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Abstract

Epoxides and aziridines undergo ring-opening readily with NaNj3 in the presence of ammonium-12-molybdophosphate to afford the corresponding
2-azidoalcohols and 2-azidoamines in high yields with good regio- and stereoselectivity under mild reaction conditions.
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Epoxides [1] and aziridines [2] are the most useful synthetic
intermediates in organic synthesis. Because of their ring strain
and high reactivity, their reactions with various nucleophiles
lead to high regio- and stereoselective ring-opening products
[3,4]. Among these, the azidolysis of epoxides and aziridines
are the most important for preparation of azidoalcohols [5] and
azidoamines [6]. The vicinal azidoalcohols are precursors of
aminoalcohols [7] which are well known as B-blockers and
present in various natural products and different bioactive com-
pounds [8]. They are also useful for the synthesis of amino
sugars and carbocyclic nucleosides [9]. 1,2-Azidoamines are
precursors of vicinal diamines which have various applica-
tions in organic synthesis [10]. A valuable synthetic route to
2-azidoalcohols and 2-azidoamines consists of ring-opening of
epoxides and aziridines, respectively, with azide ion.

The conventional method for the preparation of azidohydrins
employing NaN3 and NH4ClI requires a longer reaction time
(12-48 h) and generates side products [8]. The recent methods
for azidolysis of epoxides [11] and aziridines [11f,12] utilize a
combination of NaN3 or TMSN3 in the presence of a Lewis acid
or a transition metal complex. Although these methods are use-
ful for the synthesis of 2-azidoalcohols and 2-azidoamines many
of them suffer from different disadvantages, such as high tem-
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perature longer reaction times, unsatisfactory yields and poor
regioselectivity. Thus, an improved protocol for the preparation
of these azido compounds is highly desirable.

In continuation of our work [13] on the development of use-
ful synthetic methodologies, we have recently observed that
ammonium-12-molybdophosphate (AMP) (NH4)3[PMo12040]
[14] can efficiently be applied for cleavage of epox-
ides and aziridines with NaNj3 to form the corresponding
1,2-azidoalcohols and 1,2-azidoamines, respectively, in the fol-
lowing (Scheme 1).

Different epoxides and N-tosyl aziridines underwent ring-
opening easily with NaN3 in the presence of AMP at room
temperature (Table 1). The products were formed in excellent
yields. The conversion was complete in 3—5 h. Both the epoxides
and aziridines yielded the products with equal ease.

In the present conversion, the ring cleavage of epoxides
and aziridines occurred with high regio- and stereoselectiv-
ity. 2-Phenyl epoxides and N-tosyl-2-phenyl aziridines formed
the products by opening at the benzylic position and 2-alkyl
epoxides and N-tosyl-2-alkyl aziridines formed the products
by cleavage at the terminal position. The ring-opening of
bicyclic epoxides and aziridines with NaN3 furnished the azo-
compounds with trans-configuration indicating the conversion
to be anti-stereoselective. In the '"H NMR spectra, the ring pro-
tons of 2h appeared at § 3.35 (1H, ddd, J=9.8, 9.2, 42Hz)
[>CH(OH)] and 3.12 (1H, ddd, J=9.5, 9.2, 4.2 Hz) [>CHN3]
while those of 2n at § 3.73 (1H, m) [>CH (NHTs)] and 3.34
(1H, ddd, J=9.5,9.2, 4.1 Hz) [>CHN3].
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Table 1

Ring-opening of epoxides and aziridines with NaN3 using AMP
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The structures of the products were established from their spectral (IR, 'H NMR and MS) and analytical data.
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Scheme 1.

In recent years, heteropoly acids and their salts have gained
much importance in laboratories as well as in industries due
to their impressive catalytic activity and ability to conduct the
reactions in a clean manner [15]. The synthetic utilities of these
catalysts has not yet been fully explored. The present catalyst,
AMP (the ammonium salt of a heteropoly acid) is commercially
available. It is highly efficient for the ring-opening of both epox-
ides and aziridines with NaN3 at room temperature. The catalyst,
AMP works under heterogeneous conditions and can conve-
niently be handled and separated from the reaction mixture by
simple filtration.

In conclusion, we have developed a mild and simple method
for the preparation of 1,2-azidoalcohols and 1,2-azidoamines
by ring-opening of epoxides and aziridines, respectively, with
NaN3 using AMP as a heterogeneous catalyst. The high yields
and excellent regio- and stereoselectivity are advantages of the
present protocol.

1. Experimental

1.1. General procedure for the synthesis of
1,2-azidoalcohols and 1,2-azidoamines

To a mixture of epoxide (or N-tosyl aziridine) (1 mmol) and
NaNj3 (1.5 mmol) in CH3CN (5 ml) AMP (10 mol%) was added.
The mixture was stirred at room temperature. After completion
of the reaction, as monitored by TLC, water—EtOAc (1:1) (10 ml)
was added and the mixture was shaken and filtered. The organic
portion was separated from the filtrate and the aqueous portion
was extracted with EtOAc (2 x 5ml). The combined organic
portions were concentrated and subjected to column chromatog-
raphy (silica gel, hexane—EtOAc) to afford the corresponding
azidoalcohols or azidoamines.

The spectral and analytical data of some representative azido-
compounds are given below.

2a: IR (KBr)—umax 3528, 2103, 1680, 1592 cm~!; 'THNMR
(CDCl3,200MHz): 6 7.42-7.23 (SH, m), 4.65 (1H, t,J= 6.0 Hz),
3.71 (2H, d, J=6.0Hz), 1.84 (1H, brs); FABMS: m/z 164
[M+H]*"; Anal. Calcd. for CgHgN3O: C, 58.90; H, 5.52; N,
25.77%. Found: C, 58.81, H, 5.62; N, 25.83%.

2e: IR (KBr)—umax 3408, 2104, 1599, 1451 cm™'; '"H NMR
(CDCls, 200MHz): § 7.23 (2H, d, /J=8.0Hz), 6.81 (2H, d,
J=8.0Hz),4.14 (1Hm),3.95 (2H,d,/=6.0 Hz), 3.61-3.42 (2H,
m), 2.62 (1H, d, J=6.0Hz); FABMS: m/z 230, 228 [M +H]";
Anal. Calcd. for CoHoCIN3O,: C, 47.47; H, 4.40; N, 18.46%.
Found: C, 47.54; H, 4.48, N, 18.39%.

2h: IR (KBr)—umax 3429,2100, 1603, 1452 cm~!; 'THNMR
(CDCl3, 200 MHz): § 3.35 (1H, ddd, J=9.8, 9.2, 42 Hz), 3.12
(1H, ddd, J=9.5, 9.2, 42Hz), 2.31 (1H, brs), 2.12-195 (2H,
m), 1.83-1.68 (2H m), 1.43-1.16 (4H m); FABMS: m/z 142
[M+H]*"; Anal. Calced. for C¢H1N3O: C, 51.06; H, 7.80; N,
29.79%. Found: C, 51.14; H, 7.86; N, 29.71%.

21: IR (KBr)—umax 3284, 2106, 1598, 1451 cm~!; 'TH NMR
(CDCl3, 200MHz): § 7.72 (2H, d, J=8.0Hz), 7.28 (2H, d
J=8.0Hz),7.18-7.06 (4H,m), 5.29 (1H, t,J = 6.0 Hz), 4.54 (1H,
dd, J=7.0, 6.0Hz), 3.21-2.92 (2H, m), 2.42 (3H, s) 2.31 (3H,
s); FABMS: m/z 331 [M +H]*; Anal. Calcd. for C1¢H18N4O,S:
C, 58.18; H, 5.45; N, 16.97%. Found: C, 58.24; H, 5.42; N,
16.88%.

2n: IR (KBr)—umay 3280, 2102, 1599, 1454 cm™'; '"H NMR
(CDCl3, 200MHz): § 7.78 (2H, d, J=8.0Hz), 7.32 (2H, d,
J=8.0Hz),5.79 (1H,d, J=6.0Hz),3.73 (1H, m), 3.34 (1H, ddd,
J=9.5,9.2, 4.1Hz), 2.47 (3H, s) 2.01-1.88 (2H, m), 1.73-1.52
(3H, m) 1.43 (1H, m); FABMS: m/z 281 [M + H]*; Anal. Calcd.
for C1pHgN4O,S: C, 51.43; H, 5.71; N, 20.00%. Found: C,
51.48; H, 5.73; N, 20.08%.

20: IR (KBr)—umax 3281, 2101, 1599, 1451 cm~!; 'THNMR
(CDCl3, 200MHz): § 7.81 (2H, d, J=8.0Hz), 7.32 (2H, d,
J=8.0Hz), 5.54 (1H, d, J=6.0Hz), 3.32-3.14 (3H, m), 2.42
(3H, s), 1.51-1.32 (2H, m), 1.22-0.98 (4H, m), 0.75 (3H,
t, J=7.0Hz); FABMS: m/z 297 [M+H]*; Anal. Calcd. for
C13H20N40,S: C, 52.70; H, 6.76; N, 18.92%. Found: C, 52.76;
H, 6.71; N, 18.86%.
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