
STUDIES IN 1mms MJGI:tATION PART I. THE FRIES MIGRATION OF ESTERS 
01<' 7-I!YDIWXY-4-METHYLCOUMARIN 

BY v. M. TUAKOR AND N. M. SHAH 

Littlo "}'St.omatia work hAA boen done on tho Fries migration of the hydroxy ... stera of t1e con
marins. The work d~"riho<l in thiH papor wa'J therefore undertaken a.nd 7-a.cetoxy-and 7-benzoyl
oxy-4,-methykoumarh\8 have boon RllhjMtod to the Frio8 migration with a vil'w to investigating the 
effoct of variou" footo .... on tho migration. The ri!JJults show that (i) three mols. of AlC~ are necessary 
to <'ff<><'t tho migration, (ii) nitrohenzoru1 u~ a ~olvent facilitates the reaction with better yi<>lds, [iii) the 
<'hange in the t•onditionA of the rni~o~mtion fails to effect the direction of the migrating group, which 

prodoruirlently oo•mpies tho '!I' JWS!ti(Jn of the eoumnrin nucleus, a.nd (iv) tho benzoyl group requires 
a higher tomperatnro for migration. 

Sinee its disoovcry in H10H, the Frioi! migration has been extensively employed with 
the esters of mono- and poly-hydroxy ]Jhenols (i) as a method for the preparation of phenolic 
ketones and (ii) with 11 viuw to inve11tiga.Ling itH mechanism (Blatt, Chem. Rev., 1940, 27, 
418}. Little systematic work appt•arl! to havo been done on the Fries isomerisation of 
hydroxycoumarin t'Ht.('rS, though during the last few years, it has been extended to this 
'leriPs by seY('ral workers. 

Limaye and his co-wor1<erH (Her., 11):~2, 65, 375; 1934, 67, 12; RWJayanam, 1936, 
20: 1937. 93; 1938, 141 ; tn:m, 187) have carried out the Fries migration of various 
estE-rs of 7-hydroxycoumarin derivatives and in all ca.ses, obtained predominently the 
8-acyl-coumarin derivatives, in !!Orne few cases accompanied with traces of the 6-acyl 
isomer. 
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In 5-hydrox.ycoumarin aeries, different esters on being subjected to the Fries reaction 
gave 5-hyd.roxy-6-acyl-coumarin derivatives (Sethna, Shah and Shah, J. Chem. Soc., 1938, 
228; Shah and Shah, ibid., 1938, 1424; Deliwala and Shah, ibid., 1939, 1250). Desai and 
Mavani (Proc. Indian Acad. Sci., 1942, 15A, l, 10) were unsuccessful in effecting the 
Fries migration of 6-acetoxy-4-methylcoumarin. Shah and Shah (J. Indian Chern. Soc., 
1942, 19, 481) could successfully efft•ct the Frit>s migration of E'thyl 7-aoE'to~y-4-mcthyl
coumarin-3-acetate and obtained 7-hydroxy-8-acetyl-4-methylcoumarin-3-aretic acid. 
All the above transformations were carried out mainly for thl' preparation of the specific 
compounds. 

It iB well known that in Fries migration, the position, relative to t,he hydroxyl group, 
which will be occupied by the migrating acyl group dept'nds upon (i) the temperature 
at which the reaction is carried out, (ii) thl' nature of the acyl group and (iii) the phe-nol. 
The varying amount!! of the migrating agent as well as the use of the solvent also influence 
the course of the reaction. No 11ystematic work appean~ to have been done so far w 
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investigate the influence of these factors on the Fries migration of esters of hydroxy
coumarins. 

The present investigation was therefore undertaken to study the influence of the 
above factors on the course of the Fries reaction; acetyl and benzoyl derivatives of 7-
hydroxy-4-methylcoumarin were selected for the purpose. 

Effect of Aluminium Chloride.-The amount of the migrating agent is known to have 
a considerable effect on the migration (Ralst{)n et al., J. Org. Chem., 1940, 5, 645). Our 
observations also support this. With less than three moles of aluminium chloride, the 
product was exclusively 7-hydroxy-4-mcthylcoumarin in case of the acetxoy derivative, 
while some unreaetcd ester was recovered in case of the benzoyloxy derivative, along 
with the debenzoylated product and no migration product could be isolated. This clearly 
shows that at least three molecules of aluminium chloride are required for the acyl group 
to migrate; while with less amount of the same, only the cleavage product is formed. 

It is well known that aluminium <'hloride forms a{}dition complexes with compounds 
containing oxygen (Thomas, "Aluminium Chloride in Organic Chemistry", pp. 48-54). 
Since in coumarin there are 0 and CO in 'I' and '2' po~itions, which can fol"rn complexes, 
it is probable that 2 moles arc utilis('d in the complex formation. If such a complex 
formation takes place, no reaction will be ('ffected till aluminium chloride is equal to or 
less than two moles and will be complete only if the amount is three moles. 

Effect of Temperafure.-Numerous workers (Eikmann, Chem. Weekblad, 1904, 1, 453; 
1905, 2, 59, 79; Rosenmund and Rehnurr, Annalen, 1928, 460, 56} have observed t-he 
influence of temperature on the Fric>~ reaction; low temperature favouring the para migra
tion, while the higher temperature, leading to the ortho migration. In this investigation, 
the para migration is not possible, but there are two ortho positionB favourable and the 
different conditions may direct the groups differently. We find that no migration takes 
place at room temperature and the migration increases with the rise in temperature. A 
temperature as high as 130-140° is necessary for complete migration, the acyl group 
predominently occupying the 8-position of the coumarin nucleus. 

It is clear that the change in temperature has no influence on the position taken up 
by the acyl group. Further, the increase of temperature has little effect when the 
amount of aluminium chloride is less than 3 moles. It was also observed that actually 
the reaction is over within 15 to 20 minutes, because the evolution of HCI gas wa.a 
vigorous during that period after which it slowed down. 

Influence of Solvent.-Literature shows conflicting views about the role played by 
a solvent in determining the course of the reaction. Some think that the solvent may 
effect the t;ase and extent of the reaction but has little effect in directing the migration 
in a particular position (Baltzly and Bass, J. A mer. Chem. Soc., 1933, 55, 4292; Fieser and 
Bradsher, ibid., 1936, 58, 1738, 2337); others are of the opinion that solvent has pro
found influence (Ralston et al, loc. cit.). We found that nitrobenzene as solvent had 
made the reaction smooth and rapid with an improvement in the yield of the product. 
However, it had little effect when aluminium chloride was lells than 3 moles, nor did it 
exert any influence in directing the migrating group. 

Nature of the Acyl groUp.-That the rate of migration varied with different acyl 
groups has long been observed (Rosenmund and Schnurr, 1oc. cit,; Baltzly and Baas, 
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lo(J. cit.). We find that the acetyl group is easily split off the oxygen atom while the 
benzoyl is rather firmly held. Further, the benzoyl group requires a higher temperature 
for migration -than the acetyl group. 

In all cases, it was observed that the main product of the Fries reaction was 7-hydroxy. 
4-methyl-8-aeyl-eoumarin, a trace of 6-acyl isomer being obtained in the case of the acetyl 
derivative and that only in few cases. The benzoyl derivative gave in no case the 6-
bcnzoyl derivative even in a trace. The change of conditions failed to change the course 
of the reaction, proving that the ' 8 ' position is more reactive than ' 6.' This reactivity 
can be explained on the theory of 'Fixation of Double Bonds' first advanced by Mills 
and Nixon (J. Ohem. Soc., 1930, 2510). The migrating group attaches to that C atom 
which is bound by a double bond with the C atom bearing the hydroxyl group. 

EXPERIMENTAL 

7-Acctoxy- and 7-bemmyloxy-4-methylcoumarins were prepared according to Pooh
mann and DuiHberg from .13-mcthyiumbellifcrrone (Ber., 1883, 16, 2124). 

General Method of carryi'fl{f out the Fries _11-fiqration. (i} In Nitrobenzen.e as a Solvent.

Thc ester was dissolvl·d in the dry solvent; a solution of anhydrous aluminium chloride 
in the same solv<:>nt was added. The mixture protected from moisture (CaCI2 -guard tube) 
wa9 left at room temperature or heated to the required temperature for a definite period. 
It wa.'i thPn decomposPd by ice and lfCI. Nitrobenzene was removed by steam distillation. 
The rt>sidual solid, if any, as well as the product obtained on cooling the liquid, wero 
examined. 

(ii) Without a 8olvent.-Thc powdered ester was intimately mixed with aluminium 
chloride and the mixture heated to the required temperature for a defin~tc period. It 
was then cooled ; ice and HCI added and the solid obtained investigated. 

The results of the various experiments are tabulated for the sake of brevity. In 
all the experiments, the reaction was canied out with 4.5 g. of coumarin ester for the 
sake of uniformity. Table I describes the Fries migration of the acetyl derivative 
and Table II describes the Fries migration of the benzoyl d<:>rivative under different 
conditions. 

TABLE I 
Fries migration of 7 -acetoxy-4-methylcoumarin 

Solvent. 

Nitrobenzene 
(60 c.c.) 

2 (30 c.c.) 
3 (60 c.c.) 
4 (30 c.c.) 
5 (60 c.a.) 
6 (30 c.c.) 
7 , (60 c.o.) 
8 No eolvent 
9 

Temp. 

25-27. 

70" 

130-40" 

Time. 

24hr. 

6 
6 
4 
4 
1 
I 
l 

10 
ll 
12 

1 
1 

Nitr;benzene (30c.c,f !i5-27" 24 
, (50 c.c.) , 24 

l. No unree.ctod ester was recovered. 

Amount of 
AICJ3 (in 

moles) 

3.3 

l.l 
3.3 
l.l 
3.3 
1.1 
3.3 
1.1 
2.2 
3.3 
1.1 

2.2 

Deacety-
Je.ted 

7-hydroxy-
4-methyl
cownarin 

2.5g. 

3.0 
2.5 
3.0 
2.0 
3.0 
0.2 
3.0 
3.0 
0.5 
3.0 
3.0 

P r ad u c t-
7-Hydroxy- 7-Hydroxy· 
S-acetyl-4- 6-a.cetyl 
methyl- 4-metbyl-
coumarin coumarin 

(in g.) (in g.) 
Indication 

Traces 

0.5 

3.0 Tra.oes 

2.5 Traces 

2. Amount of AIC13 used was 10% excoaa to account for inert ingredients 
6--r6o7P-s 
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Solvent. 

Nitrobenzene 
(60 c.c.) 

2 (60 c.c.) 
3 (60 c.c.) 
4 (30 c.c.) 
5 , (60 c.c.) 
6 No oolvent 
7 Nitrobenzene 

(30 c.c.) 
8 ., (60 c.c.) 
9 No solvent 

~? Nit{-;,benzene 
(30 c.o.) 

12 (30 c.c.) 
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TABLE II 

Fries migration of 7 -ben'iloyloxy-4-me!hylcoumarin 

Temp. 

25-27. 
70 

IOO 
I30-40 

25-27 
70 

Time 

24 hrs. 

6 
4 
1 
1 
1 
I 

1 
I 
I 

24 

6 

Unreacted 
7-benzoyl-
oxy 4-

Amount of methyl-
AlCl3 (in 
moles) 

coumarin 

2.5 g. 
3.3 

3.3 2.0 
3.3 1.5 
1.1 2.0 
3.3 1.0 
3.3 1.2 
1.1 1.2 

3.3 
LI 2.0 
3.3 
l.l 2.5 

1.1 2.2 

l. No 7-hydroxy-4-methyl-6-benzoylcoumarin could be isolated. 

Product. 
Debenzoy- 7-Hydroxy-
lated 7- 4-methyl-
hydroxy-4- 8-benzoyl-

methyl- coum.arin 
coumarin 

0.8g. 

1.2 Indication 
1.0 0.5g. 
1.0 
0.5 1.:1 
0.7 1.0 
1.5 

0.2 3.0 
1.0 
0.4 2.5 
0.7 

l.O 

2. 7:Hydroxy-4-methyl-8-benzoylcoumarin gives dark red colouration with alcoholic ferric chloride 

characteristic of the compounds with -OH and -CO.R groups in ortho-positions. Li.maye (Ber., 1934, 
67, 12; R<Uayanam, 1937, 80) mentions that this compound does not give colouration with ferric chloride. 
This is probably due to the fact that this compound is sparingly soluble in alcohoL 
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