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Abstract Various epoxides and aziridines undergo smooth
ring-opening with water in presence of 10 mol% of bismuth
triflate in acetonitrile/water (8:2) under mild reaction con-
ditions to provide the corresponding vic-diols and f-amino
alcohols in excellent yields with high regioselectivity.
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1 Introduction

Aziridines and epoxides are versatile intermediates in
organic synthesis and their reactions with different nucle-
ophiles have been the subject of current importance [1-5].
They are well-known carbon electrophiles capable of
reacting with various nucleophiles and their ability to
undergo regioselective ring-opening reactions contributes
largely to their synthetic value [6, 7]. In particular, vic-
diols and f-amino alcohols are important classes of com-
pounds in the synthesis of biologically active natural
products, unnatural amino acids and chiral auxiliaries
[8-12]. Some of these f-amino alcohols are being used as
starting materials for the preparation of oxazolines, which
have been widely explored as protecting groups for
carboxylic acids [13]. The classical method for the nucle-
ophilic ring opening of epoxides with water generally
requires heating at elevated temperatures for long reaction
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times. The high temperature reaction conditions are not
only detrimental to certain functional groups, but also to
the control of regioselectivity [14, 15]. Subsequently, a
variety of activators or promoters have been developed to
perform the epoxide and aziridine ring opening reactions
under mild conditions [16, 17]. Recently, metal triflates
have been utilized for the ring-opening of the epoxides
with alcohols, amines and phenols [18-22]. In particular,
ring-opening of epoxides with phenols has been reported
using bismuth triflate [23]. The aminolysis of epoxides has
also been reported using bismuth triflate in aqueous media
[24]. However, many of these methods suffer from one or
more disadvantages such as the use of strongly acidic
conditions, expensive/moisture sensitive reagents, stoichi-
ometric amounts of catalysts, poor regioselectivity and low
yields of desired products [18, 19]. Since, f-amino alcohols
are very useful targets in medicinal chemistry, the devel-
opment of simple, convenient and efficient approaches are
highly desirable.

Lanthanide triflates are unique Lewis acids that are
currently of great interest [25, 26]. The high catalytic
activity, low toxicity, moisture and air tolerance and their
recyclability, make the use of lanthanide triflates attractive
alternatives to conventional Lewis acids [27-29]. However,
lanthanide triflates are rather expensive and their use in
large-scale synthesis is limited. Therefore, cheaper and
more efficient catalysts are desirable. In this direction,
bismuth triflate has evolved as remarkable Lewis acid
catalyst for effecting various organic transformations [30,
31]. Compared to lanthanide triflates, bismuth triflate is
cheap, non-toxic and is easy to prepare even on a multi-
gram scale, from commercially available bismuth oxide
and triflic acid [32]. However, there have been no reports
on the use of bismuth triflate for synthesis of and f-amino
alcohols through the hydrolysis of aziridines.
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2 Results and Discussions

In view of the emerging importance of vic-diols and
f-amino alcohols in organic synthesis and as part of our on
going programme in developing new synthetic methodol-
ogies, we herein report an efficient ring-opening of
epoxides and aziridines with water catalyzed by bismuth
triflate in acetonitrile/water (8:2) system. Thus, treatment
of styrene oxide (la) with water in the presence of
10 mol% of Bi(OTf); in acetonitrile afforded styrene
1,2-diols (2) in 87% yield (Scheme 1).

This remarkable reactivity of bismuth triflate in water
provided the incentive to further study of reactions with
other epoxides. Interestingly, various terminal as well as
cyclic epoxides underwent smooth cleavage with water to
afford the respective vic-diols (entries a—m). Like epox-
ides, aziridines also reacted readily with water in the
presence of bismuth triflate in acetonitrile to give the
corresponding ff-amino alcohols (entries n-r) in excellent
yields (Scheme 2).

In the case of cycloalkyl aziridines, the stereochemistry
of the ring-opened products was found to be frans from
the coupling constants of the ring hydrogens at & 3.35
(ddd, J = 4.5, 9.8, 9.8 Hz, 1H) for (CH-OH) in 'H NMR
spectrum. Similarly the peak at J 3.15 ppm for (CH-
NHTs) showed the similar splitting pattern (ddd, J = 4.0,
9.5, 10.5 Hz, 1H). The reaction was highly regioselective
in case of styrene aziridine (entry r, Table 1). All the
reactions proceeded efficiently at room temperature and
completed with in 3-5 h. The reactions were clean and no
rearrangement of epoxide was observed even in case of
styrene oxide under these conditions. The results are
presented in Table 1. Unlike previously reported methods,
the present protocol does not require either strongly acidic
or harsh conditions to produce vic-diols or f-amino
alcohols.

OH
O 10 mol% Bi(OTf),
AN - )\/OH
R R
CH,CN/H,0, r.t.
1 2
Scheme 1

10 mol% Bi(OTf),

NHTs
N-Ts - O’
CH,CN/H,0, r.t "OH

3 4

Scheme 2

2.1 The Influence of Various Metal Triflates

The effects of different metal triflates such as In(OTf)s,
Cu(OTf),, Zn(OTf),, Yb(OTf)3, and Sm(OTf); were tested
for the hydrolysis of styrene oxide (la) with water to
produce styrene diol (2) and the comparative results are
summarized in Table 2. As seen from Table 2, the products
were obtained comparatively in low yields when Cu(OTf),,
Zn(OTf),, and Sm(OTf); were used. Of these catalysts,
bismuth(IIl) triflate was found to be the most effective
catalyst in water in terms of conversion and reaction rates.
Alternatively, 10 mol% of Sc(OTf); was found to be
equally effective for this conversion. In absence of catalyst,
the reaction was rather sluggish in water and resulted in
very low yields (15-25%) of diols even under heating
conditions.

2.2 The Catalytic Activity

Compared to conventional Lewis acid such as BF;-OEt,
and BiClj, Bi(OTf); is particularly attractive because it can
be used in water. Since a water solution of Bi(OTf); is
acidic [24, 33, 34] it may be possible that the true catalyst
is TfOH produced from hydrolysis of Bi(OTf);. However,
TfOH is not as effective as Bi(OTf); to catalyze the
hydrolysis of styrene oxide (10% TfOH at 25 °C, 3 h,
65%) suggests that a Lewis acid is likely involved in
activating the epoxide. Also, the practical use of Bi(OTf);
is high valuable as TfOH is very corrosive and difficult to
handle. Moreover, another Lewis acid like Bi(O,CF5); did
not give good yield and selectivity. Thus, Bi(OTf); proved
to be a better catalyst for the hydrolysis of epoxides and
aziridines.

2.3 Catalysts Characterization

The catalyst Bi(OTf); was characterized by X-ray dif-
fraction (XRD) and FT-IR and the spectra are shown in
Figs. 1 and 2. The catalyst is highly crystalline and
exhibiting the characteristic patterns of Bismuth. The FT-
IR spectrum of Bi(OTf); contains strong absorption bands
at 1,600 and 1,259 cm™! which represents —SO, and CFj,
respectively.

2.4 Reusability of the Catalyst

The recovered aqueous solution of Bi(OTf); could be
reused in further reactions with gradual decrease in activ-
ity. For example, treatment of styrene oxide with recovered
aqueous solution of Bi(OTf); over 3 h gave 88, 80, and
75% yield, respectively, over three cycles. This observation
clearly shows the reusability of the catalyst.
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Table 1 Synthesis of 1,2-diols and amino alcohols employing metal triflates in water

Bi(OTh), Sc(OTH,
Entry Substrate Product?
Time[h] Yield[%]®) Time(h] Yield[%]®)
OH
? OH
a (2a) 3.0 88 3.3 85
d o
o0\ o H
b @ @ (2b) 3.1 90 34 80
° OH
0. 0 _A_OH
c /©/ @ (20) 35 85 40 78
H,C H.C
o OH
[SNNY O _A_OH
d @ @ (2d) 38 92 40 80
H,CO H,CO
o H
04 o _A_OH
e /@ /@ (2e) 40 9 45 85
cl cl
o OH
0 O _A_OH
f f© f(j @) 52 83 6.0 77
H,CO H,CO OH
¢} \/& o \)\/ OH
9 (29) 55 80 6.2 75
o o
0 OH
h ~ ~A_OH (2h) 35 89 4.0 82
o OH
i Ch e A_oH (2i) 40 85 42 80
o OH
J NN o~~~ A OH i) 5.0 78 6.0 75
OH
k CE o g (2K) 4.5 88 4.8 84
OH
OH
! Q °© O‘ (@) 40 88 45 82
"/OH
OH
m OO O (2m) 5.0 78 5.2 75
“'OH
NHTs
n CE N-Ts g (4n) 4.0 88 45 80
OH
NHTs
° ON'TS O‘ (40) 5.0 90 52 87
""OH
NHTs
P Q N-Ts Q‘ (4p) 4.2 85 45 80
OH
NHTs
q QN-TS O (aq) 40 84 42 80
""OH
N-Ts OH
NHTSs
r @A @A (ar) 35 92 4.0 85

* All the products were characterized by 1H NMR, IR and mass spectroscopy

® Yield refers to pure products after chromatography
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Table 2 A comparative study of various metal triflates for the
preparation of 2a

S. no Catalyst Reaction time (h) Yield (%)*
a 10 mol% In(OT*)3 3.0 72
b 10 mol% Cu(OTf)2 3.0 45
c 10 mol% Zn(OT*)2 3.0 58
d 10 mol% Yb(OTY)2 3.0 70
e 10 mol% Sm(OTf)2 3.0 60
f 10 mol% Sc(OTf)2 3.0 85
g 10 mol% Bi(OTf)2 3.0 88
h 10 mol% Bi(TFA)3 3.0 72
i 10 mol% BiCl3 3.0 68
j 10% TfOH 3.0 65

 Yield refers to pure products after chromatography
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Fig. 2 FT-IR spectra of Bi(OTf);

2.5 Selectivity of the Catalyst

Various bismuth(IIl) derivatives as BiCl;, Bi(OCOCFs5)3,
and Bi(OSO,Me); were found to be inefficient for the these

reactions. For example, treatment of styrene oxide with
Bi(OTf); in aqueous acetonitrile gave vic-diol exclusively
whereas the same reaction using BiCl; gave a mixture of
vic-diol and chlorohydrin in 1:1 ratio. This experiment
clearly shows the high selectivity of this procedure.

3 Conclusion

In summary, we have developed an efficient method for the
ring opening of epoxides and aziridines with water using
10 mol% of Bi(OTf); in aqueous media. In addition to its
simplicity and mild reaction conditions, this method pro-
vides high yields of products in short reaction times. The
use of bismuth triflate makes it simple, convenient and
practical method to prepare biologically relevant f-amino
alcohols and vic-diols. Advantages of this method include
the highly catalytic nature of the reagent, low toxicity and
low cost of the Lewis acid catalyst, fast reaction rates and
insensitivity of the Lewis acid to air and moisture.

4 Experimental

Melting points were recorded on Buchi R-535 apparatus
and are uncorrected. IR spectra were recorded on a Perkin—
Elmer FT-IR 240-c spectrophotometer using KBr optics.
"H-NMR and ">C spectra were recorded on Gemini-200
and Varian Bruker-300 spectrometer in CDCl; using TMS
as internal standard. Mass spectra were recorded on a
Finnigan MAT 1020 mass spectrometer operating at
70 eV.

4.1 Typical Procedure

Styrene oxide (1 mmol), was dissolved in acetonitrile/
water (8:2) in the presence of bismuth triflate (0.1 mmol)
and was stirred at room temperature for appropriate time
(see Table 1). The progress of the reaction was monitored
by thin layer chromatography. After the complete conver-
sion as indicated by TLC, the reaction mixture was
extracted with ethyl acetate (2 x 10 mL). The combined
organic layers were dried over Na,SO, and concentrated
under reduced pressure to obtain the crude product, which
was purified by column chromatography using silica gel
(60-120 mesh) to give pure styrene diol.

4.2 Spectral Data for Selected Products
3-(4-2-Methoxyethyl) Phenoxy-1, 2-propanediol (2f). Col-
ourless oil, IR (KBr): v 3,525, 3,330, 3,255, 2,970, 2,850,

1,605, 1,555, 1,420, 1,275, 1,130, 1,015, 930, 827,
730 cm~'. 'TH NMR (200 MHz, CDCl5): § 2.75 (t, 2H,
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J = 7.0 Hz), 3.30 (s, 3H), 3.52 (t, 2H, J = 7.0 Hz), 3.60—
445 (m, 5H), 6.75 (d, 2H, J = 8.2 Hz), 7.05 (d, 2H,
J = 8.2 Hz). EIMS: m/z (%): 226 (m™ 20), 152 (100), 94
(70), 77 (40), 43 (15).

Trans-2-(N-tosylamino)-1-cyclopentanol (4n). IR (KBr):
v 3,465, 3,186, 3,067, 2,951, 2,843, 1,612, 1,599, 1,510,
1,493, 1,357, 1,261, 1,127, 1,043, 971, 852, 736 cm™'. 'H
NMR (200 MHz, CDCl5): 6 1.30-1.42 (m, 1H), 1.52-2.08
(m, 6H), 2.45 (s, 3H), 3.20-3.30 (m, 1H), 3.98-4.10 (m,
1H), 4.85 (d, 1H, J = 6.5 Hz), 7.36 (d, 2H, J = 8.0 Hz),
7.85 (d, 2H, J = 8.0 Hz). EIMS: m/z (%): 255 (m™ 15),
238 (22), 155 (32), 100 (100), 91 (12), 76 (28), 51 (35).

Trans-2-(N-tosylamino)-1-cyclooctanol (4g).IR (KBr): v
3,540, 3,280, 3,155, 2,940, 1,580, 1,445, 1,415, 1,250,
1,120, 931, 820, 735 cm™'. '"H NMR (200 MHz, CDCl5):
01.95-1.34 (m, 12H), 2.42 (s, 3H), 2.65-2.72 (m, 1H),
2.91-3.1 (m, 1H), 3.35-344 (m, 1H), 5.10 (d, 1H,
J=8.0Hz), 742 (d, 2H, J= 8.0 Hz), 7.83 (d, 2H,
J = 8.0 Hz). EIMS: m/7 (%): 297 (m™ 20), 155 (30), 91
(100), 76 (20), 51 (25).
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