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Abstract 
The paper deals on the synthesis of 2-cyclohexen-3-yl-ethyl and 2(1-
methylcyclohexyl)-4-chlorophenols as a result of cycloalkylation reactions of 
para-chlorophenol with 4-vinylcyclohexene and 1-methylcyclohexene in the 
presence of  Zeolite-Y catalyst impregnated with orthophosphoric acid. Effect 
of temperature, time, mole ratios of primary raw materials and catalyst 
amount on the direction of the reaction has been studied for the purpose of 
finding out efficient yield and selectivity of the target products - 
2(cyclohexyl)-4-chlorophenols. The studies have been resulted in determining 
effective conditions for cycloalkylation reactions of parachlorophenol with 
methylcyclohexene in the presence of Zeolite-Y catalyst impregnated with 
orthophosphoric acid : reaction temperature - 120

o
C, time - 5 h, mole ratio of 

parachlorophenol to methylcyclohexene 1:1, catalyst amount to the taken 
parachlorophenol - 10%. Under these conditions, the yield of the target 
product - 2(1-methylcyclohexyl)-4-chlorophenol on the taken parachloro-
phenol amounts to 85.6% and selectivity on the target product is 95.2%. 
Simultaneously, catalytic cycloalkylation reaction of parachlorophenol with 
vinylcyclohexene has also been studied. Analysis of the alkylate obtained by 
different mole ratios of primary raw materials reveals that the reaction of 
parachlorophenol with vinylcyclohexene occurs both on the side chain and 
also on cycle. Effect of other kinetic parameters on the reaction yield and 
selectivity has also been studied and finally optimal conditions have been 
determined for cycloalkenylation of parachlorophenol with vinylcyclohexene: 
temperature - 100

o
C, reaction time - 4-5 h, parachlorophenol : vinylcyclo-

hexene = 1:1, catalyst amount - 7% (to the parachlorophenol used). The yield 
of 2(cyclohexene-3-yl-ethyl)-4-chlorophenol is 74.8% to the parachloro-
phenol, and selectivity is 94.5% to the target product 

Keywords: para-chlorophenol, 4-vinylcyclohexene, 1-methylcyclohexene, catalyst, 

cycloalkylation, 2(1-methylcyclohexyl)-4-chlorophenols 

Introduction 
There is sufficient information in literature concerning alkylphenols, obtaining their 

derivatives of different fragments and application fields [1-5]. Chemical additives containing 

haloid fragments are special ones among these compounds [6-8]. Addition of them into 
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polymers, oils and fuels prevents their destruction under air, temperature and other external 

factors effects and as a result, causes prolongation of their exploitation time [9-14]. 

Intermediate products containing large amount of valuable monomers are obtained by the 

pyrolysis of low octane gasoline but they aren't applied efficiently yet. Alkylating agents have 

been obtained by us for carrying out phenols alkylation reactions by involving C4 and C5 

fractions in these products into petrochemical orbite. As is known, C4 fraction contains about 

40% of divinyl, C5 fraction - about 20-30% isoprene and piperylene. 4-vinylcyclohexene has 

been obtained by cyclodimerization of C4 fraction in autoclave, and 1-methylcyclohexene has 

been obtained as a result of condensation of C5 fraction with ethylene. 

Currently, there are a number of catalysts for carrying out phenol alkylation reactions. 

Most of them are homogeneous and therefore make environmental and economical problems 

because of impossibility of a continuous process, corrosion of equipments, high catalyst 

consumption and etc. [15-17]. The present work is on the study of cycloalkylation reactions of 

parachlorophenol (PCP) with 4-vinylcyclohexene (VCH) and 1-methylcyclohexene (MCH) in 

the presence of Zeolite-Y catalyst impregnated with orthophosphoric acid.  

Experimental Part 

PCP, VCH and MCH have been used as primary raw materials for obtaining 2(1-

methylcycloalkyl)-4-chlorophenols. Zeolite-Y impregnated with orthophosphoric acid has been 

used as a catalyst.  Zeolite-Y (DA-250) is an industrial catalyst and produced by the company 

“Grace Davison”.Phosphorous-containing Zeolite-Y catalyst is prepared by the following 

method: alumogel cracking catalyst (Zeolite-Y, SiO2:Al2O3=4.8, 97% of ion exchange rate) is 

perfectly mixed. The obtained mass is passed through a sieve of 1.6 mm diameter, grinded and 

incandensed. Further, the 10% orthophosphoric acid (according to P2O5) is impregnated into the 

catalyst and evaporated, dried in oven at 100°C, and incandensed by a continuous increase in 

temperature from 200°C to 600 °C. Further, the catalyst is cooled down and used. Phosphorous 

amounts to 5% (according to P2O5) in the obtained catalyst. The catalyst is regenerated after 500 

h of operation. 

PCP is purified by distillation before the use: boiling point. 216-217
o
C; 1.2651;  1.5579; 

mol. mas. 129.5. 

VCH is obtained by divinyl cyclodimerization [18] and possesses the following 

physicochemical properties: b.p.130
o
C; 

 
0.8308; 1.4648; mol. mas. 108.  

MCH is obtained by isoprene diene synthesis via Diels-Alder reaction [12] and possesses 

the following physicochemical properties: b.p.111-112
o
C; 0.8200; 1.4500; mol. mas. 96.  

Cycloalkylation reactions of PCP with VCH and MCH has been realized on a laboratory 

batch treating unit: a calculated amount of PCP and catalyst are added into a three-necked flask 

and heated. Sufficient amount of cyclen is added dropwise into the mixture through a funnel by 

45-50
o
C of temperature. Temperature is increased up to 80-140

o
C after dropwise addition of 

cyclen and mixing process is continued during 3-6 h. Later, the reaction mixture is cooled  down 

to 40-45
o
C, separated from the catalyst by filtration and rectified. At first, cyclen unreacted 

under atmospheric pressure is separated by distillation and it's followed by PCP and reaction 
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products unreacted under low pressure (10 mm Hg). Then physicochemical properties and 

chemical structures are identified for the target products. 

The structures of the synthesized substances have been determined using IR, NMR, 
1
H 

and C
13

 analyses. IR spectra have been recorded on "ALPHA IR Fourier" spectrometer of 

“Bruker” (Germany), 
1
H NMR  and 

13
C NMR spectra - on Bruker TopSpin software at 

frequency of 300.13 MHz in the solvents - acetone - d6, D2O, CDCl3 and CCl4, correspondingly. 

Results and Discussions 

The equation for catalytic cycloalkylation reactions of PCP with VCH and MCH is as 

following: 

 

Effects of temperature, reaction time, primary components mole ratios and catalyst 

amount on the process flow have been studied for the purpose of finding out efficient yields of 

the target products - 2 (cyclohexyl)-4-chlorophenols and high selectivities of the process. 

Cycloalkylation reactions temperature has been studied at 80-140
o
C, reaction time - 2-8 h, mole 

ratio of PCP to MCH (VCH) as 0.5÷1:3, catalyst amount 5-15% (to the PCP). 

The results of the studies carried out on cycloalkylation of PCP with MCH are set into 

Fig.1 as an example. As is evident from the figure, cycloalkylation reaction temperature is 80-

140
o
C, time - 2-8h, mol ratio of PCP to MCH - 0.5:1-1:0.5, catalyst amount 5-15% (to the PCP).  

As is seen from Fig.1, the yield of the target products increases from 42.5% up to 85.6% 

and selectivity from 84.8% up to 95.2%. by the increase in reaction temperature from 80
o
C up to 

120
o
C. A decrease is observed in the yield and selectivity of the target product by the further 

increase in temperature. The figure reveals, that  the yield and selectivity of the target product 

can be considered efficient in 5 h meeting time of the components with a catalyst. So, that the 

yield is 85.6% and selectivity 95.2% in this period. Prolongation of reaction time isn't efficient.  
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Fig.1.  Dependence curves of the yield (1) and selectivity (2) of 2(1-methylcyclohexyl)-4-

chlorophenol on the reaction temperature (a), time (b), primary components mol ratios (c) 

and catalyst amount (d) 

1:1 mole ratio of PCP to MCH allows to achieve high yield and selectivity. Increasing 

concentration of MCH in the reaction mixture causes a significant decrease in the yield and 

selectivity: 60.1 and 71.4%, correspondingly. Low yield and selectivity indicates an increase in 

the amount of 2,6-di-substituted PCP in the reaction products.  

 

As is seen from the figure, it isn't possible to achieve a significant changes by increasing 

PCP concentration in the primary raw materials. Thus, yield and selectivity of the product is 

slightly increased in this case. This result isn't economically viable.  
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Catalyst amount also has an important role in the study of cycloalkylation reaction of 

PCP with MCH. Fig. 1 reveals, that 5% of catalyst amount isn't sufficient for cycloalkylation 

reaction. In this case, the yield is 49.7%, but selectivity is 96.8%. The yield of the target product 

may be increased up to 85.6-87.6% and selectivity up to 95.2-90.6% by increasing catalyst 

amount up to 10-15%. But large amount of catalyst isn't economically viable. Therefore, we take 

10% of catalyst the reaction. 

So, optimal conditions have been determined for cycloalkylation reaction of PCP with 

MCH in the presence of Zeolite-Y catalyst impregnated with orthophosphoric acid: reaction 

temperature - 120
o
C, time - 5 h, mole ratio of PCP to MCH 1:1, catalyst amount to the PCP - 

10%. The yield of the target product - 2(1-methylcyclohexyl)-4-chlorophenol according to the 

taken PCP amounts to 85.6%,  but selectivity according to the target product is 95.2% under 

these conditions.  

IR spectrum results of 2(1-methylcyclohexyl)-4-chlorophenol are presented in Fig. 2 and 

Tab. 1. 

 
Fig. 2. IR spectrum of 2-(1-methylcyclohexyl)-4-chlorophenol 
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Table 1. IR spectrum results of 2(1-methylcyclohexyl)-4-chlorophenol 

Signals The place of the substance in the structure 

654, 705 cm
-1

 C – Cl bond 

809, 879   cm
-1

 1, 2, 4 substituted benzene ring 

973   cm
-1

 C – H bond of cyclohexane ring 

1114, 1171 cm 
-1

 C – O bond 

1245 cm
-1 

, 3555  cm
-1

 deformation and valence vibrations of phenol OH 

group corresponding to O-H bond 

1322, 1400, 1450, 1489 cm
-1

 deformation vibration of C – H bond of  

CH3 and CH2 groups  

2856, 2923   cm
-1

 CH3 and CH2 groups valence vibrations 

1597   cm
-1

 C – H bond of benzene ring  

1698  cm
-1

 C – H  bond of benzene ring  

1
H NMR spectrum of 2(1-methylcyclohexyl)-4-chlorophenol is presented in Fig.3. 

 
Fig.3. 

1
H NMR spectrum of 2(1-methylcyclohexyl)-4-chlorophenol 

 

The results of 2(1-methylcyclohexyl)-4-chlorophenol analysis are set into Tab.2.  
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Table 2. The results of 2(1-methylcyclohexyl)-4-chlorophenol 
1
H NMR spectroscopic analysis  

Chemical names and structures Type of proton 
Chemical 

shifts, MHz 

2(1-methylcyclohexyl)-4-chlorophenol 

 

 

CH3 – singlet 0.873 

CH2 (cycle) – spread signal 1.333-1.469 

OH – singlet 6.0 

H1,H2 and H3 (aromatics) 

multiplet 
6.8-7.2 

PCH catalytic cycloalkylation reaction with VCH has also been studied by the same way. 

Effect of kinetic parameters (temperature, time, primary components mole ratios, catalyst 

amount) on the yield of the target product - 2(cyclohexen-3-yl-ethyl)-4-chlorophenol and the 

process selectivity has been studied. One of the important points  these reactions is VCH 

concentration in the mixture of primary components plays a decisive role as 4-vinylcyclohexene 

chemical structure contains 2 double bonds. As a result of the analysis of the alkylate obtained in 

various mole ratios of primary raw materials, it's obvious, that PCP reaction with VCH occurs 

both on the side chain and cycle. 

 

As a result of the experiments, it's evident, that alkylation occurs easier in the double 

bond of the side chain of VCH than in double bond of cycle. This is explained by the importance 

of additional kinetic energy to disrapt cyclohexene complanarity. Changing mole ratios of initial 

components allows to direct the reaction towards obtaining the substances of either (I) or (II) . 

Effect of other kinetic parameter on the reaction yield and selectivity of the target 

products has also been studied and resulted in determining optimal conditions for catalytic 

cycloalkenylation of PCP with VCH: temperature - 100
o
C, reaction time - 4.5 h, PCP:VCH=1:1, 

catalyst amount - 7% (on the taken PCP). The yield of 2(cyclohexen-3-yl-ethyl)-4-chlorophenol 

is 74.8% to the PCP and selectivity is 94.5% to the target product under the found conditions. 

IR and 
1
H NMR spectra of 2(cyclohexen-3-yl-ethyl)-4-chlorophenol is correspond to the 

spectra of the latter substance. 
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Physicochemical properties, elemental compositions of the synthesized 2(cycloalkyl)-4-

chlorophenol have been determined and set into Tab.3.  

Table 3. Physicochemical properties, elemental compositions of 2(cycloalkyl)-4-chlorophenols 

 

B.p. 

10 mm 

Hg  

n 20

D   20

4  Mol. mas. 

Elemental composition, % 

Calculated Found 

C H C H 

 

207-211 1.5176 1.0308 224 69.6 7.6 69.4 7.3 

 

178-183 1.5466 1.0304 236 71.2 7.2 70.7 6.5 

Conclusions 

Cycloalkylation reactions of PCP with 4-vinylcyclohexene and 1-methylcyclohexene 

have been studied in the presence of Zeolite-Y catalyst impregnated with orthophosphoric acid. 

There have been determined, that the yields of the target products - 2-(1-

methylcycloalkyl)-4-chlorophenols amount to 74.8-85.6% to the PCP, but selectivity is 94.5-

95.2% towards the target product at 100-120
o
C of temperature, in 4.5-5 h of time, 1:1 mole ratio 

of PCP to cyclen and 7-10% catalyst amount to the taken PCP.  

Physicochemical properties of 2(methylcycloalkyl)-4-chlorophenols have been 

determined, chemical structures have been inferred by IR, 
1
H NMR and 

13
C NMR 

spectroscopies.  
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