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Highly efficient ring opening reactions of epoxides with
deactivated aromatic amines catalyzed by heteropoly

acids in water
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Abstract—Heteropoly acid was found to be an effective and efficient catalyst for the ring opening reaction of epoxides with various aromatic
amines to produce the corresponding b-amino alcohols in moderate to excellent yields in water. This method provides a new and efficient
protocol in terms of mild reaction conditions, clean reaction profiles, small quantity of catalyst, and simple work-up procedure.
� 2006 Published by Elsevier Ltd.
1. Introduction

It is highly desirable to carry out organic reactions in water
from an environmental perspective.1 On the other hand,
heteropoly acids (HPAs) such as tungstophosphoric acid and
molybdatophosphoric acid are environment-friendly and
economically feasible solid acids due to several advantages
such as high catalytic activities and reactivities, ease of
handling, cleaner reactions in comparison to conventional
catalysts (less waste production), non-toxicity and experi-
mental simplicity.2 Therefore, organic reactions in water,
using a very small quantity of heteropoly acid catalysts will
be an ideal methodology, providing that the catalysts show
high catalytic activity.

b-Amino alcohols are important organic compounds of
considerable use in medicinal chemistry and as unnatural
amino acids and chiral auxiliaries.3,4 The most practical
and widely used route for synthesizing these compounds is
the direct aminolysis of epoxides at elevated temperature
with excess of amine.5 However, this methodology suffers
from one or more disadvantages such as high temperature,
stoichiometry and moisture sensitive catalyst and hazardous
organic solvents. In addition, almost all procedures for the
preparation of b-amino alcohols reported so far are restricted
to simple aromatic and aliphatic amines and that of
deactivated aromatic amines has not been reported in water
so far.6
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2. Results and discussion

As a part of our research to develop green chemistry by using
water as reaction medium7 or by performing organic trans-
formations under solvent-free conditions,8 we recently have
shown that aliphatic epoxides react with aliphatic amines in
water with moderate to high yields and good regioselectivity,
without using any catalysts or organic solvents.9 However,
the reactions of aromatic amines with the aliphatic epoxides
are very slow in water and give the desired products in low
yields. Herein we wish to extend this simple procedure to
aromatic amines especially deactivated aromatic amines in
water, which has not been reported previously.

Initially, ring opening of cyclohexene oxide was investigated
with aniline in water and different organic solvents. Cyclo-
hexene oxide was treated with 1 equiv of aniline at room
temperature, and the desired product was obtained in 54%
yield within 48 h in water as the sole solvent. As a prelimi-
nary study, several promoters were screened in the model
reaction of aniline and cyclohexene oxide (Table 1). The
starting materials were stirred in water at room temperature
in the presence of a promoter (Table 1). The best results were
obtained when we used 0.01 mol % of heteropoly acids such
as H3PMo12O40 (Table 1, entry 14) and H3PW12O40 (Table 1,
entry 15) at room temperature for 2 h. Furthermore, we found
that common Lewis acids such as CeCl3, WCl6, ZrCl4 and
LiClO4 also show activity in water (Table 1).

With this promising result in hand, we focused our attention
on a study of the scope and limitations of the model reaction
of cyclohexene oxide with other deactivated amines such as
3,4-dichloroaniline.
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We optimized the reaction conditions by systematic varia-
tion of solvent and catalyst in the reaction of 2 with 4. The
results are summarized in Table 2.

First, we have performed the reaction in organic solvents and
in the presence of a heteropoly acid such as tungstophos-
phoric acid and molybdatophosphoric acid. We have found
that the reaction can also proceed in low-polar solvents
such as toluene and 1,2-dichloroethane. The yield was lower
in MeCN and gave byproduct in solvents such as THF. When
a mixture of water and an organic solvent, such as toluene
and CH3CN, was used the yield of adducts did not improve
considerably, and in some cases lower yields were observed
(Table 2, entries 7–10). We also investigated the effect of
adding a surfactant. Interestingly, addition of cetyltrimethyl-
ammonium bromide (CTAB) was not effective (Table 2,
entry 5), but addition of sodium dodecyl sulfate (SDS)
improved the yield of the reaction (Table 2, entries 3 and 4).

Table 1. Reaction of cyclohexene oxide with anilinea

NHPh

OH
O

2 3

PhNH2 (1) Catalyst
Solvent (2 mL), rt.

Entry Catalyst Mol % Solvent Time (h) Yield (%)

1 — — Water 44 48
2 — — CH2Cl2 44 0
3 — — ClCH2CH2Cl 44 0
4 — — PhCH3 44 0
5 — — THF 44 15
6 — — Diethyl ether 44 10
7 LiClO4 200 Water 24 96
8 CeCl3$7H2O 30 Water 24 83
9 LiCl 200 Water 24 80
10 ZrCl4 40 Water 24 76
11 B(OH)3 50 Water 74 92
12 WCl6 20 Water 12 86
13 Bi(NO3)3 20 Water 24 83
14 H3PMo12O40 0.1 Water 2 94
15 H3PW12O40 0.2 Water 2 93

a Reaction condition: solvent 2 mL, aniline (2 mmol), cyclohexene oxide
(2 mmol).
Encouraged by the above results we performed the direct
ring opening reaction of cyclohexene oxide with various
deactivated aromatic amines and the successful results are
summarized in Table 3. In the case of amines with

Table 3. Reaction of cyclohexene oxide with deactivated amines

O
Ar

OH

ArNH2, Water (8 ml), 24 h, rt
H3PW12O40 (0.35 mol %)

6a-g 7a-g

Entry Aromatic amine Product Yield (%)

1

NH2

Br

N
H

Br

OH

7a
926b

2

NH2

Cl

N
H

Cl

OH

7b
936j

3a

NH2

O2N
N
H

OH

O2N
7c 356i

4a
NH2O2N N

H
OH

O2N

7d
546j

5

NH2 N
H

OH

7e 426c

6

NH2

OH

N
H

OH

HO
7f

906j

7a

N

NH2

N

N
H

OH

7g
34

a SDS (0.25 mmol) was added.
Table 2. Reaction of cyclohexene oxide with a deactivated amine in the presence of promoter in water

NH2

Cl
Cl

O

OH

N
H

Cl

Cl
+

Solvent, r.t, 24 h

4 2 5

Catalysta

Entry Solventb Yields (%) Catalyst Entry Solvent Yields (%) Catalyst

1 Water 84 A 13 THF 30 A
2 Water 85 B 14 THF 25 B
3 Water 88 A+SDS 15 ClCH2CH2Cl 85 A
4 Water 92 B+SDS 16 ClCH2CH2Cl 87 B
5 Water 50 A+CTAB 17 Diethyl ether 64 A
6 Water 56 B 18 PhCH3 84 A
7 Water/CH3CN 40 A 19 PhCH3 73 B
8 Water/CH3CN 68 B 20 MeOH 67 B
9 PhCH3/water 10 A 21 CH3CN 40 A
10 PhCH3/water 22 B 22 CH3CN 60 B
11 PhCH3/water 80 A 23 MeOH 62 A
12 Ether/water 76 B 24 EtOH 76 B

a A: H3PMo12O40 (0.55 mol %); B: H3PW12O40 (0.35 mol %).
b Solvent used in each reaction: 8 mL. The ratio of water to the other solvent is 9:1 in entries 7 and 8, 5:1 in entries 9 and 10 and 1:10 in entries 11 and 12.
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Table 4. Aminolysis of epoxides in water in the presence of heteropoly acida

O
R R

OH

NHAr
R

NHAr

OH

+

H3PW12O40

8

+ArNH2
Water, rt, 16 h

9

(0.35 mol %)

Entry Epoxide Aromatic amine Yield (%) Ratio 8:9b

1

O O NH2

R(X)

a R¼H 92 96:4
2 b R¼n-butyl 86 92:8
3 c R¼isopropyl 84 93:7
4 d R¼OMe 90 90:10
5 e X¼Cl 84 92:8
6 f X¼Br 80 90:10c

7

O O NH2

R(X)

g R¼H 90 95:5
8 h R¼n-butyl 80 90:10
9 i R¼isopropyl 84 91:9
10 j R¼OMe 88 88:12
11 k X¼Cl 80 92:8
12 l X¼Br 78 90:10b

13

O O
NH2

R(X)

m R¼H 93 96:4
14 n R¼isopropyl 80 85:15
15 o R¼OMe 84 84:16
16 p X¼Cl 76 90:10

17 O NH2

R(X)

q R¼H 80 85:15
18 r X¼Cl 76 87:13
19 O s R¼H 80 85:15
20 t X¼Cl 74 82:18

a All products have been previously reported in the literature.6
b Ratio was determined by NMR spectroscopy.
c SDS (0.2 mmol) was added.
electron-donating groups, such as 4-hydroxyaniline, the cor-
responding amino alcohols were obtained in good to high
yields (Table 3, entry 6). Especially, with a sterically hindered
amine, such as 2,4,6-trimethylaniline, the corresponding
adduct was produced in moderate yield (Table 3, entry 5). Fur-
thermore, amines with an electron-withdrawing group, such as
2-aminopyridine, 4-nitroaniline and 3-nitroaniline, gave the
desired products in moderate yields (Table 3, entries 3, 4, 7).

Finally, this success has encouraged us to extend the gener-
ality of the reaction to other aliphatic epoxides with various
aromatic amines (Table 4). Aniline, 4-methoxy aniline,
4-chloroaniline, 4-bromoaniline and 4-isopropyl aniline
reacted well with aliphatic epoxide such as glycidyl phenyl
ether, glycidyl isopropyl ether, 1,2-epoxy butane, 1,2-epoxy
propane and allyl 2,3-epoxypropyl ether to give the corre-
sponding amino alcohols in good yields (Table 4).

The trans stereochemistry of the b-amino alcohols was
determined from the coupling constants of the C–H protons a
to the heteroatoms in the 1H NMR spectra. For example, the
trans stereochemistry of compound 3 was assigned from the
coupling constants of the peaks at 3.12 ppm (ddd, J¼10.6,
9.4, 4.2 Hz, CH–NHPh) and 3.36 ppm (ddd, J¼10.6, 9.5,
4.3 Hz, CH–OH) in the 1H NMR spectrum.

Despite the low solubility of both epoxides and amines in
water, the heteropoly acid-catalyzed ring opening reactions
could still proceed efficiently at ambient temperature. The
ring opening reaction might take place at the interface of
organic reactants with water in the heterogeneous system. It
was found that vigorous stirring was required for the success
of the reaction.
There are several interesting implications for the use of
heteropoly acids as effective catalysts for the efficient addi-
tion of aromatic amines to cyclohexene oxide in water. The
reaction itself employs an inexpensive, easily accessed
catalyst with low catalyst loading, and it involves a simple
experimental procedure.

In summary, the results summarized here constitute the first
example of a highly efficient and simple protocol for the ring
opening of epoxides catalyzed by HPA, and therefore they
expand the chemistry of these versatile catalyst systems to
an important new reaction class.

3. Experimental

3.1. General

NMR spectra were recorded on a Bruker ACF 500 using
CDCl3/CCl4 or CDCl3/DMSO-d6 as solvent. Column chro-
matography was performed on silica gel, Merck grade 60.
Ethyl acetate, petroleum ether and other solvents were
distilled before use. Epoxides, amines and other chemicals
were purchased from Fluka and Merck. H3PW12O40 and
H3PMo12O40 are commercially available and were pur-
chased from Merck and used without further purification.

3.2. General procedure of aqueous ring opening of
epoxides with aromatic amines catalyzed by HPAs

To a stirred solution of epoxide (2 mmol) and amines
(2 mmol) was added water (8 mL) and H3PW12O40 (20 mg,
0.007 mmol) or H3PMo12O40 (20 mg, 0.01 mmol), and the
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resulting mixture was stirred at room temperature for 24 h.
The mixture was extracted by ethyl acetate (2�10 mL), and
the crude product was purified by flash column chromato-
graphy to provide the corresponding product. All compounds
were characterized on the basis of their spectroscopic data
(IR, NMR) and by comparison with those reported in the
literature.

3.2.1. 4-[N-(2-Hydroxycyclohexyl)amino]pyridine. Yield
34%. 1H NMR (CDCl3+DMSO, 500 MHz): 0.86–1.00 (m,
4H), 1.30–1.32 (m, 2H), 1.64–1.66 (m, 2H), 3.02–3.34 (m,
2H), 5.24 (br s, 2H, NH, OH); 13C NMR (CDCl3+DMSO,
125 Hz): 24.3, 24.8, 31.9, 34.6, 57.6, 75.2, 108.9, 112.4,
137.3, 147.0, 159.3.

Acknowledgements

We are grateful to the Sharif University of Technology
Research Council for financial support of this research.

References and notes

1. (a) Li, C.-J. Chem. Rev. 2005, 105, 3095–3166; (b) Firouzabadi,
H.; Iranpoor, N.; Jafari, A. A. Adv. Synth. Catal. 2005, 347, 655–
661; (c) Manabe, K.; Limura, S.; Sun, X.-M.; Kobayashi, S.
J. Am. Chem. Soc. 2002, 124, 11971–11978.

2. (a) Kozhevnikov, I. V. Chem. Rev. 1998, 98, 171–198; (b)
Timofeeva, M. N. Appl. Catal. A: Gen. 2003, 256, 19–35; (c)
Okuhara, T. Catal. Today 2002, 3, 167–176; (d) Firouzabadi,
H.; Iranpoor, N.; Jafari, A. A. Tetrahedron Lett. 2005, 46,
2683–2686 and references therein.

3. (a) Ager, D. J.; Prakash, I.; Schaad, D. Chem. Rev. 1996, 96,
835–876; (b) Bonini, C.; Righi, G. Synthesis 1994, 225–238;
(c) Corey, E. J.; Zhang, F. Angew. Chem., Int. Ed. 1999, 38,
1931–1934; (d) O’Brien, P. Angew. Chem., Int. Ed. 1999, 38,
326–329; (e) Li, G.; Chang, H.-T.; Sharpless, K. B. Angew.
Chem., Int. Ed. 1996, 35, 451–454.
4. (a) Johannes, C. W.; Visser, M. S.; Weatherhead, G. S.; Hoveyda,
A. H. J. Am. Chem. Soc. 1998, 120, 8340–8347; (b) Bloom, J. D.;
Dutia, M. D.; Johnson, B. D.; Wissner, A.; Burns, M. G.; Largis,
E. E.; Dolan, J. A.; Claus, T. H. J. Med. Chem. 1992, 35, 3081–
3084.

5. (a) Deyrup, J. A.; Moyer, C. L. J. Org. Chem. 1969, 34, 175–179;
(b) Hodgson, D. M.; Gibbs, A. R.; Lee, G. P. Tetrahedron
1996, 52, 14361–14384; (c) Hanson, R. M. Chem. Rev. 1991,
91, 437–475.

6. (a) Cepanec, I.; Litvic, M.; Mikuldas, H.; Bartolinc, A.;
Vinkovic, V. Tetrahedron 2003, 53, 2435–2439; (b) Carrée, F.;
Gil, R.; Collin, J. Tetrahedron Lett. 2004, 45, 7749–7751; (c)
Harrak, Y.; Pujol, M. D. Tetrahedron Lett. 2002, 43, 819–822;
(d) Das, U.; Crousse, B.; Kesavan, V.; Bonnet-Delpon, D.;
Bégue, J.-P. J. Org. Chem. 2000, 65, 6749–6751; (e) Reddy,
L. R.; Reddy, M. A.; Bhanumathi, N.; Rao, K. R. Synlett 2000,
339–340; (f) Carrée, F.; Gil, R.; Collin, J. Org. Lett. 2005, 7,
1023–1026; (g) Schneider, C.; Sreekanth, A. R.; Mai, E.
Angew. Chem., Int. Ed. 2004, 43, 5691–5694; (h) Kamal, A.;
Mohd, R. R.; Azhar, A.; Khanna, G. B. R. Tetrahedron Lett.
2005, 46, 2675–2677; (i) Raghavendra Swamy, N.; Kondaji,
G.; Nagaiah, K. Synth. Commun. 2002, 32, 2307–2312; (j)
Reddy, L. R.; Reddy, M. A.; Bhanumathi, N.; Rao, K. R.
Synthesis 2001, 831–832; (k) Rafiee, E.; Tangestaninejad, S.;
Habibi, M. H.; Mirkhani, V. Synth. Commun. 2004, 34, 3673–
3681.

7. (a) Azizi, N.; Aryanasab, F.; Torkiyan, L.; Ziyaei, A.; Saidi,
M. R. J. Org. Chem. 2006, 71, 3634–3635; (b) Azizi, N.;
Torkiyan, L.; Saidi, M. R. Org. Lett. 2006, 8, 2079–2082.

8. (a) Azizi, N.; Saidi, M. R. Organometallics 2004, 23, 1457–
1458; (b) Azizi, N.; Saidi, M. R. Tetrahedron 2004, 60, 383–
387; (c) Azizi, N.; Rajabi, F.; Saidi, M. R. Tetrahedron Lett.
2004, 45, 9233–9236; (d) Mirmashhori, B.; Azizi, N.; Saidi,
M. R. J. Mol. Catal. A: Chem. 2006, 247, 159–161; (e) Azizi,
N.; Yousefi, R.; Saidi, M. R. J. Organomet. Chem. 2006, 691,
817–821; (f) Azizi, N.; Saidi, M. R. Catal. Commun. 2006, 7,
224–227.

9. Azizi, N.; Saidi, M. R. Org. Lett. 2005, 7, 3649–3651.


	Highly efficient ring opening reactions of epoxides with deactivated aromatic amines catalyzed by heteropoly acids in water
	Introduction
	Results and discussion
	Experimental
	General
	General procedure of aqueous ring opening of epoxides with aromatic amines catalyzed by HPAs
	4-[N-(2-Hydroxycyclohexyl)amino]pyridine


	Acknowledgements
	References and notes


