it is advantageous because it produces two valuable 

industrial products: phenol and acetone. 

 

Figure 5 

General Synthesis of Phenols 

To make more-complicated phenolic compounds, a more general synthesis is needed. The cumene hydroperoxide 

reaction is fairly specific to phenol itself. The Dow process is somewhat more general, but the stringent conditions required 

often lead to low yields, and they may destroy any otherfunctional groups on the molecule. A milder, more general reaction 

is the diazotization of an arylamine(a derivative of aniline, C6H5NH2) to give a diazonium salt, which hydrolyzes to a 

phenol. Most functional groups can survive this technique, as long as they are stable in the presence of dilute acid. 

Reactions of Phenols 

Much of the chemistry of phenols is like that of alcohols. For example, phenols react with acids to giveesters, and 

phenoxide ions (ArO−) can be good nucleophiles in Williamson ether synthesis. 

Acidity of Phenols 

Although phenols are often considered simply as aromatic alcohols, they do have somewhat different properties. 

The most obvious difference is the enhanced acidity of phenols. Phenols are not as acidic ascarboxylic acids, but they are 
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much more acidic than aliphatic alcohols, and they are more acidic than water. Unlike simple alcohols, most phenols are 

completely deprotonated by sodium hydroxide (NaOH). 

Oxidation 

Like other alcohols, phenols undergo oxidation, but they give different types of products from those seen with 

aliphatic alcohols. For example, chromic acid oxidizes most phenols to conjugated 1,4-diketones called quinones. In the 

presence of oxygen in the air, many phenols slowly oxidize to give dark mixtures containing quinones. 

Hydroquinone (1,4-benzenediol) is a particularly easy compound to oxidize, because it has two hydroxyl groups 

in the proper relationship to give up hydrogen atoms to form a quinone. Hydroquinone is used in developing photographic 

film by reducing activated (exposed to light) silver bromide (AgBr) to black metallic silver (Ag↓). Unexposed grains of 

silver bromide react more slowly than the exposed grains. 

Electrophilic Aromatic Substitution 

Phenols are highly reactive toward electrophilic aromatic substitution, because the nonbondingelectrons on 

oxygen stabilize the intermediate cation. This stabilization is most effective for attack at the ortho or para position of the 

ring; therefore, the hydroxyl group of a phenol is considered to be activating (i.e., its presence causes the aromatic ring to 

be more reactive than benzene) and ortho- orpara-directing. 

 

Figure 6 

Picric acid (2,4,6-trinitrophenol) is an important explosive that was used in World War I. An effective explosive 

needs a high proportion of oxidizing groups such as nitro groups. Nitro groups are strongly deactivating (i.e., make the 

aromatic ring less reactive), however, and it is often difficult to add a second or third nitro group to an aromatic compound. 

Three nitro groups are more easily substituted onto phenol, because the strong activation of the hydroxyl group helps to 

counteract the deactivation of the first and second nitro groups. 

Phenoxide ions, generated by treating a phenol with sodium hydroxide, are so strongly activated that they undergo 

electrophilic aromatic substitution even with very weak electrophiles such as carbon dioxide (CO2). This reaction is used 

commercially to make salicylic acid for conversion to aspirin and methyl salicylate. 

Formation of Phenol Formaldehyde Resins 

Phenolic resins account for a large portion of phenol production. Under the trade name Bakelite, aphenol-

formaldehyde resin was one of the earliest plastics, invented by American industrial chemistLeo Baekeland and patented in 

1909. Phenol-formaldehyde resins are inexpensive, heat-resistant, and waterproof, though somewhat brittle. 

The polymerization of phenol with formaldehyde involves electrophilic aromatic substitution at 
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the ortho and para positions of phenol (probably somewhat randomly), followed by cross-linking of the polymeric chains. 

Acidity of Phenols 

On the other hand, substitution of the hydroxyl hydrogen atom is even more facile with phenols, which are 

roughly a million times more acidic than equivalent alcohols. This phenolic acidity is further enhanced by electron-

withdrawing substituents ortho and para to the hydroxyl group, as displayed in the following diagram. The alcohol 

cyclohexanol is shown for reference at the top left. It is noteworthy that the influence of a nitro substituent is over ten times 

stronger in the para-location than it is meta, despite the fact that the latter position is closer to the hydroxyl group. 

Furthermore additional nitro groups have an additive influence if they are positioned in ortho or para locations. The trinitro 

compound shown at the lower right is a very strong acid called picric acid. 

 

Figure 7 

Why is phenol a much stronger acid than cyclohexanol? To answer this question we must evaluate the manner in 

which an oxygen substituent interacts with the benzene ring. As noted in our earlier treatment of electrophilic aromatic 

substitution reactions, an oxygen substituent enhances the reactivity of the ring and favors electrophile attack at ortho and 

para sites. It was proposed that resonance delocalization of an oxygen non-bonded electron pair into the pi-electron system 

of the aromatic ring was responsible for this substituent effect. Formulas illustrating this electron delocalization will be 

displayed when the "Resonance Structures" button beneath the previous diagram is clicked. A similar set of resonance 

structures for the phenolate anion conjugate base appears below the phenol structures.  

 

Figure 8 

The resonance stabilization in these two cases is very different. An important principle of resonance is that charge 

separation diminishes the importance of canonical contributors to the resonance hybrid and reduces the overall 

stabilization. The contributing structures to the phenol hybrid all suffer charge separation, resulting in very modest 

stabilization of this compound. On the other hand, the phenolate anion is already charged, and the canonical contributors 

act to disperse the charge, resulting in a substantial stabilization of this species. The conjugate bases of simple alcohols are 

not stabilized by charge delocalization, so the acidity of these compounds is similar to that of water. An energy diagram 

showing the effect of resonance on cyclohexanol and phenol acidities is shown on the right. Since the resonance 
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stabilization of the phenolate conjugate base is much greater than the stabilization of phenol itself, the acidity of phenol 

relative to cyclohexanol is increased. Supporting evidence that the phenolate negative charge is delocalized on the ortho 

and para carbons of the benzene ring comes from the influence of electron-withdrawing substituents at those sites. The 

additional resonance stabilization provided by ortho and para nitro substituents will be displayed by clicking the 

"Resonance Structures" button a second time. You may cycle through these illustrations by repeated clicking of the button.  

Substitution of the Hydroxyl Hydrogen 

As with the alcohols, the phenolic hydroxyl hydrogen is rather easily replaced by other substituents. For example, 

phenol reacts easily with acetic anhydride to give phenyl acetate. Likewise, the phenolate anion is an effective nucleophile 

in SN2 reactions, as in the second example below.  

C6H5–OH  + (CH3CO)2O   C6H5–O–COCH3  + CH3CO2H  

C6H5–O(–) Na(+)  + CH3CH2CH3–Br   C6H5–O–CH2CH2CH3  + NaBr 

Electrophilic Substitution of the Phenol Aromatic Ring 

The facility with which the aromatic ring of phenols and phenol ethers undergoes electrophilic substitution has 

been noted. Two examples are shown in the following diagram. The first shows the Friedel-Crafts synthesis of the food 

preservative BHT from para-cresol. The second reaction is interesting in that it further demonstrates the delocalization of 

charge that occurs in the phenolate anion. Carbon dioxide is a weak electrophile and normally does not react with aromatic 

compounds; however, the negative charge concentration on the phenolate ring enables the carboxylation reaction shown in 

the second step. The sodium salt of salicylic acid is the major product, and the preference for ortho substitution may reflect 

the influence of the sodium cation. This is called the Kolbe-Schmidt reaction, and it has served in the preparation of 

aspirin, as the last step illustrates. 

 

Figure 9 



Review on Ethers and Phenol Compounds                                                                                                                                                                       127 

 
editor@tjprc.org                                                                                                                                               www.tjprc.org 

 

Figure 10 

Oxidation of Phenols 

Phenols are rather easily oxidized despite the absence of a hydrogen atom on the hydroxyl bearing carbon. Among 

the colored products from the oxidation of phenol by chromic acid is the dicarbonyl compound para-benzoquinone (also 

known as 1,4-benzoquinone or simply quinone); an ortho isomer is also known. These compounds are easily reduced to 

their dihydroxybenzene analogs, and it is from these compounds that quinones are best prepared. Note that meta-quinones 

having similar structures do not exist. The redox equilibria between the dihydroxybenzenes hydroquinone and catechol and 

their quinone oxidation states are so facile that milder oxidants than chromate (Jones reagent) are generally preferred. One 

such oxidant is Fremy's salt, shown on the right. Reducing agents other than stannous chloride (e.g. NaBH4) may be used 

for the reverse reaction.The position of the quinone-hydroquinone redox equilibrium is proportional to the square of the 

hydrogen ion concentration, as shown by the following half-reactions (electrons are colored blue). The electrode potential 

for this interconversion may therefore be used to measure the pH of solutions. 

Quinone  +  2H(+)2e(–)  –2e(–)Hydroquinone  

Although chromic acid oxidation of phenols having an unsubstitutedpara-position gives some p-quinone product, 

the reaction is complex and is not synthetically useful. It has been found that salcomine, a cobalt complex, binds oxygen 

reversibly in solution, and catalyzes the oxidation of various substituted phenols to the corresponding p-quinones. The 

structure of salcomine and an example of this reaction are shown in the following equation. The solvent of choice for these 

oxidations is usually methanol or dimethylformamide (DMF).  

 

Figure 11: The Chemistry of Ethers 

Nomenclature 

Ethers are compounds having two alkyl or aryl groups bonded to an oxygen atom, as in the formula R1–O–R2. The 

ether functional group does not have a characteristic IUPAC nomenclature suffix, so it is necessary to designate it as a 

substituent. To do so the common alkoxy substituents are given names derived from their alkyl component, as shown in the 
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table on the right below. Examples of ether nomenclature are provided on the left. Simple ethers are given common names 

in which the alkyl groups bonded to the oxygen are named in alphabetical order followed by the word "ether". The top left 

example shows the common name in blue under the IUPAC name. Many simple ethers are symmetrical, in that the two 

alkyl substituents are the same. These are named as "dialkyl ethers". Examples are: CH3CH2OCH2CH3, diethyl ether 

(sometimes referred to as ether), and CH3OCH2CH2OCH3, ethylene glycol dimethyl ether (glyme). 

Table 2 

Alkyl Group Name Alkoxy Group Name 
CH3– Methyl CH3O– Methoxy 
CH3CH2– Ethyl CH3CH2O– Ethoxy 
(CH3)2CH– Isopropyl (CH3)2CHO– Isopropoxy 
(CH3)3C– tert-Butyl (CH3)3CO– tert-Butoxy 
C6H5– Phenyl C6H5O– Phenoxy 

 

Sulfur analogs of ethers (R–S–R') are called sulfides. For example, (CH3)3C–S–CH3 is tert-butyl methyl sulfide. 

Sulfides are chemically more reactive than ethers, reflecting the greater nucleophilicity of sulfur relative to oxygen. 

Preparation of Ethers 

Ethers are usually prepared from alcohols or their conjugate bases. One important procedure, known as the 

Williamson Ether Synthesis, proceeds by an SN2 reaction of an alkoxide nucleophile with an alkyl halide. Reactions #1 and 

#2 below are two examples of this procedure. When applied to an unsymmetrical ether, as in this case, there are two 

different combinations of reactants are possible. Of these one is usually better than the other. Since alkoxide anions are 

strong bases, the possibility of a competing E2 elimination must always be considered. Bearing in mind the factors that 

favor substitution over elimination, a 1º-alkyl halide should be selected as a preferred reactant whenever possible. Thus, 

reaction #1 gives a better and cleaner yield of benzyl isopropyl ether than does reaction #2, which generates considerable 

elimination product. 

 

Figure 12 

A second general ether synthesis, alkoxymercuration, is patterned after the oxymercuration reaction. Reactions #3 

and #4 are examples of this two-step procedure. Note that the alcohol reactant is used as the solvent, and a trifluoroacetate 

mercury (II) salt is used in preference to the acetate (trifluoroacetate anion is a poorer nucleophile than acetate). The 

mechanism of alkoxymercuration is similar to that of oxymercuration, with an initial anti-addition of the mercuric species 

and alcohol being followed by reductive demercuration. 

Acid-catalyzed dehydration of small 1º-alcohols constitutes a specialized method of preparing symmetrical ethers. As 
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shown in the following two equations, the success of this procedure depends on the temperature. At 110º to 130 ºC an SN2 

reaction of the alcohol conjugate acid leads to an ether product. At higher temperatures (over 150 ºC) an E2 elimination 

takes place. 

2 CH3CH2-OH  +  H2SO4130 ºC CH3CH2-O-CH2CH3  +  H2O 

CH3CH2-OH  +  H2SO4150 ºC CH2=CH2  +  H2O 

Reactions of Ethers 

Ethers are widely used as solvents for a variety of organic compounds and reactions, suggesting that they are 

relatively unreactive themselves. Indeed, with the exception of the alkanes, cycloalkanes and fluorocarbons, ethers are 

probably the least reactive, common class of organic compounds. The inert nature of the ethers relative to the alcohols is 

undoubtedly due to the absence of the reactive O–H bond.The most common reaction of ethers is cleavage of the C–O 

bond by strong acids. This may occur by SN1 or E1 mechanisms for 3º-alkyl groups or by an SN2 mechanism for 1º-alkyl 

groups. Some examples are shown in the following diagram. The conjugate acid of the ether is an intermediate in all these 

reactions, just as conjugate acids were intermediates in certain alcohol reactions.  

 

Figure 13 

The first two reactions proceed by a sequence of SN2 steps in which the iodide or bromide anion displaces an 

alcohol in the first step, and then converts the conjugate acid of that alcohol to an alkyl halide in the second. Since SN2 

reactions are favored at least hindered sites, the methyl group in example #1 is cleaved first. The 2º-alkyl group in example 

#3 is probably cleaved by an SN2 mechanism, but the SN1 alternative cannot be ruled out. The phenol formed in this 

reaction does not react further, since SN2, SN1 and E1 reactions do not take place on aromatic rings. The last example 

shows the cleavage of a 3º-alkyl group by a strong acid. Acids having poorly nucleophilic conjugate bases are often chosen 

for this purpose so that E1 products are favored. The reaction shown here (#4) is the reverse of the tert-butyl ether 

preparation described earlier.Ethers in which oxygen is bonded to 1º- and 2º-alkyl groups are subject to peroxide formation 

in the presence of air (gaseous oxygen). This reaction presents an additional hazard to the use of these flammable solvents, 

since peroxides decompose explosively when heated or struck. The mechanism of peroxide formation is believed to be free 

radical in nature (note that molecular oxygen has two unpaired electrons). 

R–O–CH(CH3)2  +  O2  R–O–C(CH3)2–O–O–H  a peroxide 
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THE CHEMISTRY OF EPOXIDES 

Reactions of Epoxides 

Epoxides (oxiranes) are three-membered cyclic ethers that are easily prepared from alkenes by reaction with 

peracids. Because of the large angle strain in this small ring, epoxides undergo acid and base-catalyzed C–O bond cleavage 

more easily than do larger ring ethers. Among the following examples, the first is unexceptional except for the fact that it 

occurs under milder conditions and more rapidly than other ether cleavages. The second and third examples clearly show 

the exceptional reactivity of epoxides, since unstrained ethers present in the same reactant or as solvent do not react. The 

aqueous acid used to work up the third reaction, following the Grignard reagent cleavage of the ethylene oxide, simply 

neutralizes the magnesium salt of the alcohol product. 

 

Figure 14 

 

Figure 15 

 

Figure 16 

Addition Reactions Involving Other Cyclic Onium Intermediates 

Sulfenyl chloride additions are initiated by the attack of an electrophilic sulfur species on the pi-electrons of the 

double bond. The resulting cationic intermediate may be stabilized by the non-bonding valence shell electrons on the sulfur 

in exactly the same way the halogens exerted their influence. Indeed, a cyclic sulfonium ion intermediate analogous to the 

bromonium ion is believed to best represent this intermediate (see drawing on the left).Two advantages of the 

oxymercuration method of adding water to a double bond are its high anti-stereoselectivity and the lack of rearrangement 

in sensitive cases. These characteristics are attributed to a mercurinium ion intermediate, analogous to the bromonium ion 
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discussed above. In this case it must be d-orbital electrons that are involved in bonding to carbon. A drawing of this 

intermediate is shown on the right. 

 

Hydroboration Stereoselectivity 

The hydroboration reaction is among the few simple addition reactions that proceed cleanly in a syn fashion. As 

noted above, this is a single-step reaction. Since the bonding of the double bond carbons to boron and hydrogen is 

concerted, it follows that the geometry of this addition must be syn. Furthermore, rearrangements are unlikely inasmuch as 

a discrete carbocation intermediate is never formed. These features are illustrated for the hydroboration of α-pinene in the 

following equation. Since the hydroboration procedure is most commonly used to hydrate alkenes in an anti-Markovnikov 

fashion, we also need to know the stereoselectivity of the second oxidation reaction, which substitutes a hydroxyl group for 

the boron atom. Independent study has shown this reaction takes place with retention of configuration so the overall 

addition of water is also syn. 

 

Figure 17 

The hydroboration of α-pinene also provides a nice example of steric hindrance control in a chemical reaction. In 

the less complex alkenes used in earlier examples the plane of the double bond was often a plane of symmetry, and 

addition reagents could approach with equal ease from either side. In this case, one of the methyl groups bonded to C-6 

(colored blue in the equation) covers one face of the double bond, blocking any approach from that side. All reagents that 

add to this double bond must therefore approach from the side opposite this methyl. 

Hydrogenation 

Addition of hydrogen to a carbon-carbon double bond is called hydrogenation. The overall effect of such an 

addition is the reductive removal of the double bond functional group. Regioselectivity is not an issue, since the same 

group (a hydrogen atom) is bonded to each of the double bond carbons. The simplest source of two hydrogen atoms is 

molecular hydrogen (H2), but mixing alkenes with hydrogen does not result in any discernible reaction. Although the 

overall hydrogenation reaction is exothermic, a high activation energy prevents it from taking place under normal 

conditions. This restriction may be circumvented by the use of a catalyst, as shown in the following diagram. 
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Figure 18 

Catalysts are substances that changes the rate (velocity) of a chemical reaction without being consumed or 

appearing as part of the product. Catalysts act by lowering the activation energy of reactions, but they do not change the 

relative potential energy of the reactants and products. Finely divided metals, such as platinum, palladium and nickel, are 

among the most widely used hydrogenation catalysts. Catalytic hydrogenation takes place in at least two stages, as 

depicted in the diagram. First, the alkene must be adsorbed on the surface of the catalyst along with some of the hydrogen. 

Next, two hydrogens shift from the metal surface to the carbons of the double bond, and the resulting saturated 

hydrocarbon, which is more weakly adsorbed, leaves the catalyst surface. The exact nature and timing of the last events is 

not well understood.As shown in the energy diagram, the hydrogenation of alkenes is exothermic, and heat is released 

corresponding to the ΔE (colored green) in the diagram. This heat of reaction can be used to evaluate the thermodynamic 

stability of alkenes having different numbers of alkyl substituents on the double bond. For example, the following table 

lists the heats of hydrogenation for three C5H10 alkenes which give the same alkane product (2-methylbutane). Since a 

large heat of reaction indicates a high energy reactant, these heats are inversely proportional to the stabilities of the alkene 

isomers. To a rough approximation, we see that each alkyl substituent on a double bond stabilizes this functional group by 

a bit more than 1 kcal/mole. 

Table 3: From the Mechanism Shown Here We Would Expect the Addition of Hydrogen to Occur 

Alkene 
Isomer 

(CH3)2CHCH=CH2 3-methyl-1-
butene 

CH2=C(CH3)CH2CH3 2-methyl-1-
butene 

(CH3)2C=CHCH3 2-methyl-2-
butene 

Heat of 
Reactio
n ( ΔHº 
) 

–30.3 kcal/mole –28.5 kcal/mole –26.9 kcal/mole 

 

Figure 19 

with syn-stereoselectivity. This is often true, but the hydrogenation catalysts may also cause isomerization of the 

double bond prior to hydrogen addition, in which case stereoselectivity may be uncertain. The formation of transition metal 

complexes with alkenes has been convincingly demonstrated by the isolation of stable platinum complexes such as Zeise's 

salt, K[PtCl3(C2H4)].H2O, and ethylenebis(triphenylphosphine)platinum, [(C6H5)3P]2Pt(H2C=CH2). In the latter, platinum is 

three-coordinate and zero-valent, whereas Zeise's salt is a derivative of platinum(II). A model of Zeise's salt and a 
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discussion of the unusual bonding in such complexes may be viewed by clicking here. Similar complexes have been 

reported for nickel and palladium, metals which also function as catalysts for alkene hydrogenation. A non-catalytic 

procedure for the syn-addition of hydrogen makes use of the unstable compound diimide, N2H2. This reagent must be 

freshly generated in the reaction system, usually by oxidation of hydrazine, and the strongly exothermic reaction is favored 

by the elimination of nitrogen gas (a very stable compound). Diimide may exist as cis-trans isomers; only the cis-isomer 

serves as a reducing agent. Examples of alkene reductions by both procedures are shown on the right. 

Oxidations 

Hydroxylation 

Dihydroxylated products (glycols) are obtained by reaction with aqueous potassium permanganate (pH > 8) or 

osmium tetroxide in pyridine solution. Both reactions appear to proceed by the same mechanism (shown below); the 

metallocyclic intermediate may be isolated in the osmium reaction. In basic solution the purple permanganate anion is 

reduced to the green manganate ion, providing a nice color test for the double bond functional group. From the mechanism 

shown here we would expect syn-stereoselectivity in the bonding to oxygen, and regioselectivity is not an issue.When 

viewed in context with the previously discussed addition reactions, the hydroxylation reaction might seem implausible. 

Permanganate and osmium tetroxide have similar configurations, in which the metal atom occupies the center of a 

tetrahedral grouping of negatively charged oxygen atoms. How, then, would such a species interact with the nucleophilic 

pi-electrons of a double bond? A possible explanation is that an empty d-orbital of the electrophilic metal atom extends 

well beyond the surrounding oxygen atoms and initiates electron transfer from the double bond to the metal, in much the 

same fashion noted above for platinum. Back-bonding of the nucleophilicoxygens to the antibonding π*-orbital completes 

this interaction. The result is formation of a metallocyclic intermediate, as shown below. 

 

Figure 20 

Epoxidation 

Some oxidation reactions of alkenes give cyclic ethers in which both carbons of a double bond become bonded to 

the same oxygen atom. These products are called epoxides or oxiranes. An important method for preparing epoxides is by 

reaction with peracids, RCO3H. The oxygen-oxygen bond of such peroxide derivatives is not only weak (ca. 35 kcal/mole), 

but in this case is polarized so that the acyloxy group is negative and the hydroxyl group is positive (recall that the acidity 

of water is about ten powers of ten weaker than that of a carboxylic acid). If we assume electrophilic character for the OH 

moiety, the following equation may be written. 
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Figure 21 

It is unlikely that a dipolar intermediate, as shown above, is actually formed. The epoxidation reaction is believed 

to occur in a single step with a transition state incorporating all of the bonding events shown in the equation. Consequently, 

epoxidations by peracids always have syn-stereoselectivity, and seldom give structural rearrangement. You may see the 

transition state by clicking the Change Equation button. Presumably the electron shifts indicated by the blue arrows induce 

a charge separation that is immediately neutralized by the green arrow electron shifts.The previous few reactions have been 

classified as reductions or oxidations, depending on the change in oxidation state of the functional carbons. It is important 

to remember that whenever an atom or group is reduced, some other atom or group is oxidized, and a balanced equation 

must balance the electron gain in the reduced species with the electron loss in the oxidized moiety, as well as numbers and 

kinds of atoms. Starting from an alkene (drawn in the box), the following diagram shows a hydrogenation reaction on the 

left (the catalyst is not shown) and an epoxidation reaction on the right. Examine these reactions, and for each identify 

which atoms are reduced and which are oxidized.Epoxides may be cleaved by aqueous acid to give glycols that are often 

diastereomeric with those prepared by the syn-hydroxylation reaction described above. Proton transfer from the acid 

catalyst generates the conjugate acid of the epoxide, which is attacked by nucleophiles such as water in the same way that 

the cyclic bromonium ion described above undergoes reaction. The result is anti-hydroxylation of the double bond, in 

contrast to the syn-stereoselectivity of the earlier method. In the following equation this procedure is illustrated for a cis-

disubstituted epoxide, which, of course, could be prepared from the corresponding cis-alkene. This hydration of an epoxide 

does not change the oxidation state of any atoms or groups. 

 

Figure 22 

Oxidative Cleavage Of Double Bonds 

OzonolysisIn determining the structural formula of an alkene, it is often necessary to find the location of the 

double bond within a given carbon framework. One way of accomplishing this would be to selectively break the double 

bond and mark the carbon atoms that originally formed that bond. For example, there are three isomeric alkenes that all 

give 2-methylbutane on catalytic hydrogenation. These are 2-methyl-2-butene (compound A), 3-methyl-1-butene 

(compound B) and 2-methyl-1-butene (compound C), shown in the following diagram. If the double bond is cleaved and 

the fragments marked at the cleavage sites, the location of the double bond is clearly determined for each case. A reaction 

that accomplishes this useful transformation is known. It is called ozonolysis, and its application to each of these examples 
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may be seen by clicking the "Show Reaction" button. 

 

Figure 23 

Ozone, O3, is an allotrope of oxygen that adds rapidly to carbon-carbon double bonds. Since the overall change in 

ozonolysis is more complex than a simple addition reaction, its mechanism has been extensively studied. Reactive 

intermediates called ozonides have been isolated from the interaction of ozone with alkenes, and these unstable compounds 

may be converted to stable products by either a reductive workup (Zn dust in water or alcohol) or an oxidative workup 

(hydrogen peroxide). The results of an oxidative workup may be seen by clicking the "Show Reaction" button a second 

time. Continued clicking of this button repeats the cycle. The chief difference in these conditions is that reductive workup 

gives an aldehyde product when hydrogen is present on a double bond carbon atom, whereas oxidative workup gives a 

carboxylic acid or carbon dioxide in such cases. The following equations illustrate ozonide formation, a process that is 

believed to involve initial syn-addition of ozone, followed by rearrangement of the extremely unstable molozonide addition 

product. They also show the decomposition of the final ozonide to carbonyl products by either a reductive or oxidative 

workup. 

 

Figure 24 

REFERENCES 

1. S . George . , ''Organic Chemistry" Mosby-Year Book . 1995 , Chp.14 , p. 589-649 (1995).  

2. P. Sykes ; "Agide Book to Mechanism in Oaganic Chemistry'' , 5th Ed ., Longman, (1974) . 

3. R . E . Brewster , W. E. McEwen ; ''Organic Chemistry" , Ch . 30ed Ed ., p.638 , (1971) . 

4. B.A. Marry ; "Organic Reaction Mechanism" , Ch . 1, Jon Willey   sons , (2005) .  

5. L.F. Fieser and K.L. Eilliamson , ''Organic Experiment" 5th Ed ., DC . Heath and company Toronto , Canada , p. 

270 . (1983) . 

6. F. A. Carey and R. J. Sundberg "Advanced Organic Chemistry" part A:strures and Mechanisms, 2nded ., Plenum 



136                                                                                                                                Nagham Mahmood Aljamali, Radhiya.A. Khdur & Sajida R Hadi 

 
editor@tjprc.org                                                                                                                                               www.tjprc.org 

Press. New York, p. 243, (1983).  

7. Nagham M Aljamali ., As. J. Rech., 2014 , 7 ,9 , 810-838. 

8. C. O. Wilson and O. Givold, "Text book of Organic Medicinal and pharmaceutical Chemistry", 5th Ed ., Pitman 

Medical Publishing Co. LTD, London coppy right. Cby. J. B. LippinCott Company (1966) . 

9. Nagham M Aljamali ., As. J. Rech., 2014 , 7 ,11. 

10. Nagham M Aljamali., Int. J. Curr.Res.Chem.Pharma.Sci. 1(9): (2014):121–151 

11. Nagham M Aljamali., Int. J. Curr.Res.Chem.Pharma.Sci. 1(9): (2014):88- 120 

. 

. 

 

 

  


