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Lithium bromide has been found to be an inexpensive and
efficient catalyst for the opening of epoxide rings by amines,
and this provides an environmentally friendly method for the
synthesis of B-amino alcohols. Aromatic and aliphatic amines
react with cycloalkene oxides to exclusively form trans-2-
(aryl/alkylamino)cycloalkanols in high yields. A 98-100% se-
lectivity in favour of nucleophilic attack at the benzylic car-
bon atom of styrene oxide is observed with aromatic amines.
However, aliphatic amines exhibit a marginal preference for

the reaction at the terminal carbon atom of the epoxide ring
in styrene oxide. Non-styrenoidal, unsymmetrical alkene ox-
ides undergo selective nucleophilic attack at the sterically
less hindered carbon atom by aniline. The chelation effect of
the Li* ion enables selective opening of the epoxide ring in
3-phenoxypropylene oxide in the presence of styrene oxide.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

B-Amino alcohols are versatile synthons for a wide range
of biologically active natural and synthetic products,!'! un-
natural amino acids®®! and chiral auxiliaries.’) The classical
synthesis of B-amino alcohols by nucleophilic opening of
the epoxide ring involves treatment of the epoxides with
amines while heating.[*> However, the method does not
work so well with poor nucleophilic amines and also poses
problems when sensitive epoxides are used due to the poten-
tial side reactions at high temperatures and the need for
excess amine. This led to the necessary use of catalysts to
activate the epoxide ring for nucleophilic cleavage. There-
fore, continuous efforts have been made to develop various
catalysts such as alumina,l®l metal amides and triflamide,”
alkali metal perchlorates and tetrafluoroborate,® metal tri-
flates,”) metal alkoxides,'”! zirconium sulfophenyl phos-
phonate,''! metal halides,!'? silica gel under high press-
ure,[31 montmorillonite K 10 under microwave ir-
radiation,' hexafluoro-2-propanol (HFIP) under re-
flux,!"> ionic liquids,['® nBusP,['”1 Yb(OTT); in supercritical
CO, under high pressure at 55 °C,['8 and silica gel.['”7 How-
ever, some of these methodologies require long reaction
times, elevated temperatures, high pressure, air- and moist-
ure-sensitive catalysts, stoichiometric amounts of costly
catalysts, special apparatus etc. The rearrangement of the
starting epoxide to allylic alcohols?®”! and potential hazards
in handling pyrophoric/moisture-sensitive reagents in the
preparation of the catalyst are also notable disadvantages
of some of the reported methodologies Further, in most
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cases, these methods are applicable to aromatic amines
only.?!] Therefore, considering the potential industrial ap-
plications of the epoxide ring opening reaction by amines,
the development of a cheap and efficient catalyst is in
high demand.

We have recently found that the strong oxophilicity of
Li* activates oxygen-containing electrophiles for nucleo-
philic attack.?>?3 Herein, we report that lithium bromide
efficiently catalyzes the opening of epoxide rings by amines
at room temperature under solvent-free conditions to afford
a cost-effective and environmentally friendly process for the
synthesis of f-amino alcohols.

To find out the best reaction conditions, cyclohexene ox-
ide (1) (2.5 mmol) was taken as a symmetrically substituted
epoxide and treated with various amines 2 (2.5 mmol) in

the presence of LiBr (Scheme 1).
You
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Scheme 1. LiBr-catalyzed epoxide ring opening of 1 with various
amines

Use of 5 mol % of LiBr caused the reaction to go to
completion at room temperature under neat conditions in
1—5h (GCMYS) (Table 1). No significant amount of the am-
ino alcohol 3a was formed (GCMS) from 1 and 2a in the
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absence of LiBr; the epoxide and the amine remained un-
changed. This establishes the need to use LiBr to promote
the epoxide opening reaction. Excellent results were ob-
tained with various aromatic amines such as aniline (2a), 4-
methylaniline (2b) and 4-chloroaniline (2¢): 90, 93, and 88%
yields, respectively. The reaction worked well with aliphatic
amines such as benzylamine (2d), pyrrolidine (2e) and pip-
eridine (2f) resulting in the formation of the corresponding
amino alcohols in 88, 100, and 85% yields, respectively.[>!)
In each case the resultant 2-(aryl/alkylamino)cyclohexanols
were found to be the trans diastereoisomer 3 on the basis
of NMR spectroscopy.-2¢12h]

Table 1. Reactions of 1 with various amines catalyzed by LiBr;
cyclohexene oxide (1) (2.5 mmol) was treated with the amine
(2.5 mmol) in the presence of LiBr (5 mol %) at room temperature
under neat conditions

Entry  Amine Product® Time [h] Yield [%]P
I,
X 2 —\ R
il N X
1 R=H R=H 1 90
2 R=4-Me R =4-Me 2 93
3 R=4-Cl R=4-Cl 5 88

0.
HO NH

Q‘NG 2 100

[al The 'H and '3C NMR data confirm the trans stereochemistry of
the product. [ Isolated yields of the corresponding amino alcohol.

To evaluate the regioselectivity, styrene oxide (4) was
chosen as a representative unsymmetrical epoxide and
treated with various amines (Scheme 2) under the catalytic
influence of LiBr (Table 2).

OH R

RN __R?
Q N R
R! LiBr (5 mol % OH Nopi
. _LiBr (5 mol %)
NH\RZ Neat, r.t.,Sh *
5 6

4 2

aR'=H,R*=CiHy; b: R'=H, R? = 4-MeCH,
¢:R'=H,R*=4-CICH,; e: R' =R? = (CH,),;
R =R?= (CH,)s; g: R' = R* = (CH,),0(CH,),

Scheme 2. Regioselectivity in the LiBr-catalyzed epoxide ring open-
ing of 4 with various amines

The reaction with aromatic amines 2a—2¢ and aliphatic
amines such as pyrrolidine (2e), piperidine (2f) and morph-
oline (2g) afforded 92—100% yields of the corresponding
amino alcohols. The regioisomers obtained from the reac-
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Table 2. Reactions of 4 with various amines catalyzed by LiBr;
styrene oxide (4) (2.5 mmol) was treated with the amine 2
(2.5 mmol) in the presence of LiBr (5 mol %) at room temperature
under neat conditions for 5h

Entry Amine  Yield [%]™ Ratio 5/6"
NH,
T ~
R~

=
1 R=H 98 92:2
2 R=4-Me 98 100:0
3 R=4Cl 100 100:0
4 CNH 922 45:55
5 ( NH 98 42:58
48:52

6 Q NH 94
./

[al Tsolated yields of the corresponding amino alcohols. ! Deter-
mined by GCMS (Entries 1—3) and 'H NMR spectroscopy
(Entries 4—6).

tion with 2a eluted with different retention time, and the
regioselectivity was determined by GCMS. In the MS, the
regioisomer 5a exhibits a daughter ion [M™* — 31] due to
the loss of CH,OH, and the diagnostic feature in the mass
spectra of 7a is the ion peak [M™ — 106], which is assigned
to the loss of PhCHO. The reactions with 2b and 2¢ af-
forded a single amino alcohol (GCMS), and the absence of
an ion peak [M™ — 106] and the presence of the daughter
ion [M™ — 31] as the base peak confirms the formation of
the regioisomer 5 on each occasion.

In the case of the aliphatic amines, the regioisomers could
not be separated by column chromatography and eluted
simultaneously in the GCMS (capillary column). However,
the presence of ion peaks [M™ — 31] and [M™" — 106] indi-
cates the formation of 5 and 6, respectively. The regioselec-
tivity was determined by 'H NMR spectroscopy on the
basis of the integral values of the benzylic methine and
methylene proton signals corresponding to 5 and 6, which
appear at & =~ 3.9 and 4.7 ppm, respectively.l>*!

The reaction of 4 with aromatic amines afforded the
product obtained from nucleophilic attack at the benzylic
carbon atom as the major regioisomer (Table 2, Entries
1—3). Aliphatic amines showed a marginal preference for
nucleophilic attack at the terminal carbon atom (Table 2,
Entries 4—06). The regioselective formation of 5 in the reac-
tion with aromatic amines may be accounted for by the fact
that the phenyl group in 4 induces a carbocationic character
at the benzylic carbon atom in the LiBr complex of 4 due
to the resonance effect. Thus, aromatic amines react selec-
tively at the benzylic carbon atom of 4 due to their lower
nucleophilicity. The relatively better nucleophilicity of ali-
phatic amines favours an Sy2 process, thus influencing the
nucleophilic attack at the terminal carbon atom of 4. There-
fore, the competing electronic effect of the phenyl group in
4 and the increased nucleophilic property of the aliphatic
amines, relative to the aromatic amine, result in overall
poor regioselectivity.
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To evaluate the generality, various epoxides were treated
with 2a in the presence of LiBr (Table 3).

Table 3. Reaction of various epoxides with 2a catalyzed by LiBr;
the epoxide (2.5 mmol) was treated with 2a (2.5 mmol) in the pres-
ence of LiBr (5 mol %) at room temperature under nitrogen in the
absence of solvent for Sh

Entry Amine Product™ Yield [%]™
H‘\\OH
1 <\/[\o d 100
)
OH g
2 /LO_\ )\/N\© 100

OH

OVLO& O\/K/? 100
U s
XO\/& JOHVQ o0

w

S

[al Determined by GCMS and 'H/'3C NMR spectroscopy. [l Iso-
lated yields of the corresponding amino alcohol.

Quantitative formation of the corresponding amino al-
cohols demonstrated the efficiency of LiBr. The reaction
with cyclopentene oxide resulted in the exclusive formation
of the trans diastereoisomer (Table 3, Entry 1).1'31 In the
cases of unsymmetrical epoxides such as methyloxirane, gly-
cidyl phenyl ether and tert-butyl glycidyl ether (Table 3, En-
tries 2—4), complete selectivity for nucleophilic attack at
the less hindered carbon atom of the epoxide was observed,
which demonstrates the generality of regioselectivity for
non-styrenoidal oxides. These observations suggest that the
reversal of the regioselectivity (nucleophilic attack at the
more hindered benzylic carbon atom) during the reaction
of 4 with 2a and other aromatic amines was controlled by
the electronic factor of the phenyl group in 4.

The reaction of epichlorohydrin (Table 3, Entry 5) exem-
plified the excellent chemoselectivity that led to quantitative
formation of the amino alcohol, corresponding to nucleo-
philic attack at the terminal carbon atom of the epoxide
ring. No product arising from nucleophilic displacement of
the chlorine atom could be detected through GCMS analy-
sis of the reaction mixture. The high oxophilicity of Li*
entails a strong coordination between Li*™ and the alkoxide
generated after nucleophilic attack on the LiBr-complexed
epoxide, thus prohibiting concommitant elimination of the
chloride anion. The quantitative formation of the desired
product relative to 81 and 69% yields obtained during the
ZrCl, 28 and silica-gel!'”! catalyzed reactions, respectively,
establish that this newly developed catalyst is more effective.

Eur. J. Org. Chem. 2004, 3597—3600 wWWww.eurjoc.org

The relative coordinating ability of different epoxides
with the Li* ion should enable the selective opening of the
epoxide ring during intermolecular competition. Thus, a
mixture of 3-phenoxypropylene oxide (2.5 mmol) and styr-
ene oxide (2.5 mmol) was treated with aniline (2.5 mmol) in
the presence of LiBr (5 mol %) at room temperature for 5 h
in the absence of solvent (Scheme 3).

i oH
O o] LiBr (5 mol %) o

+ + _Bromol A
PO A © AN PPN PhO\)\/NHP}nPh A

2.5 mmol 2.5 mmol 2.5 mmol

Scheme 3. Selectivity of epoxide ring opening by aniline during
intermolecular competition catalyzed by LiBr

The exclusive formation of the amino alcohol from nucle-
ophilic cleavage of the epoxide ring of 3-phenoxypropylene
oxide took place, and no significant amount of the amino
alcohols resulting from nucleophilic attack by aniline on
styrene oxide was detected (GCMS). The selective opening
of the epoxide ring in 3-phenoxypropylene oxide may be
explained by the chelating ability of the oxygen atoms of
the phenoxy group and the epoxide oxygen atom of 3-
phenoxypropylene oxide with the Li* ion, which leads to a
favourable five-membered transition state. The absence of
such a chelation effect with styrene oxide results in a less
favourable transition state, and selective activation of the
epoxide ring in 3-phenoxypropylene oxide takes place.

In conclusion, this study demonstrates that LiBr is a
highly efficient catalyst for the opening of epoxides with
amines. The mild reaction conditions, applicability with
various epoxides and amines (aromatic and aliphatic) and
chelation effect leading to selective epoxide activation, offer
specific advantages. With increasing environmental con-
cerns,?®! the use of an inexpensive, easy to handle, non-
toxic catalyst and solvent-free reaction conditions should
fulfil the “triple bottom line”*!1 philosophy of green chem-
istry, and thus the present method is “environmentally fri-
endly” and potentially useful for industrial applications.

Experimental Section

Typical Procedure. 2-(Phenylamino)cyclohexanol: LiBr (10 mg, 5
mol %) was added to a magnetically stirred mixture of 1 (0.25 mL,
2.5 mmol) and 2a (0.225 mL, 2.5 mmol) at room temperature under
nitrogen. After completion of the reaction (1 h, GCMS), the reac-
tion mixture was diluted with water (10 mL) and extracted with
Et,O (2 X 15mL). The combined ethereal extracts were dried
(Na,SO,) and concentrated under vacuum to afford 2-(phenylami-
no)cyclohexanol (3a) (0.428 g, 90%). IR (neat): v = 3354, 2931,
2858, 1601, 1500, 1448, 1319, 1067 cm~!. 'TH NMR (300 MHz,
CDCl;): 6 = 1.03—1.42 (m, 4 H), 1.72—1.78 (m, 2 H), 2.9 (m, D,O
exchangeable, 2 H), 2.10—2.16 (m, 2 H), 3.13 (ddd, J = 3.9, 10.0,
10.1 Hz, 1 H), 3.33 (ddd, J = 4.2, 10.4, 10.5Hz, 1 H), 6.7—7.2 (m,
5 H) ppm. '3C NMR (300 MHz, CDCls): § = 24.27, 25.02, 31.62,
33.15, 60.17, 74.55, 114.40, 118.38, 129.34, 147.81 ppm. EIMS:
m/z = 191 [M*]. Identical ("H and '*C NMR and MS) with an
authentic sample.['?"! This general procedure was applied for other
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reactions. On each occasion, the product was identified by compar-
ing the spectroscopic data (IR, NMR, MS) with those reported in
the literature.
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