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Aminolysis of a variety of epoxides by aliphatic and aromatic amines in water, in the absence of any catalyst with high yields, is reported.
S-Amino alcohols were formed under mild conditions with high selectivity and in excellent yields.

B-Amino alcohols are important organic compounds of

The preparation gf-amino alcohols in water is desirable,

considerable use in medicinal chemistry, amino acids, andsince using water instead of an organic solvents has become
chiral auxiliariest One of the most practical and widely used more important due to environmental considerations in recent
routes for the synthesis of these compounds is the directyears?

aminolysis of epoxides at elevated temperature with an Herein, we wish to report the ring-opening of epoxides
excess of aminéRecently, several methods using promoters with a variety of amines in water at room temperature.

or catalysts in different organic solvehtsve been reported.
These include supercritical carbon dioxide (seiL® mi-
crowave irradiatiort? hexafluoro-2-propandf,ionic liquid *
Bi(OTf)3 in water?® and solvent-free conditiorf9

However, there are some limitations with these method-

Treatment of epoxid& with 1.2 equiv of amine resulted
in formation of the-amino alcohol3. The reactions were

(3) (&) Chini, M.; Crotti, P.; Macchia, FTetrahedron Lett1990, 31,
4661—-4664. (b) Yamamoto, Y.; Asao, N.; Meguro, M.; Tsukade, N.;
Nemoto, H.; Adayari, N.; Wilson, J. G.; Nakamura,HChem. Soc., Chem.

ologies such as elevated temperatures, use of stoichiometri¢commun1993, 1201—1203. (c) Meguro, M.; Asao, N.; Yamamoto,JY.

or moisture-sensitive catalyst, and hazardous organic sol-

Chem. Soc., Perkin Trans. 11994, 2597—2601. (d) Sekar, G.; Singh, V.
K. J. Org. Chem1999,64, 287—289. (e) Sagava, S.; Abe, H.; Hase, Y.;

vents. By contrast, there is no report of the aminolysis of Inaba, T.J. Org. Chem1999,64, 4962—4965. (f) Curini, M.; Epifano, F.;

epoxides in water without using any catal§st.

(1) (a) Ager, D. J.; Prakash |.; Schaad, D.Ghem.Reu 1996,96, 835~
876. (b) Bonini, C.; Righi, GSynthesisl994, 225—238. (c) Gehlert, D.
R.; Goldstein, D. J.; Hipskind, P. AAnn. Rep. Med. Chem.999, 201—
210. (d) Corey, E. J.; Zhang, Angew. Chem., Int. EA.999,38, 1931—

Marcotullio, M. C.; Rosati, OEur. J. Org. Chem2001, 4149—4152. (g)
Fagnou, K.; Lautens, MOrg. Lett.2000,2, 2319—2321. (h) Pacho'n, L.
D.; Gamez, P.; van Bassel, J. J. M.; ReedijkTétrahedronLett. 2003,
44, 6025—6027. (i) Chakraborti, A. K.; Kondaskar, Retrahedron Lett.
2003,44, 8315—8319. (j) Zhao, P.-Q.; Xu, L.-W.; Xia, C.-Synlett2004,
846—850. (k) Fan, R.-H.; Hou, X.-LJ. Org. Chem2003,68, 726—730.

() Kamal, A.; Ramu, R.; Amerudin Azhar, M.; Ramesh Khanna, G. B.

1934. (e) Johannes, C. W.; Visser, M. S.; Weatherhead, G. S.; Hoveyda, Tetrahedron Lett2005,46, 2675—2677. (m) Carree, F.; Gil, R.; Callin, J.

A. H. J. Am. Chem. S04998,120, 8340—8347. (f) Chng, B. L.; Ganesan,
A. Bioorg. Med. Chem. LetfL997,7, 1511—-1514. (g) 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. Chem1992, 35, 3081-3084. (h) O'Brien, P.
Angew. Chem., Int. Ed1999, 38, 326—329. (i) Li, G.; Chang, H.-T;
Sharpless, K. BAngew. Chem., Int. Ed. Endl996,35, 451—-454.

(2) (@) Hodgson, D. M.; Gibbs, A. R.; Lee, G. Petrahedronl996,52,
14361-14384. (b) Hanson, R. MChem. Re. 1991 91, 437-475. (c)
Comprehensie Organic SynthesisMitsunobu, O., Winterfeldt, E., Ed.;
Pergamon: New York, 1996; Vol. 6, Part 1.3.4.1. (d) Crooks, P. A;
Szyudler, R.Chem. Ind. (London}973, 1111—1112. (e) Deyrup, J. A,;
Moyer, C. L.J. Org. Chem1969,34, 175—179. (f) Freifelder, M.; Stone,
G. R.J. Org. Chem1961,26, 1477—1480. (g) Mousseron, M.; Jullien, J.;
Jolchine, Y Bull. Soc. Chim. Fr1952, 757-766. (h) Lutz, R. E.; Freekand,
J. A.; Murphy, R. SJ. Am. Chem. Soc1948,70, 2015—2023.

10.1021/0l051220q CCC: $30.25
Published on Web 07/28/2005

© 2005 American Chemical Society

Tetrahedron Lett2004 45, 7749-7751. (n) Sundrarajan, G.; Vijayakrishna,
K.; Varghese, BTetrahedron Lett2004,45, 8253—8256. (0) Rodriquez,
J. R.; Navarro, ATetrahedron Lett2004,45, 7495—7498.

(4) (a) Surendra, K.; Krishnaveni, N. S.; Rao, K. ®nlett2005, 506—
510. (b) Mojtahedi, M. M.; Saidi, M. R.; Bolourtchian, M. Chem. Res.,
Synop.1999, 128—129. (c) Das, U.; Crousse, B.; Kesavan, V.; Bonnet-
Delpon, D.; Be'gue’, J.-PJ. Org. Chem200Q 65, 6749-6751. (d) Yadav,

J. S.; Reddy, B. V. S.; Basak, A. K.; Narsaiah, A. Vetrahedron Lett.
2003 44, 1047-1050. (e) Ollevier, T.; Lavie-Compin, Getrahedron Lett.
2004,45, 49-52. (f) Chakraborti, A. K.; Kondaskar, Aletrahedron Lett.
2003,44, 8315—8319. (g) Chakraborti, A. K.; Rudrawar, S.; Kondaskar,
A. Org. Biomol. Chem2004,2, 1277—1280.

(5) Organic Synthesis in Water; Grieco, P. A., Ed.; Blackie Academic
and Professional: London, 1998. Li, C. J.; Chang, T. H.Qrganic
Reactions in Aqueous MedigViley: New York, 1997.



Table 1. Reactions of Aliphatic Epoxides with Aliphatic
Amines in Water
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carried out with a very simple procedure in water at room depends on the structure of the epoxide and on the nucleo-
temperature without adding any organic solvent or catalyst. philicity of the amines. The results are summarized in (Tables
In some cases, thg-amino alcohols precipitated from the 1 and 2). The data in Table 1 clearly show that the reaction
solution and were separated by a simple filteration. Other- of aliphatic amines with different epoxides in water gives
wise, they were extracted from the aqueous solution by he corresponding-amino alcohols in high yield and in a
diethyl ether. _ . regioselective manner. The advantage of this procedure over

To show the generality and scope of this new protocol, yhe reported methods is the formation of thamino alcohols
structurally diverse amines were treated with various ep- from attack at the terminal carbon of the epoxides (with the
oxides. In general, the reaction rate of aminlolysis in water . .

exception of styrene oxide) as the only prodittThe

(6) (@) Azizi, N.; Saidi, M. R Organometallic2004,23, 1457—1458, procedure of thgse reactions is very simple, and the yields
(b) Azizi, N.; Saidi, M. R.Tetrahedror2004,60, 383—387. (c) Azizi, N.; are generally high.To the best of our knowledge, these
Saidi, M. R.Eur. J. Org. Chem2003, 4630-4633. (d) Azizi, N, Saidi,  yagy)its represent the highest regioselectivity reported to date

M. R. J. Organomet. Chen2003,688, 283—285. (e) Azizi, N.; Rajabi, F.; S . ) - .
Saidi, M. R.Tetrahedron Lett2004,45, 9233—9236. for nucleophilic ring opening of epoxide with amines.
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Table 2. Reaction of Styrene Oxide with Amines in Water

NRR’ OCH
ph/<l + RR'NH Ln, Ph + Ph
A OH B NRR
entry amine yield (%) ratio A:B entry amine yield (T) ratio® A:B
1 aniline 97 96:4 11 pyrrolidine 93 35:65
2 p-isopropylaniline 94 90:10 12 Eto:NH 92 24:76
3 PhCH2NH; 88 70:30 13 Et,NH? 0.0
4 n-BuNH; 94 25:75 14 EteNH¢ 0.0
5 tert-BuNHjy 92 8:92 15 Et,NH¢ 0.0
6 diallylamine 90 30:70 16 EtoNHe 0.0
7 sec-BuNHz 86 21:79 17 EtoNH/ 50 45:55
8 cyclohexylamine 92 20:80 18 EtoNH# 0.0
9 piperidine 96 35:65 19 EtoNH" 0.0
10 morpholine 96 10:90

aRegioselectivity was determined by NMR spectt&H,Cl,. ¢ CH3CN. 4 Hexane & Toluene.f Ethanol.9 Diethyl ether." Solvent-free.

Additions of aromatic amines such as aniline and 4-ni-
troaniline to alkyl epoxides are sluggish and give very low
yields with the exception of styrene oxide. Therefore, the
low reactivity of aromatic amines such as aniline shows the
chemoselectivity in the addition of aliphatic amines to
epoxides with this method. To show the chemoselectivity,
cyclohexene oxide was treated with the mixture of aniline
and piperidine. Analysis of the mixture after 10 h shows that
only piperidine reacted with cyclohexene oxide (Scheme 1).

Scheme 1. Chemoselective Addition of Aliphatic Amines in
the Presence of Aromatic Amines
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Aniline andp-isopropylaniline react with styrene oxide and
give high yields of the correspondiniyamino alcohols.
On the other hand, treatment of styrene oxide with different

A as the major regioisomer, by nucleophilic attack at the
benzylic carbon. In the case of aliphatic amines, preferential
attack occurs at the terminal carbon, and the major product
is regioisomerB (Table 2). For the sake of comparison,
opening reactions of styrene oxide with diethylamine were
carried out in the classic way in different organic solvents
and under solvent-free conditions at room temperature. In
common organic solvents (GBI,, CH;CN, toluene, and
hexane) under solvent-free conditions and without using a
catalyst, the reaction does not take place after 2 days.
However, in the case of protic solvents such as ethanol, the
reaction gives up to 50% of the product after 1 day.

The role of the water as reaction medium is still not clear.
Hydrophobic and hydrogen bonding interactions and polarity
are the main factors that influence the reactivity and
selectivity of the process. We propose a2 Snechanism
for these processes by comparison of the reaction conditions
with those reported in the literatufeWe are currently
investigating the mechanism of the reaction of styrene oxide
in aqueous medium.

In summary, we have demonstrated an economical and
practical method for the synthesis of a wide rangg-aimino
alcohols under mild conditions in water. In light of its

aromatic, aliphatic, and hindered amines gives a mixture of gperational simplicity, simple purification procedure, high

two regioisomers,A and B, in high yields (Table 2).
Aminolysis of styrene oxide with aromatic amines afforded

(7) Amantini, D.; Fringuelli, F.; Piermatti, O.; Torttoioli, S.; Vaccaro,
L. Arkivoc 2002, 293—311.

(8) General Procedure for the Synthesis of3-Amino Alcohols. An
epoxide (5 mmol) and water (2 mL) were placed in a test tube equipped
with a magnetic stirrer. Then, an amine (6 mmol) was added in one portion,

yields, complete regioselectivity (except styrene oxide),
ability to proceed without a catalyst, and environmentally
friendly conditions, this protocol is superior to the existing
methods.
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