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Synthesis of 1-tetralones by intramolecular Friedel–Crafts
reaction of 4-arylbutyric acids using Lewis acid catalysts
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Abstract—Intramolecular Friedel–Crafts reaction of 4-arylbutyric acids efficiently proceeded in the presence of catalytic amounts
of Lewis acids such as Bi(NTf2)3 and M(OTf)3 (M=Bi, Ga, In and rare-earth metals) to form 1-tetralones. Chroman-4-one and
thiochroman-4-one were also obtained in good yields from 3-phenoxypropionic acid and 3-phenylthiopropionic acid, respectively.
© 2003 Elsevier Science Ltd. All rights reserved.

1-Tetralones are important intermediates for the prepa-
ration of pharmaceuticals1 and also found in natural
products.2 One of the most important methods to pre-
pare 1-tetralones is intramolecular Friedel–Crafts reac-
tion of 4-arylbutyric acids or 4-arylbutyryl chlorides.

The direct dehydrative cyclization of 4-arylbutyric acids
is preferable to the cyclization via acid chlorides3

because the former reaction formally produces only
water as a by-product, which meets recent requirement
for environmentally benign chemical processes. How-

Table 1. Cyclization of 4-phenylbutyric acid in the presence of Lewis acid catalystsa

Yield (%)bSolventEntry Temp. (°C)Cat. (mol%) Time (h)

Bi(OTf)3 (10) Toluene 90 201 8
2 Trace2090TolueneBi(NTf2)3 (10)

20Reflux 51TolueneBi(OTf)3 (10)3
Bi(NTf2)3 (10) Toluene Reflux 204 59
Bi(OTf)3 (1) Toluene5 180 7 74

6 Bi(NTf2)3 (1) Toluene 180 7 97
Quant.7.51807 p-XyleneBi(NTf2)3 (1)

Bi(NTf2)3 (0.1) p-Xylene8 180 42 86
Trace7180DecaneBi(NTf2)3 (1)9
TraceDecalin 18010 7Bi(NTf2)3 (1)

6p-Xylene 180 011 AlCl3 (3)
5712 Ga(OTf)3 (1) p-Xylene 180 7

13 80In(OTf)3 (1) 7p-Xylene 180
71180p-XyleneSc(OTf)3 (1)14 10

La(OTf)3 (10) p-Xylene15 180 6 67
90718016 p-XyleneNd(OTf)3 (1)
9617 7Sm(OTf)3 (1) 180p-Xylene

Eu(OTf)3 (10) p-Xylene 180 6 5018
39p-Xylene19 180Yb(OTf)3 (1) 7

a The reaction was performed using 0.25 mmol of 4-phenylbutyric acid in 2 mL of solvent. Entries 5–19 were conducted in a sealed glass tube.
b GC yield using dodecane as an internal standard.
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ever, the direct cyclization has been performed by using
an excess of protic acids (often as solvents) such as
sulfuric acid,4 polyphosphoric acid (PPA),5 polyphos-
phate ester (PPE),6 methanesulfonic acid,7 and hydro-
gen fluoride,8 and therefore forms large amount of acid
wastes after the reaction. To the best of our knowledge,
only two catalytic examples, reactions using Nafion-H9

and zeolites,10 are known. Here we report that Lewis
acids such as Bi(NTf2)3 and M(OTf)3 (M=Bi, Ga, In
and rare-earth metals) efficiently catalyze the cycliza-
tion of 4-arylbutyric acids.

First we studied the cyclization of 4-phenylbutyric acid
(1) using Bi(OTf)3 because it was known to catalyze
Friedel–Crafts reaction of acid chlorides and acid anhy-
drides efficiently.11 The reaction was found to be highly
dependent on the reaction temperature and 1-tetralone
(2a) was obtained in a good yield at 180°C by using
only 1 mol% of catalyst (Table 1, entries 1, 3, 5).
Bi(NTf2)3

12 was more efficient than Bi(OTf)3 and gave
2a quantitatively at 180°C in p-xylene (Table 1, entry
7). Even 0.1 mol% of Bi(NTf2)3 afforded 2a in a good
yield although a longer reaction time was required
(Table 1, entry 8). The cyclization did not proceed in
aliphatic hydrocarbon solvents such as decane and
decalin (Table 1, entries 9–10).

As expected, a catalytic amount of AlCl3 did not pro-
mote the reaction at all in p-xylene at 180°C (Table 1,
entry 11). On the other hand, various metal triflates
those are known to catalyze Friedel–Crafts acylation
reactions of acid chlorides and anhydrides11c,13 also
catalyzed the cyclization of 1 (Table 1, entries 12–19);
in particular, Sm(OTf)3 (1 mol%) afforded 2a almost
quantitatively.

Table 2 summarizes the scope and limitation of the
dehydrative cyclization using Bi(NTf2)3.14,15 4-Aryl-
butyric acids with electron-donating substituents on the
aromatic ring were easily cyclized in p-xylene at 180°C
(Table 2, entries 1–4). In the case of 4-(4-
iodophenyl)butyric acid, a small amount of by-product
derived from the intermolecular reaction of the carb-
oxylic acid with p-xylene used as solvent. Therefore, in
the case of less-reactive substrates, chlorobenzene was
used as solvent to minimize the reaction involving the
solvent. The cyclization of 4-(4-fluorophenyl)- and 4-(4-
iodophenyl)butyric acids efficiently proceeded at 200°C
(Table 2, entries 5–6). It was reported that 4-(3,4-
difluorophenyl)- and 4-(3,4-dichlorophenyl)butyric
acids did not efficiently cyclize under the conventional
conditions using PPA and 1-tetralones 2h and 2i were
obtained in 39 and 36% yields, respectively,5b while the
cyclization of them using 5 mol% of Bi(NTf2)3 gave 2h
and 2i in good yields (Table 2, entries 7–8). Likewise
the cyclization of 4-(4-trifluoromethylphenyl)butyric
acid using PPA or PPE was reported not to give
1-tetralone 2j at all and the cyclization of 4-(4-tri-
fluoromethylphenyl)butyryl chloride using an excess of
AlCl3 afforded 7-trichloromethyl-1-tetralone, instead of
2j, in 33% yield,5b while the present method furnished
the desired tetralone 2j in 46% yield (Table 2, entry 9).

Table 2. Synthesis of 1-tetralones and related cyclic
ketonesa

Cyclization of heteroarylbutyric acids, 4-(2-thienyl)-
butyric acid and 4-(3-indolyl)butyric acid, also pro-
ceeded efficiently (Table 2, entries 10–11).

Cyclization of 3-phenoxypropionic acid (3a) and 3-(4-
chlorophenylthio)butyric acid (3b) to form chroman-4-
one and thiochroman-4-one, respectively, was also
efficiently promoted by Lewis acids (Table 3). Only 1
mol% of Bi(NTf2)3 was effective for both 3a and 3b
(Table 3, entries 1 and 8). Cyclization of 3a with
Ga(OTf)3 was slightly faster but less clean than that
with Bi(NTf2)3, and prolonged heating decreased the
yield of 4a (Table 3, entries 2–3). Although Eu(OTf)3

was less efficient than Bi(NTf2)3, an increase in the
amount of the catalyst afforded 4a quantitatively
(Table 3, entries 6–7). Sm(OTf)3, which was very effec-
tive for the cyclization of 1, was not suitable for the
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Table 3. Synthesis of chroman-4-one and thiochroman-4-onea

Cat. (mol%) Temp. (°C)Entry Time (h)3a/3b Yield (%)b

1 3a Bi(NTf2)3 (1) 180 20 80
Ga(OTf)3 (1) 1803a 42 64

3a3 Ga(OTf)3 (1) 180 9 58
Sc(OTf)3 (1) 1804 203a 60
La(OTf)3 (10) 1803a 275 83
Eu(OTf)3 (1) 1806 203a 58
Eu(OTf)3 (10) 1803a 147 98

3b8 Bi(NTf2)3 (1) 200 7 87
In(OTf)3 (1) 2003b 209 46

3b10 Sm(OTf)3 (1) 200 9 Trace
Sm(OTf)3 (10) 20011 203b 27
Yb(OTf)3 (1) 2003b 2012 24
Yb(OTf)3 (10) 200 7 9813 3b

a The reaction was performed using 0.25 mmol of carboxylic acids in 2 mL of PhCl in a sealed glass tube.
b GC yield using dodecane as an internal standard.

cyclization of 3b, while 10 mol% of Yb(OTf)3 afforded
4b quantitatively (Table 3, entries 10–13).

In summary, 1-tetralones and related cyclic ketones
were efficiently synthesized by the intramolecular
Friedel–Crafts acylation reaction of 4-arylbutyricacids
and related carboxylic acids using catalytic amounts of
Lewis acids such as Bi(NTf2)3 and M(OTf)3 (M=Bi,
Ga, In and rare-earth metals).
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180°C for 7 h in a sealed glass tube. After the addition of
dodecane (20 �L, an internal standard for GC analysis),
the mixture was analyzed by GC to show the formation
of 2a in 97% yield. Then the mixture was diluted with
EtOAc (10 mL) and washed with a saturated NaHCO3

solution (10 mL). The organic layer was separated and
the aqueous layer was extracted with EtOAc (10 mL×3).
The combined organic layer was washed with brine (15
mL), dried over MgSO4, filtered and concentrated under
vacuum. The residue was separated by column chro-
matography on silica gel (hexane/EtOAc=10/1) to give
2a (32 mg, 88% yield).

15. Selected data for new compounds: 7-iodo-1-tetralone
(2g): yellow solid; mp 59.5–60°C; 1H NMR (499.1 MHz,
CDCl3): � 2.11–2.17 (m, 2 H), 2.65 (t, J=6.7 Hz, 2 H),

2.91 (t, J=6.1 Hz, 2 H), 7.02 (d, J=7.9 Hz, 1 H), 7.77
(dd, J=7.9 Hz, 1.8 Hz, 1 H), 8.35 (d, J=1.8 Hz, 1 H);
13C NMR (125.4 MHz, CDCl3): � 23.01, 29.33, 38.84,
91.68, 130.85, 134.25, 136.16, 141.97, 143.82, 196.99.
Anal. calcd for C10H9IO: C, 44.14; H, 3.33. Found: C,
44.37; H, 3.11. 7-Trifluoromethyl-1-tetralone (2j): color-
less oil; bp 95°C (2 mmHg, oven temperature for bulb-to-
bulb distillation); 1H NMR (499.1 MHz, CDCl3): �

2.15–2.21 (m, 2 H), 2.71 (t, J=6.7 Hz, 2 H), 3.04 (t,
J=6.1 Hz, 2 H), 7.40 (d, J=7.9 Hz, 1 H), 7.70 (dd,
J=7.9 Hz, 1.8 Hz, 1 H), 8.31 (s, 1 H); 13C NMR (125.4
MHz, CDCl3): � 22.85, 29.64, 38.88, 123.81 (q, J=272
Hz), 124.40–124.50 (m), 129.31 (q, J=33 Hz), 129.43–
129.52 (m), 129.63, 132.86, 147.96, 196.97. Anal. calcd for
C11H9F3O: C, 61.68; H, 4.24. Found: C, 61.87; H, 4.00.
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