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ABSTRACT

The Fries rearrangement of aromatic esters is usually performed in Lewis acid (AlCls), we have optimized this
reaction with eco-friendly catalyst p-toluene sulphonic acid (PTSA) in situ. It was found to be as efficient new
reagent for probing the mechanism of acylation reactions and Fries rearrangement of aromatic esters. PTSA is a
strong, stable and biodegradable acid giving high conversion and selectivity (up to 90% of ortho-isomer and 10%
of para-isomer at 100% conversion), Further, the conversion was confirmed by elemental and spectral Infra-red ,
Nuclear Magnetic Resonance, and Mass Spectroscopy (IR, 1H NMR Mass) analyses.
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INTRODUCTION

The Fries rearrangement of aryl esters, a speas® of Friedel-Craft acylation provides an impdrtaute for the
synthesis of aromatic hydroxyl aryl ketones thadl fvarious uses [1]. Lewis acids such as alumirghtaride [2-3],
boron trifluoride [3-4], bismuth triflouride or sing protoic acid such as hydrogen fluoride, methanionic acid
[4-9] can be used for this reaction. But these @osive and environment unfriendly catalysts. Emample
aluminium chloride is too powerful a need to bedusereagent quantities because of its abilityttorsgly complex
Lewis base products [10]. Method for separatingaheninium chloride is by destructive water quetedding to
large volume of hazardous wastes. Thus the usduafimsium chloride [11-12] can lead to violations séveral
principles of green chemistry through the releasthé environment of hazardous substances, whish pooblem
of high toxicity, corrosion and spent acid dispfisai14]. In view of these disadvantages of theafdeswis acids it
was proposed to achieve the migration of aryl estercorresponding hydroxyketones with compounctrothan
Lewis acid [15-16].

EXPERIMENTAL SECTION

General Experimental: All the chemicals were obtained from E-Merck, In¢feR grade) and were used without
further purification. Melting points were takenam open capillary tube. IR spectra were recorded &himadzu
Dr-8031 instrument. 1H NMR spectra of the synthedizompounds were recorded on a Bruker-Avance (3G0M
and Varian-Gemini 200MHz) spectrophotometer usibfo solvent and TMS as the internal standard.

Synthesis of p-Toluenesulfonic acid (PTSA).A mixture of pure toluene87g (100ml, 0.95mol) arahaentrated

sulfuric acid 37g (20ml, 0.35mol) was gently boilied 1 hour and cooled, the solig-toluenesulfonic acid was
precipitated out. It was filtered and dried, yi8lsl %, m.p.10% 106'C.
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Synthesis of Phenyl acetates(2a). A mixture of phenol (94g, 1mol) and dry pyridined(il) was placed in a 500ml
beaker. It was kept in ice bath and acetic anhgdfi®7ml, 1.25mol) was added slowly with constdintisg. The
reaction mixture was poured on a mixture of icalaghter and concentrated hydrochloric acid (50md) extracted
with carbon tetrachloride (100ml). The extract wasshed successively with water, 10% NaOH solutioh @gain
with water. It was dried over calcium chloride. Téglvent was removed by distillation and phenyltaiee was
collected at 195 to 18, Yield 70 %, (Tabl2.1).

Synthesis of o-Tolylacetate (2b).A mixture ofo-cresol (54g, 1mol) and dry Pyridine (5ml) was pl&én a 500ml
beaker. It was kept in ice bath and acetic anhgdf&fiml, 1.25mol) was added slowly with constairtisyy. The

reaction mixture was poured on a mixture of iceO¢f)0and concentrated hydrochloric acid (50ml) artlaeted

with carbon tetrachloride (50ml). The extract waashed successively with water, 10% NaOH solutich again

with water. It was dried over calcium chloride. Tealvent was removed by distillation apeolyl acetate was
collected at 175 to 18, Yield 60 %,(Tabl&.1).

Synthesis of m-Tolyl acetate (2¢).A mixture of m-cresol (54g.1mol) and dry Pyridigteml) was placed in a 500 ml
beaker. It was kept in ice bath and acetic anhgdf&tml, 1.25mol) was added slowly with constairtisyy. The
reaction mixture was poured on a mixture of iceOgf0and concentrated hydrochloric acid (50ml) arulaeted
with carbon tetrachloride (50ml). The extract waashed successively with water, 10% NaOH solutiah agmain
with water. It was dried over calcium chloride. Téslvent was removed by distillation andolyl acetate was
collected at 180 to 18, Yield 65.1%,(Tabl&.1).

Synthesis of o-Chlorophenylacetate (2d).A mixture of o-chloro phenol (80g, 1mol) and dry Pyridine (5mixsv
placed in a 500 ml beaker. It was kept in ice katd acetic anhydride (64ml, 1.25mol) was added Iglavith
constant stirring. The reaction mixture was pouvada mixture of ice (100g) and concentrated hydarahacid
(50ml) and extracted with carbon tetrachloride (§0rrhe extract was washed successively with wdi@¥ NaOH
solution and again with water. It was dried ovelcican chloride. The solvent was removed by didiitla ando-
chlorophenyl acetate was collected at 175 t@8¥ield 62.38 %,( TabR1).

Synthesis of p-Chlorophenylacetate (2€).A mixture of p-chloro phenol (80g, 1mol) and dry Pyridine (5miasv
placed in a 500 ml beaker. It was kept in ice katd acetic anhydride (64ml, 1.25mol) was added Iglavith
constant stirring. It was poured on a mixture &f {€00g) and concentrated hydrochloric acid (5Gmt extracted
with carbon tetrachloride (50ml). The extract waashed successively with water, 10% NaOH solutiah agmain
with water. It was dried over calcium chloride. Tdwvent was removed by distillation gndhloro phenyl acetate
was collected at 175 to 182, Yield 60%, (Tabl2.1).

Tablel. Phenyl acetates 2a-e

OQ0CH;

I

R
Compd. R %Yield Solubility (NaOH) B.p°C
2a H 70 Insoluble 195
2b 0-CH; 60 Insoluble 206
2c m-CH3 65 Insoluble 216
2d o-Cl 62 Insoluble 175
2e p-Cl 60 Insoluble 160

Friesrearrangement of Phenyl acetate intopara-Hydr oxyacetophenone

p-Hydr oxyacetophenone(4a). The white solid residue obtained during the isotatof o-hydroxyacetophenone
above (Expt.7) was crystallized in petroleum ethéeld 30%, m.p.11%C. (Table2.3) UV: Amax 275 m, IR
(KBr): 3300 cn, br (-OH); 1650 cmistr (-CO); 3000 cilistr (C-H); 2910 cil (-CHg) in methyl.

4-Hydr oxy-3-methylacetophenone(4b). The white solid residue obtained during the iofa of 2-hydroxy-3-
methyl acetophenone above (Expt.9) was crystalliziéhdl petroleum ether. Yield 30%, m.p.P09 (Table2.3). UV:
Amax 280 m, *H NMR (CDCL) ppm[2.30(s, 3H)]-CHl [2.57 (s, 3H)] -Chzt (6.80-7.82 (m,3H)] —Ar-H.

4-Hydr oxy-2-methylacetophenone(4c). The off white solid residue obtained during thelasion of 2-hydroxy-6-
methyl acetophenone above (Expt.11) was crystdllizavith petroleum ether. %Yield = 30m.p. £85 (Table
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2.3).UV: amax 264 m, IR (KBr): 3180 crit, br (-OH); 1680cristr (-CO); 2990 crhstr (C-H); 600-870 cm-1, ben
(C-H).
4-Hydr oxy-3-chlor oacetophenone(4d). The white solid residue obtained during the iofa of 2-hydroxy -3-

chloro acetophenone above (Expt.13) was crystdllizevith petroleum ether. Yield 30% m.p. £&7(Table2.3).
IR (KBr): 3405cnT, br (-OH); 1630cristr (-CO); 2910 cilstr —(C-H) str in Ck 3040 cni(Ar-H); 1450 cmi'str

(C=C). 800 critstr -(C-Cl).

Table 2.p-Hydr oxyacetophenonesda-d

OH
7N
R
/
COCH;
Solubility
% Yield % Yield MW (NaOH)
Conventional Method Process
Compd. R AICI3 PTSA ALCI3 PTSA FeCl3 ml
4a H 40 45 42 46 Voilet 109 Soluble
4b m-CH3 35 42 39 44 Voilet 130 Soluble
4c 0-CH3 38 42 40 44 Voilet 107 Soluble
4d 0-Cl 40 44 41 45 Voilet 140 Soluble

M Conventional
Method
AlCI3

M Conventional
Method
PTSA

M Microoven
Process
ALCI3

 Microoven
Process
PTSA

H m-CH3 0-CH3 0-Cl

Figure 1.Comparative chart of synthesized p-Hydr oxyacetopheneone by conventional and micro oven method using AlCl; and eco-
friendly catalyst (PTSA)

RESULTSAND DISCUSSION

The Fries rearrangement was performed at-180°C without any solvent using catalytic amount pf
toluenesulfonicacid. The yields of products wergaoted near about same as that of with aluminiutorite
(AICI3). The reaction time was also importance, 98% crmior of phenyl acetateza was achieved within 30
min.at 90-16(°C.The ortho/para ratiBa/4a was always in favour of the desired compoBadnd decreased during
the conversion of phenyl acetates. The reaction beagarried out under optimized temperature, lawpterature
favours the formation para product and high tempeeafavours the formation ortho product. The sgsired
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compounds have been confirmed on the basis of ef@ianalysis and spectral data. It was found tovémy
important to use an anhydrgdluenesulfonic acid, as traces of water hydrolysenyl acetat@a to phenol and
acetic acid. The comparative chart of synthesjeétydroxyacetopheneone by conventional and micranawethod
using AICk and eco-friendly catalyst (PTSA) have presentdeigrel.

OCOCH,4

(CH;CO),0/Pyridine

L
v

2a
Scheme 1: Synthesized the Phenyl acetatefrom Phenol
OCOCH;3

Conventional Method COCHs

By AICk
MW PTSA

COCHy,

2a 3a
Scheme 2: Fries of Phenyl acetateinto Ortho/Para Hydroxyacetopnenone

MECHANISM
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CONCLUSION

p-Toluenesulfonicacid a biodegradable white solidiswised in the Fries rearrangement of phenyl acétat
hydroxyacetophenone amdhydroxyacetophenone with very good conversionrotiad 98% and very good yield
of the ortho product. To obtain such performanaesnolar ratio ofp-toluenesulfonic acid is not necessary.
Hydroxyketones were easily separated from the agpiesolution by extraction with organic solveRts.
Toluenesulfonic acid is a biodegradable and eashatudle. It performances are similar to aluminiunfodde
(vield, conversion, selectivity) and has lower imipan the environment.
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