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Abs(racl

:-\lk\l-J-chlorophenols have been synthesized in high lield b.r.' th€ reaction of lr-chlorophenol with clclopent€ne,
(l tlohe\cne, c\clooctene and octan€-l in the presence ol perchloric acid as catalyst, The effects of the variation of
-.lclion parameters such trs tcmpcr:rture, molar ratio of p-ch lorophenol to olefin, amount of catalyst and time of
-.rction \rerc investigated. 'l hc optimum conditioDs lbr the production oi 2-:rlkyl-4-chlorophenols phenol havc bren
a.termined. 'l'he yield of tho prodrirts iDcreased \\'ith the iucreasc ol €ach of the above-mcntioned parameters.

\.rsords :,\lkylation,p chlorophenol, olefins, pcrchloric

'lrtroduction

. -.\lJrroll ofa|nnralic.trhstrates is imlonant rn ntany
: :. ol lhe chcmical industiy. Alkylchlorophenols and

, lcrrratives alc the most t'l'fcctive antioxidants and
:::r,rrctronal stabilizcls in luels. lLrblicatin!. oils and rl'idc

- -.r\ ol o\ygen sensitivc nraterials f1 6]. Thc'y aIe also
. ::. hcrbrcidcs. bactcricidcs. rnsecticides etc. l7-111.
'-.:rruns of chlorophenols r.vtth olellns. alcohols and
, r ..hllidcs in the prcstnce ol scveral actdic catalysts ha\c
-:-n sludied 110,11-27). But Do atteu'lpt has evcr bccn nucie
' ..Lrd) thc leactions in the presence ofperchloric acid as

- - i,r l\ s1.

. lhc prcscnt u,olk. alkylation of /) chlolophenol \\,itll
-...lLrpenlcrc. cvclohexene. clclooclcne and octane-l in 1he

: rseDL c ol pc|chlotic acid as catalyst has bccn invc\ligatc(l
,rtl tirc y'icld o1 2 alky-l 4 chlolophcnol oplin'rizcd using a

.-'1 r caclioD palametcrs.

L ll\pcrimenlnl

I hcnricals uscd in this work u'ere pulchascd fiom Mcrck
( lrenricals Co. and q'crc usr:d without furlher pulification
Lrrlcss statecl. Pcrchlcxic acid ras uscd as calalyst.

lhc rcactions ',rcre carrictl out itr a thrcc ncckcd |ound
bottomcd ilask fi1tcd with a condenscr. a thcrmonctcr. a

dropping lunncl and a stilrer. 2-Cblorophenol-cata1ysl
nrixhre \\'as charged into the llask, lleated to the
t0r'nperatlrrc of the experiment, then olefin was introduced
irtto the nrixtr.r'e gradually over a certain period of time
(1ilne of addition) \\'ith constant stilTing. lhe reacliorl
nrixtruc was stirred l-or another peliod of time (tinle of
stirring) at the samc tempcrature aflc'r thc addjlion of thc
lotal amount o1'olciin. Thc rcaction nuss \\ as then coolcd to
r-oonr lcmpcratLlre ancl Dcut|alizccl wit)r an equivalcnt
auloult of i0'X, KOIt solution. fhc ncutralizcd rcactior
n.rass was tircn clissollcd in dicthyl cthcr, rvashecl rvith
dislilled water several tines and dried with anhydrous
maglesiun] suli.ite. Uirreacted reactants and solvent were

distillcd ofl at atmospheric pressure. 1he producr thus
obtained was subjected to fiactionation by distillation and
characterized by physico-chemical and spectral means.

3. Ilesults and I)iscussion

The leaction of p-chiorophenol with cyclohexene in the
presence of perchloric acid was investigated ovcr thc
lclnperalurc ranrc of lU0-la0"C \4olat lulln ut f
chlorophcrol to cyclohexcnc u'as varied flom 4:1 to il:1.
reactlon tjme from 3 to,1 h and amount o[catalyst fiom l to
5%' by ut. of p-ch)or oplrc nol. As can be seen fiom fablc 1.

tlte yicld of2 cyclohexyl-4-chlorophenol. the producl ofthc
reactioD, iDcreased wilh the iDclease 01'tentperaturc (E\pl.
No. l. 2. 3 and 4). nlolar ratio of p,chlorophcnol to
cyclohexenc (Expt. No.4.5 and 6). amoLinl ol cataiyst
(Iixpt No. 6. 7. 8 ancl 9) and reaction tine (Expt. t\-o. 6 aDd

10).

-lhcreibre. the fbllowing conditions may be considered as
optirrum (yicld - 96.1%\ for the productjon of 2,
cyclohexyl-4-chlorophenol: temperatutc 140"C1, molar'
Iatio of 2-chlorophenol to cyclohexene = 8;1. anrcunt of
pclchloric acid - 5%, by wt. of p-chlorophenol. tine of
aclclition : 2 h and time of stiring =. 2 h.

-l-he rc'actions of p-chlrophenol with cyclopcnlcne.
cycloocteDc and octane-1 in the prescnce ofperchloric acid
wcre canied out under the above mentioned conditions to
obtain 2 alkyl-4-&lorophenol tn 95.3'/,,. 96.90, and 9l .ii)\)
yield, respectively.

The UV-spectrum of 2-cyclohexyl,4 chloropltenol showed a

strolrg absorption at ),,,,", = 296.6 nm in 0.01 M petroleum
cthcr solution.

ln the III spcclrum of 2-cyciohcx.v-l .1 chiolophcnoi.
absomtion baDd at 3400 cn-r-r showed the plcscllce of C)ll
group. Bands at E05 cmL and 870 crrr accountecl lbl 1.2.4
lr^rrbslrlutc,l aron) l( ng. BanLls Jl b)U (m . lETo 2ol0
cnr aDd 1600 crn \rcre obs(rrcd for. salllralcd ( Il. ( ( l

stretch and benzeDc riDg ( .( . respectivcly.



_12

In thc Lll 
N l\'11{ spcctmm oi thc product. chenicai shifts oi'

llic i[o]Iatic ring protons were observed at 6 = 6.40-7.:10
ppDr. All thc protons ol lhc cyclohcxyl group except one on

the u-position lclative to the aromatic ring u'cre obser\cd at

6 0.(12-2.i6 ppm and one proton otr thc d-position \\as

obscrvcd at 6 = 2.40-1.17 ppm. Chctnical shiti 1bL thc Oll
grorip proton rvas ohservcrl at r\ i.2l ppn'l.

2-( 1clohcx)I-4-uhlorophcnoI had b.p. 307"C. ./,r" 1.1175

xnd /rr,"' 1.5,100.

I \c l)V-spcctluru ol' 2-cyclopentyl 4-chlorophenol shorved

.r slrong absorltioD at ).,,,,, :297.8 nn in 0.01 \4 pctrolcum

.lhcl sollltion

In 1he ll{ spcctrlun of 2-cyclopcntyl -1-chlotophenol.

ri)sorption bancls at 820 cn't'r ancl ll80 crir accountcd fbr
1.2.-l lr'isubstiluted aromatic ring. BaDds at 640 cm', 1600

crn . 2370 2920 cm and i40{) crrr uele obsctvcd lbr C-
( 1. bcnzcnc ring ( (,. saturated C.H ancl OII group.

r csprctivcly.

fhc ril NMI{-spcctr1lnr of 2-cyclopcntyl-4-chlorophcuol
shorr.ccl siglals lt 0 = 6.i5-7.11 ppm for the alouratic ring
protons. Signrls fbl all the protons ofthe cyclopentllgroup
crccpl olrc on lLrc cr position relative 1o the aron]atic ring
\!'rc oi)scrvcd al 6 1.37 2.21 ppm. rvbile the sig[ai lor the

proto on thc (1-positiou was observcd at rJ "' 2.89 l.'10
ppru. ('hcnrical shil't lbr thc Oll groLLp proton was

oirscr\ cd a1 d 5.10-6.00 ppm.
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2-Cyclopentyl-4-chlorophenol had b.p. 278"C. drt" 1.1616
and n ,r:o 1.5445.

fhe IJV-spcctrun of 2-cyclooctyl-4-chlolophenol ur 0.01 M
petroleum ether solLrtjon showed a stiong absorption at ),,,,,,,

195.2 nm.

l hc III spectlr.rrn oi 2-cyclooctyl-4-cirlorophenol showed thq
absolption bands ar 640-680 cm'. 1600 cm-r and 800 900
cmr lor C CI stletch, aromatic ringC::c and 1.2.4-
trisubstitutcd bcrwcnc ring. rcspectivcly. AbsorytioD band
at 3400 cmr sho',rcd the plesence of OtI group. band at
2950 cnI was accounted for saturated C H shetch.

The rII NMR spcctrurr of 2-cyclooctyl-4-chloropheDol
shorved signals.ll (i = 6.51 7.73 ppm lbr thc aromatic Iirg
protons. Signals lbr all tlle protons of the cyclooctyl gloup
except one on lLle o.-position relative to the aromatic ri[g
were obsewed ut ,i 0.69-3.i0. ppm, rvhile the signal lor
the proton on tlre (/.-position was obscrved at 3 : 1.,i0-3.96
ppm. Chcmical shift fol. the Oll gronp proton was

observc'cl at 6 - i.30-6..13 ppm.

2-CyclooctyJ-4 chlorophenol had b.p. 309"C. (tr"' 1.13:l3
and rn:" 1.5570

1he UV-spectrrrnr of 2-i cc. -octyl-4-chlotophenol shorved a

sttong absorptirrn ut 7-,,,.,. : 298.8 mr in 0.01 M petroleum
cther solulion.

In the IR spectrrr)r ol 2 .icc. octyl-4-chlorophenol, balds at
2870 cm L and 29,10 cnr r showed saturated C II in the sec.-

Table l: Alkylatron of2-chlorophenol wrth cyclohexene in the presence ofperchloric acid.

llxpt. No Rcaction Co11diliorls % Yield of 2-
cyclohexyl-4-
chlorophenol'lemp..

'(l
Molal ratio ofp-
chlorophenol to

cyclohexene

Amount of catalyst.

'% by wt. of t-
chlorophenol

'fime of
addition, h

Time of
stirring,

h

I

2

3

4

5

6

7

ti

9

l0

100

ll0

t20

140

140

140

140

140

140

1,10

4:1

,1:1

4:l

4:1

6;l

S:l

8:1

8: I

8:1

8:l

5

5

5 ,,,
5

5

5

I

2

3

5

2

2

2

C-C'
2

..'t .l

2

2

2

2

2

I

I

1

I

I

1

I

1

1

2

69. i

12.4

7 5.1

86.3

94.4

68. s

86.3

91 ?

96 1
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19.

20.

rtrflr dp<frkrqbenol with olefins in thc presence of perchloric acid

9g IL e rb€. bands at 650 cm-r, 1600 cm-',840_I r' d _at& cm-r accounted for C-Ct, aro-atic iingtr lr !-l+tre$snruted benzene ring and _OH group-,

h tb H \YR-spectmm of 2-sec. _octyl_4_chlor ophcnol,# lbfu for rhe aromatic ring protons and-OH gr.oup
F.t rt't observed at 6 = 6.30_7.10 ppm and 5 = 5.17
a:, c5rcor.el.,,'. Signals for all the protons on the sec._
Glri !ts? except one on the d_position relative to the
@E rDg *sre observed at 6 : 0.63_2.07 ppr4 while the
qeBl to( llle p.oton on the c-position was observed at 5 =. -:-{ l'l ppm.

lj...r 4cri-4-chlorophenol had b.p. 3Oi C, dll 1.0452 andr. i -rllF
L C-lasion
It rreld of alkylation ofp-chlorophenol with olefins in theg':loce of perchloric acid was optimized and the alkylated
:ratiLLs \r€re thoroughly characterized. Results oi this
r!!3, mdicated tltat the effects of temperature, molar ratio
ri r,chlorophenol to olefins, amoult of catalyst and time of
-..ri:lon \\ere srtnifrcant. All these valiablcs signrficanrly
t:,=e;red_ the yield of 2-alkyl 4-chlorophenols. Optimum.rirl of the products were obtailed under the ieaction
:rrodrtions of a tenrperahlle of 140.C; an g:1 molar ratio of
:-<hlorophenol to olefin, a 5% by weight perchloric acid of
-rhlorophenol, a 2 h time of addition of olefin and a 2 h
:!rE ofstirritrg ofthe reaction.
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