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Fries migration of the esters of phenol, isomeric cresola and naphthols with thiophene-2-carboxy- 
lic acid has been investigated a t  126' C and 160°Cin ahaence 3fa solvent, with a view to study the 
behaviour of the sulphur atom in +he thiophene ring towards an acid catalyst and its interference 
in the complex formation necessary for the migration. The isomeric ortho- and para-hydroxy 
ketones have been isdated employing chemical methods and each is characterised by the pre 
paration of its 2 : 4-dinitrophenylhydrazone. The yields of tho hydroxy ketnnes were poor 
and ranged from 4--8% in the case of para and from 9-18% in the case of ortho. Further, in 
all cases studied, above 50% of the  eater was recovered unchanged. These suggest that  the 
charge densit). a t  the sulphur atom ia greater than a t  the phenoxyl oxygen atom as ec mgared 
with simllarmigrations with the esters of furane-2-carboxylic acid whore the yielrle of the hydroxy 
ketonee were quite high and no unreacted ester wne encountered. 

Probably one of the earliest and cerbainly one of the most remarkable cases of chemical 
a-td physical isosterism came to light as compounds of bhiophene were examined and it  
was shown bhat they had an intense similarity to those of benzene extending even to the 
odours of bhe aldehydes and mono-nitro compounds. Xince tihese properties showed a certrain 
degree of parallelism, ib is not surprising %hat the comparative physiological properties of 

- these compounds were examined. 

whilst thiophene its& had similar but rabher more acube acbivity for mice, nitirobhio- 
phew has long been known' bo give rise bo boxic sympboms almost indisbinguishable 
f r ~ m  those of nitrobenzene. 

It would be easy to cite many instances where in so far as physiological action is 
conceined, the replacement of a benzene by a thiophene residue made very libtle difference2. 
Many examples of bio-isosterism between benzene and thiophene derivatives can be 
found among anaesbhebics, antihistaminics, hypnotics, analgesics, anbiconvulsants 
and mltny others. 

In general it  may be said that in the majority of cases the bhiophene ring can replace 
ths benzene ring wibhout much alberation of the physiological activity, Apparently, 
exceptional cases are occasionally encountered such as the inability of bhienylalanine324 to 
take bhe place of phenyl alanine in nutribion. 

It is well known that ketones in general possess narcotic properties and the hypnotic 
action is shown by mixed ketones and further tihab the e~trance of a phenolic hydroxyl group 
ar a chlorine atom into the ketonic compound produces a marked change iin bheir physiologi- 
cal properties. Though only a few simple thiophene kebones5-9 have been mentioned in 
libewtiure, no work has so far been reported on the preparation and study of the physiological 
properties of the hydroxyphenylthienyl ketones. 
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In  continuation of work10 on the synthesis of hydroxy ketones, i t  was thou9ht of 
inberesb bo prepare some of these by bhe Fries migration of the phenyl esters of thiophene-2- 
carboxylic acid and reduce these by the Clemmensen method and evaluate the antibacterial 
properbies of these hydroxy ketones as well as their reduced producbsll. 

The main object of bhis investigation was (i) to sbudy the behaviour of the sulphur atom 
in bhe bhiophene ring towards an  acid catalyst (Aluminium Chloride) and its interference in 
bhe proposed formation of the complex necessary for the migration of the bhienyl esters 
and to  compare it with the observations already reported on the migrations of the phenyl 
esters of 2-furoic acid12 and (ii) to prepare substituted aryl thienyl methanes obtainable 
by the reduction of the hydroxy aryl thienyl ketones. 

Aluminium chloride is an acid catalyst and when a base (Bronsted concepb) is brought 
in contact with it, i t  forms complexes. Thus in the case of simple esters the oxygen atoms 
of the eester act as  base and form complexes which after fragmentation give rise to hydroxy 
ketones. In  thienyl esters, there is another electron-donor position in the sulphur atonl 
of the thiophene ring where a complex formation is also possibl~. When equimolecular 
quantities of the ester and alumin.ium chloride are used, complex formation may take 

, place either with the oxygen atom of the ester or the sulphur atom of the thiophene ring 
depending upon tihp charge density of the two positions. If the charge density of the phenoxyl 
oxygen atom is great, normal Fries migration would take place, obherwise the thiophene 
ring would decompose and give different products. Experimental results indicate that the 
elctron density is greater a t  the sulphur atom than a t  the phenoxyl oxygen as the migration 
products were obtained in very low yields and in every reaction studied above 50 per cent of 
the unchanged ester was recovered unreacted. The observations reveal that the behaviour 
of the thiophene ring is quite different from tliat of the furan ring in this migration. 

These migrations have been studied by heating the esber (1 mol) with anhydrous 
aluminium chloride (1 .3  mol) in bhe absence of a solvent a t  120°C and 160°C the ortho- and 
para-hydroxy ketones were separated by their solubility difference in aqueous sodium 
bicarbonate. It was observed that the yields of the hydroxy ketones were poor and ranged 
between 4-8% in the case of para and 9-18% in the case of ortho ; above 50% of 
the unreacted e&er was also recovered in each reaction studied. All the hydroxy ketones 
have been characterised through their 2 : 4-dinitrophenylhydrazones. 

Sinoe the yields of the hydroxy aryl bhienyl ketones were very poor, further work 
on their reduction could not be carried out. 

E X P E R I M E N T A L  P R O C E D U R E  

Y'hiophem-2-carboxylic acid chloride 

Thiophene-2-carbo'xylic acid (10 g) was refluxed with thionyl chloride (10 ml) on a 
water bath for 4 hours and after removing the unchanged thionyl chloride, pure acid 
chloride had b.p. 80°C/12 mm (lit. b.p. 208°C). (yield : 11 g ; 96.1%). 

Preparatzcm of esters 

A mixbure of thiophene-2-carboxylic acid chloride (1 mol) and phenol (1.1- mol) was 
shaken with excess of aqueous sodium hydroxide (10 per cent) and cooled. The separated 
ester was extracted with ether, the ethereal solution washed free of bhe phenol and finally 
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with water. After drying the ebhher-1 iiolubion, ether was stripped off alzd the liquid esSers 
purified by dishillation while the solid ones were cryshllised ; the phenol esbers are listed 

I (, , 
out in Table 1. 

TABLE 1 - 

Phenol eaters b.p.1m.p. Yield Formula Percentage Peroentcge 
("c) (?6) found required 

I 
I 

C H . C  .H 

Phenyl thiophene-2'-oarboxylate 54 65 CllH,OIS' 646 3.8 64.7 3 .9  

2-Methylphenylthiophene-2'-carboxylate 18C-lillmm 53.5 Cl,H,0a8 65.9 4 -4  613.0 4.5 - 
3-Methyl phenyi thiophene-2'-carboxylate 61 72 C~,H~,O,S 66.0 4.5 66.0 4.5 

4.Methyl phenyl thiophene-2'-carboxylate 91-2 78 Cl,T3,,OaS 65.8 4.5  66.0 4.5 

1-Naphthylthiophene-2'-carboxylate 275'7 mm* 52 Cl,Hlo02S 70.6 4.8 70.9 3.9 

2.MB&&t~l thiophene-2'-csrboxylate 112 63 Cl,BloQpS 70.8 3.9 76.9 3.9 

_*Lit. map. 80°C. 

Fries migration of the esters and the isolatian of the hydroxy hetanes 

Pherzyl thiophefie-2-carboxylate :-(2.0 g) a t  120°C gave : 
(a) 2-Hydroxyphenyl-2'-thienyl ketone, bop. 175-6"C/10 mm, 

(yield : 0.2  g ; 10%). 

(found : C=64.6% ; H=3.8%. C1,H,O,S requires C=64; TO/, ; H=3.9%). 
, 

-It gave a vialet CQ~W with. ferric ohloride ; its ,2 : 4-dinitr~phenylhPdmZone had 
map; W C .  - - 

(found : N= 14.4%. C1,H129,N48 (requires N=14; PA). 
(b) 4-Hydroxyphenyl-2'-thienyl ketone, map. 111°C. 
(yield : 0.1 g ; 5%): 
(found : C=647%, H=3.8%. Cl1&O2s requires C=64.7% ; R= 3.9%). 

Ib gave no - ooburation with ferric chloride ; Its 2 : 4*dinitrophenYlh~drazone 
had m.p. 194OC. 

(found : N=14.3%. C1,Hl2O5N4S requires N=14.6%), and . 

(G) Unchanged ester (1.0 g). 

Migration of bhe esber (2 4 g) a t  160°C gave 0 ~ 3 1  g of the hydroxy ketone (a), 0.1  g of 
bhe hydroxy kebone (b) and 1.4 g of the unchanged ester. . v 

2-Methylphenyl thiophene-2'-carboxylate :-42.2 g) a t  120°C gave : 

(a)  2-Hydroxy 3-methylphenyl-2'-thienyl ketone, m.p. 162°C. 



146 

(b) 4-Hydroxy-3-methylphenyl-2'-thienyl ketone, m.p. 151°C. 
(yield: 0.1 g ;  4.51%). 
(found : C=66.0% ; H=4.4%. C12H1002S requires C=66.0% ; H=4.5%). 

It gave no colouration with ferric chloride, its 2 : 4-dinitrophenylhydrazone had m.p. 
211°C. 

(found : N=14.l%. Cl,Hl,05N,S requires N=14 .Ox, and 
1 

(6) Unchanged ester : (1.0 g). 
Migration of the ester (2.3 g) a t  160°C yielded the hydroxy ketone (a) 0.2 g and the 

hydroxy ketone (b) 0.1 g and 0.8 g of the unchanged ester, r 

3-Methylphenyl thiophelze-2'-earboxylate :-(2.2 g) a t  120°C furnished : 
(a) 2-Hydroxy-&methyl or 2-hydroxy 4-methylphenyl-2'-tl1ienyl ketone, b.p. 

140°C/4 mm. 
(yield : 0.2 g ; 0.09%). 
(found : C=65.9% ; H=4.5%. Cl2Hl0O2S requires C=66.O% ; H=4.5). 

It gave a violeb colourabion with fbrric chloride and a 2 : 4-dinitrophe~ylhydraeone, 
m.p. 176°C. 

(found: : N=14*0%. Cl,Hl,05N4S requires N=14.0%). 
(b) 4-Hydroxy-2-methylphenyl-2'-thienyl ketone, b.p. 220°C/6 .mm. - 
(yield : 0.13 g ; 5.4%). - 
(found : C=66*00/, ; H=4.4%. Cl2H1,O2S requires C= 66.0% ; H=4.5%). - 

It gave no colouration with ferric chloride ; its 2 : 4 dinitrophenylhydrazone had 
m.p. 172°C. 

(found : N=14-1%. C,,Hl,06N,S requires N=14.0%), and 
(o) Unchanged esder (1.0 g). 
Migra!ion of the ester (2.2 g) a t  160°C gave tihe hydroxy ketone (a) 0.24 g, bge hydroxy 

ketone (b) 0.1 g and 1.2 g of the unchanged esber. 

4-Meth$phenyE thiop~e-2 ' -carbt~~~(t te  :- (2.2 g) a t  120°C gave : 
(a) 2-Hydroxy-5-methylphenyl-2'-thienyl ketone, b.p. 182-3"C!8 mm. A 

(yield : 0 -4 g ; 18.18%). 
(found : C=65.9% ; H=4.5%. C1,Hl,O2S requires C=66-0% ; H==4.5%). - - 
16 gave a violet colouration with ferric chloride and a 2 : 4-dinitrophenylhydrslzone - 

m.p.' 197°C. 

(found : N=13 9%. CI8Hl4O5N4S requires N=14-0%), and 
(b) Unchanged ester (1.4 g). 

Migrabion of the ester (2-2 g) a t  160°C gavethe hydroxy ketone (a) 0.2 g and 1.0 g 
of the uncban~ed ester, 
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l-N.cdp&yt , .thbpk-2'-mrbosyhte :-(2 5 g) a t  120°C yielded : I 

(a) l-Hyd+oxy-2-naphthyI-2)-t;hienyl ketone, m.p. I 107°C. 

(yield : 0.2g ; 8.0%). 

(found : C=70*2% : H=3-7%. C15H,,02S requires C=70*9% ; H= 3.9%). 

It gave a violet colouration with ferric chloride and a 2 : 4-dinitrophenylhydrazone, 
m.p. 198°C. 

. (found : N=12 8%. C21Hi405N4S requires N= 12 -9%). 

(b) 1-Hydroxy-4-naphthyl-2'-fihienyI ketone, m.p. 101°C. 
(yield : 0.1 g;  4.0%). 

(found : C=70.4% ; H=3.8%. C1,H,,O,S requires, C=70.9% ; H=3.9%). , 
It gave no colouration with ferric chloride and ibs 2 : 4-dinitrophenylhydrake had 

m.p, 205°C. 
> 

(found : N=13.0% ; CallTl4O5N4S requires W=12.9%), and - 
(c) Unchanged ester (1.4 g). 

Migration of the ester (2.5 g) a t  160°C gave the hydroxy ketone (a) 0.3 g, the hy- 
droxy ketone (b) 0.1 g and 1.2 g of the unchanged ester. 

2-Naphthyl thiophne-2'-wrboxykcte :-(2.5 g) on migration a t  120°C gave : 
(a) 2-Eydroxy-1-naphthpl-29hienyl ketone, b.p. 21S°C/7 mm. 
' (yield : 0.25 g ; 10.0%). 

(found : C=70.6% ; H= 3.8%. C,,H,,O2S requires C=70.9% ; H=3.9%), 

It gave a ~ioleb colouration with ferric chloride and a 2 : 4-dinitrophenylhydrazone, 
m.p. 206'C. . 

(found : N= 12 7%. Ca1Hl4O5N,S requires N= 12 9%). 
(b) 2-Hydroxy-Glnaphthyl-2'-bhienyl ketone, b.p. 194"C/7 mm. 
(yield : 0.1 g ; 4.0%). 
(found : C=70e7% ; H=3.7%. C15HloOzS requires C=70.90/ o J . H= 3.9%). 

Iti gave no colouration with ferric chloride and its 2 : 4-dinii~rophenylhydrazone had 
m.p. 215°C. 

(found : N=12 08%. C,,H1405N4S requires N=12.9%), and 

(0) Unohanged eskr (1 00 g). 

Migration of the e&er (2.5 g) a t  160°C furnished the hydroxy ketone (a) 0.2 g, the 
hydroxy ketone (b) 0 -1  g and 1.0 g of the unchanged ester. 
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