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Indium(III) bromide catalyzed cleavage of cyclic and acyclic ethers:
An efficient and practical ring opening reaction
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bstract
Ethers undergo smooth cleavage with acyl chloride in the presence of catalytic amount of indium(III) bromide under mild conditions to give the
orresponding halo esters. This new procedure offers significant advantages, such as high conversions, short reaction times and enhanced selectivity
ogether with mild reaction conditions.

2007 Elsevier B.V. All rights reserved.
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The cleavage of ethers is a versatile reaction in organic
ynthesis, mainly in degradation or transformation of complex
olecules especially in biologically active natural products,

uch as carbohydrates and macrolide antibiotics. Particularly,
liphatic, benzylic and allylic ethers are frequently used as
rotecting groups for hydroxyl functions [1] and subsequent
leavage is a very interesting route to polyfuntional molecules
seful in organic synthesis [2]. As a result, the cleavage of ethers
ith acyl chloride has been reported using Lewis acids, such

s SmI2 [3], ZnCl2 [4], FeCl3 [5], Mo(CO)6 [6], MoCl5 [7],
dCl2(PPh3)2 [8], CoCl2 [1], NaI [9], lanthanide salts [10], Zn
11], graphite [12], aluminum complexes [13] and others [14].
owever, many of these methods often involve the use of toxic
r expensive reagents and the formation of mixture of products
esulting in low yields. Therefore, the development of simple,
onvenient and practical procedures for the cleavage of cyclic
nd acyclic ethers continues to be a challenging endeavor in
ynthetic organic chemistry. Recently, there have been consid-
rable interest on the catalytic use of indium(III) halides [15]
n organic synthesis. Due to their unique catalytic properties,

ndium(III) bromide have been widely used for a variety of
rganic transformations [16]. Particularly, indium tribromide is
ound to be a more effective catalyst than conventional Lewis
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cids in promoting various transformations, including glycosi-
ation, thioacetalization, cyanation of ketones and conjugate
ddition reactions. However, there have been no reports on the
se of indium(III) halides for the cleavage of cyclic and acyclic
thers with acyl chloride under solvent-free conditions.

In continuation of our interest on the catalytic application
f indium halides [17], we disclose herein a mild, efficient and
ractical methodology for the cleavage of cyclic and acyclic
thers with acyl chloride using indium(III) bromide as the novel
atalyst under solvent-free conditions. Initially, we attempted
he cleavage of tetrahydrofuran (1) with acetyl chloride (2) in
he presence of indium(III) bromide. The reaction went to com-
letion within 2.5 h and the product (3a) was obtained in 89%
ield (Scheme 1).

Encouraged by the results obtained with tetrahydrofuran and
cetyl chloride, we turned our attention to various acyl chlorides.
nterestingly, several acyl chlorides, such as benzoyl chloride, 3-
ethyl-, 2-chloro-benzoylchloride and the acid chloride derived

rom cyhalothrin involved in the cleavage of tetrahydrofuran to
fford the corresponding halo esters in excellent to good yields
entries b–d, Table 1). Like tetrahydrofuran, several other cyclic
nd acyclic ethers are cleaved by a range of acyl chlorides to
fford the corresponding halo esters in good yields (entries f–l,

cheme 2, Table 1).

The probable mechanism seems to be the activation of car-
onyl group of acyl chloride, by indium tribromide and a
ubsequent attack of furan onto activated carbonyl group. This
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Scheme 1.
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Scheme 2.

acilitates an intramolecular attack of leaving chloride ions onto
he electronically deficient carbon of tetrahydrofuran moiety
hich would result in the required product (Scheme 3).
In all cases, the reactions proceeded rapidly at room tempera-

ure with high efficiency. In the absence of catalyst, no cleavage
as observed between ethers and acyl chloride. Among various

ndium(III) salts such as InCl3, In(ClO4)3 and In(OTf)3 tested,
nBr3 was found to be the most effective for this cleavage in
he terms of reaction rates and yields. The scope and generality
f this process is illustrated with respect to various cyclic and
cyclic ethers and acyl chlorides and the results are presented in
able 1.

In summary, we have described a simple, convenient, efficient
nd practical method for the cleavage of cyclic and acyclic ethers
ith acyl chloride using indium(III) bromide as the novel cat-

lyst under solvent-free conditions. This method offers several
ignificant advantages, such as high conversions, easy handling
nd high catalytic nature of indium compounds, solvent-free
onditions, cleaner reaction profiles and short reaction times
hich makes it a useful and attractive process for the rapid

leavage of cyclic and acyclic ethers in a single-step operation.
Column chromatography was performed using silica gel

0–120 mesh. All solvents were dried and distilled prior to use.
R spectra were recorded on a Perkin-Elmer Infrared spectropho-
ometer as KBr wafers, neat or in CHCl3, as a thin film. 1H
MR were recorded on a Varian Gemini 200 or Bruker Avance
00 or Varian Unity 400 instrument using TMS as an internal
tandard. Mass spectra were recorded on micromass Quatro LC
riple quadrupole mass spectrometer for ESI analysis.

General procedure for cleavage of THF, ethers and epoxides:
mixture of 0.5 g (6.90 mmol) of tetrahydrofuran and 0.229 g

0.69 mmol) of cyhalothrin acid chloride was taken in a round
ottom flask, catalytic amount of InBr3 (10 mol%) was added.
he reaction mixture was stirred at room temperature under
itrogen atmosphere for an appropriate time (Table 1). After
ompletion of the reaction as indicated by TLC, the reaction mix-

ure was quenched with saturated sodium bicarbonate (15 ml)
nd extracted with ethyl acetate (2 × 15 ml). Evaporation of the
olvent followed by purification on silica gel chromatography
Merck, 60–120 mesh ethyl acetate-hexane, 0.5–9.5) afforded

Scheme 3.
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ure ester derivative. The products were characterized by IR,
H NMR spectroscopy and physical constants. All the products
3a–l) were prepared by the same procedure.

(3a) 4-Chlorobutyl acetate—liquid, IR (KBr): υmax 2924,
853, 1724, 1632, 1459, 1379, 1272, 1114, 711 cm−1. 1H
MR (CDCl3, 300 MHz): δ 4.08 (t, J = 6.0 Hz, 2H), 3.54 (t,
= 6.0 Hz, 2H), 2.03 (s, 3H), 1.90–1.74 (m, 4H). ESI/MS: m/z
73 [M + Na]+, 160.9, 151, 141, 135, 129.1, 103, 63.2.

(3b) 4-Chlorobutyl benzoate—liquid, IR (KBr): υmax 3065,
958, 1719, 1601, 1584, 1491, 1451, 1386, 1314, 1275, 1176,
115, 1070, 1026, 712, 651 cm−1. 1H NMR (CDCl3, 300 MHz):
8.02–7.99 (m, 2H), 7.56–7.50 (m, 1H), 7.41 (t, J = 7.5 Hz, 2H),
.35 (t, J = 6.0 Hz, 2H), 3.59 (t, J = 6.0 Hz, 2H), 1.99–1.90 (m,
H). ESI/MS: m/z 235 [M + Na]+, 220.9, 181, 173, 103, 79, 63.2.

(3c) 4-Chlorobutyl 3-methylbenzoate—IR (KBr):υmax 3019,
930, 2160, 1728, 1630, 1440, 1360, 1280, 1050, 930 cm−1. 1H
MR (CDCl3, 200 MHz): δ 7.80 (m, 2H), 7.20–7.40 (m, 2H),
.35 (t, 2H, J = 2.8 Hz), 3.6 (t, 2H, J = 2.8 Hz), 2.40 (s, 3H),
.90–2.10 (m, 4H). ESI/MS: m/z 226 (M+), 191, 136, 119, 91,
5.

(3d) 4-Chlorobutyl-3-[(E)-2-chloro-3,3,3-trifluoro-1-
ropenyl]-2,2-dimethyl-1-cyclopropanecarboxylate—liquid,
R (KBr): υmax 3079, 2961, 1727, 1654, 1453, 1416, 1275,
201, 1140, 1087, 955, 772 cm−1. 1H NMR (CDCl3, 300 MHz):
6.90 (d, J = 9.4 Hz, 1H), 4.10 (t, J = 5.8 Hz, 2H), 3.55 (t,

= 5.8 Hz, 2H), 2.14 (t, J = 9.4 Hz, 1H), 1.95–1.82 (m, 5H),
.30 (d, J = 3.6 Hz, 6H). ESI/MS: m/z 334 (M + 1), 301, 279,
05, 149, 116, 107, 69, 57.

(3e) Allyl-2-chlorobenzoate—liquid, IR (KBr): υmax 2926,
732, 1648, 1592, 1508, 1470, 1436, 1360, 1291, 1248, 1120,
048, 966, 932, 748, 647 cm−1. 1H NMR (CDCl3, 200 MHz):
7.85–7.81 (m, 1H), 7.46–7.22 (m, 3H), 6.12–5.93 (m, 1H),

.48–5.27 (m, 2H), 4.82 (d, J = 5.1 Hz, 2H). ESI/MS: m/z 218.9
M + Na]+, 181, 139, 63.2.

(3f) Allyl benzoate—liquid, IR (KBr): υmax 3068, 2926,
722, 1646, 1602, 1450, 1360, 1270, 1174, 1112, 1069, 1024,
71, 932, 711 cm−1. 1H NMR (CDCl3 300 MHz): δ 8.06–8.02
m, 2H), 7.52 (tt, J = 1.3, 7.3, 14.7 Hz, 1H), 7.40 (tt, J = 1.3, 7.5,
4.9 Hz, 2H), 6.08–5.95 (m, 1H), 5.40 (qd, J = 1.7, 3.2, 17.1 Hz,
H), 5.20 (dq, J = 1.3, 2.6, 10.3 Hz, 1H), 4.79 (td, J = 1.3, 2.8,
.6 Hz, 2H). ESI/MS: m/z 185.1 [M + Na]+, 142.9, 103.0, 63.2.

(3g) 3-Phenylpropyl benzoate—liquid, IR (KBr): υmax 3063,
925, 1718, 1602, 1495, 1452, 1387, 1313, 1273, 1175, 1114,
069, 1025, 748, 709 cm−1. 1H NMR (CDCl3, 200 MHz): δ

.04–8.0 (m, 2H), 7.59–7.38 (m, 3H), 7.30–7.39 (m, 5H), 4.34
t, J = 7.0 Hz, 2H), 2.80 (t, J = 7.0 Hz, 2H), 2.11 (quin, J = 7.8,
4.8 Hz, 2H). ESI/MS: m/z 263 [M + Na]+, 241, 220.9, 181, 63.2.

(3h) 3-Phenylpropyl-2-chlorobenzoate—liquid, IR (KBr):
max 3063, 2925, 1729, 1593, 1495, 1436, 1384, 1291, 1250,
124, 1047, 960, 911, 747, 698, 649 cm−1. 1H NMR (CDCl3,
00 MHz): δ 7.82–7.77 (m, 1H), 7.48–7.12 (m, 8H), 4.35 (t,
= 6.2 Hz, 2H), 2.81 (t, J = 7.0 Hz, 2H), 2.18–2.04 (m, 2H).
SI/MS: m/z 297 [M + Na]+, 274.9, 220.9, 181, 141, 63.2.
(3i) 2-Propynyl benzoate—liquid, IR (KBr): υmax 3298,
066, 2925, 2854, 1724, 1602, 1451, 1370, 1314, 1269, 1176,
105, 1070, 1024, 981, 928, 759, 711, 677, 639, 566 cm−1. 1H
MR (CDCl3 300 MHz): δ 8.07–8.03 (m, 2H), 7.54 (tt, J = 1.5,
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Table 1
Indium(III) bromide catalyzed cleavage of ethers

Entry Ether 1 Acyl chloride 2 Producta 3 Time (h) Yield (%)b

a 2.5 89

b 3.5 87

c 4.0 91

d 3.5 82

e 2.5 86

f 3.5 85

g 4.0 78

h 2.5 87

i 3.0 83

j 3.5 85

k 2.0 80

l 2.5 84

a All products were characterized by 1H NMR, IR spectra and mass spectrometry.
b Yields obtained after column chromatography.
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.5, 15.1 Hz, 1H), 7.42 (t, J = 7.5 Hz, 2H), 4.89 (d, J = 2.2 Hz,
H), 2.44 (t, J = 2.2 Hz, 1H). ESI/MS: m/z 183.1 [M + Na]+,
41.0, 115.1, 103.0, 63.2.

(3j) 2-Propynyl-2-chlorobenzoate—white crystalline solid,
.p. = 52–55 ◦C. IR (KBr): υmax 2928, 2856, 1728, 1460, 1375,

214, 1147, 1101, 1037, 918, 724 cm−1. 1H NMR (CDCl3,
00 MHz): δ 7.90–7.85 (m, 1H), 7.47–7.25 (m, 3H), 4.90 (d,
= 2.1 Hz, 2H), 2.46 (t, J = 2.1 Hz, 1H). ESI/MS: m/z 216.9

M + Na]+, 195, 181, 141.9, 63.2, 59.3.
(3k) 2-Chloro-1-(chloromethyl)ethyl acetate—liquid, IR

KBr): υmax 2924, 2854, 1742, 1632, 1460, 1382, 1214, 1044,
61 cm−1. 1H NMR (CDCl3 200 MHz): δ 5.12 (quin, J = 5.2,
.8 Hz, 1H), 3.72 (d, J = 4.5 Hz, 4H), 2.12 (s, 3H). ESI/MS: m/z
92.9 [M + Na]+, 187.0, 174.9, 141.0, 121.0, 102.2, 63.1.

(3l) Ethyl-2-chlorobenzoate—liquid, IR (KBr): υmax 3072,
983, 2935, 2873, 1731, 1593, 1473, 1436, 1389, 1366, 1293,
252, 1116, 1051, 854, 748 cm−1. 1H NMR (CDCl3, 400 MHz):
7.76 (d, J = 7.2 Hz, 1H), 7.43–7.22 (m, 3H), 4.39 (q, J = 7.2 Hz,
H), 1.40 (t, J = 7.2 Hz, 3H). ESI/MS: m/z 185 (M + 1), 177, 157,
49, 139, 127, 116, 103, 88.

cknowledgements

UD and MKG thank CSIR, New Delhi and PMKR thanks
GC, New Delhi for the research fellowships.

eferences

[1] J. Iqbal, R.R. Srivastava, Tetrahedron 47 (1991) 3155, references cited
therein.

[2] (a) R. Amouroux, A. Slassi, C. Saluzzo, Heterocycles 36 (1993) 1965;
(b) R. Amouroux, S. Ejjiyar, Tetrahedron Lett. 32 (1991) 3059;
(c) J.-E. Nystrom, T.D. McCanna, P. Helquist, R. Amouroux, Synthesis
(1888) 56;

(d) Y. Guindon, M. Therien, Y. Girard, C. Yoakim, J. Org. Chem. 52 (1987)
1680;
(e) Y. Guindon, P.C. Anderson, Tetrahedron Lett. 28 (1987) 2485.

[3] D.W. Kwon, Y.H. Kim, J. Org. Chem. 67 (2002) 9488.
[4] J.B. Cloke, F.J. Pilgrim, J. Am. Chem. Soc. 61 (1939) 2667.
lysis A: Chemical 271 (2007) 266–269 269

[5] B. Ganem, V.R. Small Jr., J. Org. Chem. 39 (1974) 3728.
[6] H. Alper, C.-C. Huang, J. Org. Chem. 38 (1973) 64.
[7] Q. Guo, T. Miyaji, G. Gao, R. Hara, T. Takahashi, J. Chem. Soc., Chem.

Commun. (2001) 1018.
[8] I. Pri-Bar, J.K. Stille, J. Org. Chem. 47 (1982) 1215.
[9] (a) A. Oku, T. Harada, K. Kita, Tetrahedron Lett. 23 (1982) 681;

(b) P. Mimero, C. Saluzzo, R. Amourous, Tetrahedron Lett. 35 (1994)
1553.

10] Y. Taniguchi, S. Tanaka, T. Kitamura, Y. Fujivara, Tetrahedron Lett. 39
(1998) 4559.

11] S. Bhar, B.C. Ranu, J. Org. Chem. 60 (1995) 745.
12] Y. Suzuki, M. Matsushima, M. Kodomari, Chem. Lett. (1998) 319.
13] L. Green, L. Hemeon, R.D. Singer, Tetrahedron Lett. 41 (2000) 1343.
14] (a) J.S. Yadav, B.V.S. Reddy, P.M.K. Reddy, M.K. Gupta, Tetrahedron Lett.

46 (2005) 8493–8495;
(b) F. Machrouhi, J.-L. Namy, H.B. Kagan, Tetrahedron Lett. 38 (1997)
7183;
(c) J. Souppe, J.-L. Namy, H.B. Kagan, Tetrahedron Lett. 25 (1984) 2869;
(d) D.J. Goldsmith, E. Kennedy, R.G. Campbell, J. Org. Chem. 40 (1975)
3571.

15] (a) For review see: V. Nair, S. Ros, C.N. Jayan, B.S. Pillai, Tetrahedron 60
(2004) 1959;
(b) G. Tocco, M. Begala, G. Delogu, C. Picciau, G. Podda, Tetrahedron
Lett. 45 (2004) 6909;
(c) M. Bandini, P. Giorgio Cozzi, P. Melchiorre, A. Umani-Ronchi, Tetra-
hedron Lett. 42 (2001) 3041;
(d) M.A. Ceschi, L.A. Felix, C. Peppe, Tetrahedron Lett. 41 (2000) 9695;
(e) M. Bandini, P. Giorgio Cozzi, M. Giocomini, P. Melchiorre, S. Selva,
A. Umani-Ronchi, J. Org. Chem. 67 (2002) 3700.

16] (a) N. Sakai, K. Annaka, T. Konakahara, Tetrahedron Lett. 47 (2006)
631;
(b) M.A.P. Martins, M.V.M. Teixeira, W. Cunico, E. Scapin, R. Mayer,
C.M.P. Pereira, N. Zanatta, H.G. Bonacorso, C. Peppe, Y.-F. Yuan, Tetra-
hedron Lett. 45 (2004) 8991;
(c) J.S. Yadav, B.V.S. Reddy, G. Bhaishya, Green Chemistry 5 (2003) 264;
(d) J.S. Yadav, B.V.S. Reddy, K.V. Rao, K. Saritha Raj, A.R. Prasad, S.
Kiran Kumar, A.C. Kunwar, P. Jayaprakash, B. Jagannath, Angew. Chem.
Int. Ed. 42 (2003) 5198;
(e) N. Sakai, K. Annaka, T. Konakahara, J. Org. Chem. 71 (2006) 3653.
44 (2003) 6055;
(b) J.S. Yadav, B.V.S. Reddy, A.K. Raju, C.V. Rao, Tetrahedron Lett. 43
(2002) 5437;
(c) J.S. Yadav, B.V.S. Reddy, Synthesis (2002) 511.


	Indium(III) bromide catalyzed cleavage of cyclic and acyclic ethers: An efficient and practical ring opening reaction
	Acknowledgements
	References


