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Abstract

In the presence of a catalytic amount of Bi(OTf)3;-4H,O and under microwave irradiation, neat mixtures of epoxides and amines
afforded smoothly the corresponding 2-amino alcohols. A wide variety of aliphatic amines were reacted with cycloalkene oxide, styrene
oxide, and stilbene oxide. The reaction proceeded rapidly and afforded the 2-amino alcohols in high up to quantitative yields. All
products could be obtained without aqueous work-up by simple filtration.
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1. Introduction

Nucleophilic opening of epoxide by amines is an impor-
tant reaction for synthetic, organic and medicinal chemists,
as the resultant 2-amino alcohols represent a broad range
of intermediates widely present in biologically active natu-
ral and synthetic products.' The classical approach for the
synthesis of 2-amino alcohols from epoxides involves the
treatment of an epoxide with an amine under heating.
However, this procedure has drawbacks such as the need
of excess of amines and elevated temperature.> Moreover,
poorly nucleophilic and sterically hindered amines do not
always lead to good yields of the expected amino alcohols.
Thus, there has been a lot of effort to develop methodolo-
gies for epoxide opening by amines as evidenced by numer-
ous recent reports.’ Still, some of these methods could not
overcome the requirement for long reaction times, mois-
ture/air sensitive, and costly catalysts. More importantly,
most of the above described methods could not avoid the
use of solvents (for both the reaction and the extraction
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process) and toxic catalysts, and generate large amounts
of waste.

As a part of our ongoing interest in bismuth(III)-cata-
lyzed epoxide opening,* we report herein our results in
the microwave-assisted bismuth(IIl) triflate-catalyzed
epoxide opening. In the last few years, bismuth compounds
have attracted attention due to their low toxicity, low cost,
and good stability.” Bismuth salts have been reported as
catalysts for Mukaiyama-aldol reactions,® Mannich-type
reactions,’ imine allylation,8 formation and deprotection
of acetals,” Friedel-Crafts .':1cy1ations,10 Diels—-Alder reac-
tions,'! Fries rearrangement,'> and Claisen rearrange-
ment.'?> Bi(OTf); is particularly attractive because it is
commercially available or can be easily prepared from
readily available starting materials.'* The BiXs-catalyzed
epoxide opening has already been reported with various
alkene oxides and various nucleophiles.'” In particular,
the BiCls-catalyzed cyclohexene and cyclopentene oxide
opening has been disclosed by our group with various
substituted anilines.** Bi(OTf); was then reported to be effi-
cient for the epoxide opening in aqueous conditions.*®
Recently, a very elegant asymmetric version of a Bi(OTf);
catalyzed epoxide opening has been reported by Kobayashi
using a chiral bipyridine diol in aqueous conditions.'*
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Microwave-assisted organic synthesis is currently gain-
ing importance in synthetic chemistry largely due to the
advancement in the technology that provides precision
controlled microwave equipments.'® Previous studies have
shown that epoxide opening reactions can be conducted
under microwave irradiation.'*®!” These methods usually
report the opening of aryloxymethyl epoxides with anilines
and sometimes involve the use of conventional kitchen
microwave ovens, often leading to modest and irreproduc-
ible yields. We wish to disclose our results in this area, that
is, the development of an efficient, microwave-assisted bis-
muth-catalyzed epoxide opening with aliphatic amines that
takes advantage of very mild reaction conditions. The reac-
tion is indeed run neat, with a catalyst loading as low as
1 mol %, and is completed within a few minutes under
microwave assistance.

2. Results and discussion

Initial investigations in the epoxide opening with ali-
phatic amines involved the opening of cyclohexene oxide
with cyclohexylamine as a model reaction (Scheme 1, Table
1). These results were promising, as the corresponding 2-
amino alcohol could be obtained in excellent yield with
1 mol % of Bi(OTf);-4H,O as the catalyst (Table 1, entry
4). A lower loading of Bi(OTf)3-4H,O (0.1 mol %) led to
a decreased yield (52% of 3a). While BiCl; gave almost
no conversion (Table 1, entry 2), BiBr; provided the prod-
uct in only moderate yield (Table 1, entry 3). Other metal
triflate catalysts, for example, Sc(OTf)s;, Ga(OTf);, and
Zn(OTY),, appeared to be as efficient as Bi(OTf);-4H,O
(Table 1, entries 5-7). Triflic acid led to the expected prod-
uct in almost quantitative yield (Table 1, entry 8).
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Scheme 1.

Table 1
Microwave-enhanced catalyzed opening of cyclohexene oxide by
cyclohexylamine®

Entry Catalyst Yield 3a (%)
1 — <5
2 BiCly 5
3 BiBr; 47
4 Bi(OTf);-4H,0 96
5 Sc(OTHf)3 97
6 Ga(OTf); 94
7 Zn(OTY), 95
8 HOTf 99

# Conditions: cyclohexene oxide 1 (1 mmol), cyclohexylamine 2a
(1.1 mmol), catalyst (1 mol %), microwaves, 15 min.

With Bi(OTf);-4H,0 identified as an effective catalyst
for the epoxide opening, cyclohexene oxide was treated
with various aliphatic amines (Scheme 2, n = 2). The reac-
tion gave the corresponding 2-amino alcohols in high yields
with all amines tested (Table 2, entries 1-5 and entry 7)
except with dipropylamine (Table 2, entry 6). The proce-
dure for these reactions is very simple as the pure product
is obtained without aqueous work-up and without purifica-
tion. In addition, the reaction could be substantially scaled
up without decreasing the yield (conditions: cyclohexene
oxide 30 mmol, morpholine 33 mmol, Bi(OTf)3-4H,O
0.3 mmol, microwaves, 15min, 99% vyield of 2-
morpholinocyclohexanol).

The same method was also effective for the opening
reaction of cyclopentene oxide with the same amines giving
the corresponding 2-amino alcohols 5 (Scheme 2, Table 2,
n=1). Cyclohexylamine, piperidine, morpholine, pyrroli-
dine, and n-hexylamine afforded the expected product in
high yields (Table 2, entries 1-5). Only dipropylamine pro-
duced the corresponding 2-amino alcohol in moderate yield
(Table 2, entry 6).

On the other hand, treatment of styrene oxide with dif-
ferent aliphatic amines gave a mixture of two regioisomers:
7a and 7b in high yields (Scheme 3, Table 3). Aminolysis of

1R2
Bi(OTf)z#4H,0 (1 mol %) WNR'R
(@o + R'RENH (
MW, 15 min.

OH
1(n=2) 2 3(n=2)
4(n=1) 5(n=1)

Scheme 2.
Table 2

Microwave-enhanced Bi(OTf);-4H,O-catalyzed opening of cyclohexene
and cyclopentene oxide with various aliphatic amines®

Entry Amine 2 Yield 3 (%) Yield 5 (%)
(n=2) (n=1)
NH,
1 O/ 96 90
2 OH 92 100
(\ NH
3 93 97
o
4 { NH 96 100
5 P N NH, 93 9
H
6 48 48
SN N ~
7 Ph” “NH, 100° —

# Conditions: cyclohexene or cyclopentene oxide 1 or 4 (1 mmol), amine
2 (1.1 mmol), Bi(OTf);-4H,0 (1 mol %), microwaves, 15 min.
b Epoxide/amine ratio = 1.1:1.
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Table 3 Table 4

Microwave-enhanced Bi(OTf);-4H,0-catalyzed opening of styrene oxide
with various aliphatic amines®

Microwave-enhanced Bi(OTf);-4H,0-catalyzed opening of trans-stilbene
oxide with cyclohexylamine and piperidine®

Entry Amine 2 Ratio 7a/7b" Yield 7 (%) Entry Amine 2 Yield 9 (%)
NH, NH,
1 O/ 68/32 96¢ I O/ 99
NH NH
2 59/41 100 2 100
NH # Conditions: trans-stilbene oxide 8 (1 mmol), amine 2 (1.1 mmol),
3 O\) 37/63 100 Bi(OTf);-4H,0 (1 mol %), microwaves, 15 min.
/\/\/\ c .. . . .
4 NH, 66/34 84 In addition, the opening of trans-stilbene oxide 8 was
H . X studied with both cyclohexylamine and piperidine (Scheme
3 AN 0/40 00 3, Table 4). In both cases, the pure 2-amino alcohol 9 was

? Conditions: styrene oxide 6 (1 mmol),
Bi(OTf);-4H,0 (1 mol %), microwaves, 15 min.

® Determined by 'H NMR.

¢ Traces (<10%) of the corresponding amino diol were also detected.

amine 2 (1.1 mmol),

styrene oxide with cyclohexylamine, piperidine, and n-hex-
ylamine afforded 7a as the major regioisomer, by nucleo-
philic attack at the terminal carbon (Table 3, entries 1, 2,
and 4). In the case of morpholine, preferential attack
occurred at the benzylic position (Table 3, entry 3). The
opening of styrene oxide by n-hexylamine led to the corre-
sponding 2-amino alcohol in good yield (Table 3, entry 4).
In this particular case and in the case of cyclohexylamine,
traces of diol arising from the reaction of the amine with
2 equiv of styrene oxide were also detected (<10%) (Table
3, entries 1 and 4). Compared to the modest yields obtained
for the opening of cyclohexene and cyclopentene oxides
with dipropylamine (Table 2, entry 6), a quantitative yield
was obtained for the opening of styrene oxide with dipro-
pylamine (Table 3, entry 5).

isolated in a quantitative yield using our standard condi-
tions (Table 4, entries 1 and 2). Finally, the opening of
the trisubstituted epoxide 10 with morpholine proceeded
smoothly with good regioselectivity and moderate yield
(Scheme 4).

Interestingly, for all these experiments, no side reaction
such as epoxide rearrangement was observed under these
conditions.'® Indeed, when cyclohexene oxide was heated
under microwave irradiation in the presence of
Bi(OTf)3;-4H,O and in the absence of amine, only trace
amount of the rearranged aldehyde was observed, the
major pathway being decomposition of starting material.

3. Conclusion

As an improvement over other catalyst systems,
Bi(OTf);-4H,0 is a versatile catalyst for the epoxide open-
ing with amines. The reaction affords up to quantitative
yields in 2-amino alcohols in very short reaction times

o . HNﬁ Bi(OTf)ge4H,0 (1 mol %)
bo MW, 15 min.

60%
10 2c

11a/11b = 85:15

3 N
~aOH =
+
.’"N /\ OH
Lo
11a 11b

Scheme 4.
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(15 min), and using only 1 mol % of the catalyst under
microwave assistance.'” This method offers several advan-
tages including mild reaction conditions, highly catalytic
process, and no formation of by-products. The conditions
are suitable for a variety of aliphatic amines. Also, the
practical use of Bi(OTf);-4H,O is highly valuable as an
environmentally benign Lewis acid. Moreover, our proto-
col does not require any solvent for the reaction to proceed.
The reaction is run neat. No aqueous work-up is needed for
the reaction: the 2-amino alcohol is directly obtained after
quick filtration of the catalyst. Because of its numerous
benefits, this method for the green and straightforward syn-
thesis of 2-amino alcohols using Bi(OTf);-4H,O catalysis
should find utility in the synthesis of biologically active
compounds.

Acknowledgments

This work was financially supported by the Natural
Sciences and Engineering Research Council of Canada
(NSERC), the Fonds Québécois de la Recherche sur la
Nature et les Technologies (FQRNT, Québec, Canada),
the Canada Foundation for Innovation, and Université
Laval. E.N. thanks NSERC and FQRNT for postgraduate
scholarships. We thank R. Kadri from Biotage AB for his
help and support.

Supplementary data

Experimental procedure and spectral data for all new
compounds. Supplementary data associated with this
article can be found, in the online version, at doi:10.1016/
j-tetlet.2007.12.100.

References and notes

1. (a) Chng, B. L.; Ganesan, A. Biorg. Med. Chem. Lett. 1997, 7, 1511,
(b) Rogers, G. A.; Parsons, S. M.; Anderson, D. C.; Nilsson, L. M.;
Bahr, B. A.; Kornreich, W. D.; Kaufman, R.; Jacobs, R. S.; Kirtman,
B. J. Med. Chem. 1989, 32, 1217.

2. Deyrup, J. A.; Moyer, C. L. J. Org. Chem. 1969, 34, 175.

3. (a) Chakraborti, A. K.; Rudrawar, S.; Kondaskar, A. Eur. J. Org.
Chem. 2004, 3597; (b) Placzek, A. T.; Donelson, J. L.; Trivedi, R.;
Gibbs, R. A.; De, S. K. Tetrahedron Lett. 2005, 46, 9029; (c) Shivani;
Pujala, B.; Chakraborti, A. K. J. Org. Chem. 2007, 72, 3713; (d)
Chini, M.; Crotti, P.; Macchia, F. Tetrahedron Lett. 1990, 32, 4661;
(e) Williams, D. B. G.; Lawton, M. Org. Biomol. Chem. 2005, 3, 3269;
(f) Chandrasekhar, S.; Ramachandar, T.; Prakash, S. J. Synthesis
2000, 1817; (g) Reddy, L. R.; Reddy, M. A.; Bhanumathi, N.; Rao, K.
R. Synthesis 2001, 831; (h) Reddy, L. R.; Reddy, M. A.; Bhanumathi,
N.; Rao, K. R. Synlett 2000, 339; (i) Augé, J.; Leroy, F. Tetrahedron
Lett. 1996, 37, 7715; (j) Swamy, N. R.; Goud, T. V.; Reddy, S. M.;
Krishnaiah, P.; Venkateswarlu, Y. Synth. Commun. 2004, 34, 727.

4. (a) Ollevier, T.; Lavie-Compin, G. Tetrahedron Lett. 2002, 43, 7891;
(b) Ollevier, T.; Lavie-Compin, G. Tetrahedron Lett. 2004, 45, 49.

5. (a) Organobismuth Chemistry; Suzuki, H., Matano, Y., Eds.; Elsevier:
Amsterdam, 2001; (b) Gaspard-lloughmane, H.; Le Roux, C. Eur. J.
Org. Chem. 2004, 2517; (c) Leonard, N. M.; Wieland, L. C.; Mohan,
R. S. Tetrahedron 2002, 58, 8373.

6. (a) Ollevier, T.; Desyroy, V.; Debailleul, B.; Vaur, S. Eur. J. Org.
Chem. 2005, 4971; (b) Le Roux, C.; Ciliberti, L.; Laurent-Robert, H.;

8.

1549

Laporterie, A.; Dubac, J. Synlett 1998, 1249; (c) Ollevier, T.; Desyroy,
V.; Catrinescu, C.; Wischert, R. Tetrahedron Lett. 2006, 47, 9089; (d)
Ollevier, T.; Desyroy, V.; Nadeau, E. ARKIVOC (Gainesville, FL,
US) 2007, x, 10; (e) Ollevier, T.; Bouchard, J.-E.; Desyroy, V. J. Org.
Chem. 2008, 73, 331.

(a) Ollevier, T.; Nadeau, E.; Eguillon, J.-C. Adv. Synth. Catal. 2006,
348, 2080; (b) Ollevier, T.; Nadeau, E. Synlett 2006, 219; (c) Ollevier,
T.; Nadeau, E.; Guay-Bégin, A.-A. Tetrahedron Lett. 2006, 47, 8351;
(d) Ollevier, T.; Nadeau, E. J. Org. Chem. 2004, 69, 9292; (e) Ollevier,
T.; Nadeau, E. Org. Biomol. Chem. 2007, 5, 3126.

(a) Ollevier, T.; Li, Z. Org. Biomol. Chem 2006, 4, 4440; (b) Ollevier,
T.; Ba, T. Tetrahedron Lett. 2003, 44, 9003.

. (a) Leonard, N. M.; Oswald, M. C.; Freiberg, D. A.; Nattier, B. A;

Smith, R. C.; Mohan, R. S. J. Org. Chem. 2002, 67, 5202; (b)
Carrigan, M. D.; Sarapa, D.; Smith, R. C.; Wieland, L. C.; Mohan,
R. S. J. Org. Chem. 2002, 67, 1027.

. (a) Le Roux, C.; Dubac, J. Synlett 2002, 181; (b) Desmurs, J. R;

Labrouillere, M.; Le Roux, C.; Gaspard, H.; Laporterie, A.; Dubac,
J. Tetrahedron Lett. 1997, 38, 8871; (c) Répichet, S.; Le Roux, C,;
Dubac, J.; Desmurs, J. R. Eur. J. Org. Chem. 1998, 2743.

. (a) Garrigues, B.; Oussaid, A. J. Organomet. Chem. 1999, 585, 253; (b)

Laurent-Robert, H.; Garrigues, B.; Dubac, J. Synlett 2000, 1160.

. Ollevier, T.; Desyroy, V.; Asim, M.; Brochu, M.-C. Synlett 2004,

2794.

. (a) Ollevier, T.; Mwene-Mbeja, T. M. Synthesis 2006, 3963; (b)

Ollevier, T.; Mwene-Mbeja, T. M. Tetrahedron Lett. 2006, 47, 4051.

. (a) Répichet, S.; Zwick, A.; Vendier, L.; Le Roux, C.; Dubac, J.

Tetrahedron Lett. 2002, 43, 993; (b) Labrouillere, M.; Le Roux, C.;
Gaspard, H.; Laporterie, A.; Dubac, J.; Desmurs, J. R. Tetrahedron
Lett. 1999, 40, 285; (c) Torisawa, Y.; Nishi, T.; Minamikawa, J.-i.
Org. Process Res. Dev. 2001, 5, 84; (d) Peyronneau, M.; Arrondo, C.;
Vendier, L.; Roques, N.; Le Roux, C. J. Mol. Catal. A 2004, 211, 89;
(e) Bi(OTf);-4H,0 has been prepared from Bi,O3 according to Ref.
14a.

. Amines as nucleophiles: (a) Ogawa, C.; Azoulay, S.; Kobayashi, S.

Heterocycles 2005, 66, 201; (b) Swamy, N. R.; Kondaji, G.; Nagaiah,
K. Synth. Commun. 2002, 32, 2307; (c) Khodaei, M. M.; Khosropour,
A. R.; Ghozati, K. Tetrahedron Lett. 2004, 45, 3525; (d) Khosropour,
A. R.; Khodaei, M. M.; Ghozati, K. Chem. Lett. 2004, 33, 304; (e)
Oussaid, A.; Garrigues, B.; Oussaid, B.; Benyaquad, F. Phosphorus,
Sulfur Silicon Relat. Elem. 2002, 177, 2315; (f) Oussaid, A.; Bouk-
herroub, R.; Dejean, V.; Garrigues, B. Phosphorus, Sulfur Silicon
Relat. Elem. 2000, 167, 81. Other nucleophiles: (g) Kamal, A.; Ahmed,
S. K.; Sandbhor, M.; Khan, M. N. A.; Arifuddin, M. Chem. Lett.
2005, 34, 1142; (h) Khosropour, A. R.; Khodaei, M. M.; Ghozati, K.
Z. Naturforsch., B: Chem. Sci. 2005, 60b, 572.

. (a) Strauss, C. R.; Varma, R. S. Top. Curr. Chem. 2006, 266, 199; (b)

Loupy, A. Microwaves in Organic Synthesis; Wiley-VCH: Weinheim,
2002; (c) Lidstrém, P.; Tierney, J.; Wathey, B.; Westman, J.
Tetrahedron 2001, 57, 9225.

. (a) Robin, A.; Brown, F.; Bahamontes-Rosa, N.; Wu, B.; Beitz, E.;

Kun, J. F. J.; Flitsch, S. L. J. Med. Chem. 2007, 50, 4243; (b) Azizi,
N.; Saidi, M. R. Org. Lett. 2005, 7, 3649; (c) Tan, W.; Zhao, B.-X_;
Sha, L.; Jiao, P.-F.; Wan, M.-S.; Su, L.; Shin, D.-S. Synth. Commun.
2006, 36, 1353; (d) Gupta, R.; Paul, S.; Gupta, A. K.; Kachroo, P. L.;
Dandia, A. Indian J. Chem., Sect. B1997, 36 B, 281; (¢) Mojtahedi, M.
M.; Saidi, M. R.; Bolourtchian, M. J. Chem. Res. 1999, 2, 128; (f)
Kolb, H. C.; Finn, M. G.; Sharpless, K. B. Angew. Chem., Int. Ed.
2001, 40, 2004; (g) Desai, H.; D’Souza, B. R.; Foether, D.; Johnson,
B. F.; Lindsay, H. A. Synthesis 2007, 902.

. Bhatia, K. A.; Eash, K. J.; Leonard, N. M.; Oswald, M. C.; Mohan,

R. S. Tetrahedron Lett. 2001, 42, 8129.

. All reactions were performed using a 400 W Biotage Initiator™

microwave synthesis instrument. General procedure for the micro-
wave-enhanced bismuth triflate-catalyzed epoxide opening: In a capped
microwave reactor, the epoxide (1 mmol), the amine (1.1 mmol), and
Bi(OTf);-4H,O (0.01 mmol) were mixed together, then brought to
160 °C for 15 min under microwave irradiation. 1 mL of diethyl ether


http://dx.doi.org/10.1016/j.tetlet.2007.12.100
http://dx.doi.org/10.1016/j.tetlet.2007.12.100

1550

20.

was added to the residue and the mixture was stirred, then filtered on
a short Celite pad, washed with 1 mL of diethyl ether, and
concentrated under vacuum. Ethyl acetate was used instead of diethyl
ether to dissolve and wash when the crude mixture was not soluble in
diethyl ether. Pure 2-amino alcohol was obtained as shown by 'H
NMR. Spectral data for 3, 5, 7, 9, and 11 agree with those previously
reported in the literature,'’&2°

(a) Curini, M.; Epifano, F.; Marcotullio, M. C.; Rosati, O. Eur. J.
Org. Chem. 2001, 4149; (b) Harris, C. E.; Fisher, G. B.; Beardsley, D.;
Lee, L.; Goralski, C. T.; Nicholson, L. W.; Singaram, B. J. Org.

T. Ollevier, E. Nadeaul Tetrahedron Letters 49 (2008) 1546—1550

Chem. 1994, 59, 7746; (c) Periasamy, M.; Seenivasaperumal, M.;
Padmaja, M.; Rao, V. D. ARKIVOC ( Gainesville, FL, US) 2004, viii,
4; (d) Mai, E.; Schneider, C. Chem. Eur. J. 2007, 13, 2729; (e) Pachén,
L. D.; Gamez, P.; van Brussel, J. J. M.; Reedijk, J. Tetrahedron Lett.
2003, 44, 6025; (f) Hoover, J. M.; Petersen, J. R.; Pikul, J. H.;
Johnson, A. R. Organometallics 2004, 23, 4614; (g) Li, S. J.; Mi, A.;
Yang, G.; Jiang, Y. Synth. Commun. 1992, 22, 1497, (h) Kang, J.;
Kim, D. S.; Kim, J. I. Synlett 1994, 842; (i) Ianni, J. C.; Annamalai,
V.; Phuan, P.-W.; Panda, M.; Kozlowski, M. C. Angew. Chem., Int.
Ed. 2006, 45, 5502.



	Microwave-enhanced bismuth triflate-catalyzed epoxide opening with aliphatic amines
	Introduction
	Results and discussion
	Conclusion
	Acknowledgments
	Supplementary data
	References and notes


