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The discovery of a novel synthesis of new fused bicyclic isoxazoles, for example, N-methyl-3-phenyl-5,6-
dihydro-4H-isoxazolo[3,4-c]azepin-8-amine (2a), N-methyl-3-phenyl-4,5-dihydroisoxazolo[3,4-c]pyri-
din-7-amine (2b) and N-methyl-3-phenyl-4H-pyrrolo[3,4-c]isoxazol-6-amine (2d) in high yield is
reported. We speculate that the reaction proceeds via acid-mediated intramolecular 1,3-dipolar cycload-
dition from 2-nitro-1,1-ethenediamines 1a,b,d.

� 2010 Elsevier Ltd. All rights reserved.
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N-methyl-3-phenyl-5,6-dihydro-4H-
isoxazolo[3,4-c]azepin-8-amine 2a (79%)

N-methyl-3-phenyl-4,5-dihydroisoxazolo
[3,4-c]pyridin-7-amine 2b (83%)

N-methyl-3-phenyl-4H-pyrrolo
[3,4-c]isoxazol-6-amine 2d (~1%)

Figure 1. Novel bicyclic isoxazoles 2a,b,d with isolated yields.
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The isoxazole ring is a commonly occurring structural fragment
in biologically active molecules, for example, natural products such
as muscimol and ibotenic acid1 and marketed drugs (e.g., Valdec-
oxib, Bextra�).2 Thus isoxazoles have been widely used and studied
in modern drug discovery.3

Isoxazoles can be prepared in many ways, but the most widely
reported and researched synthesis of isoxazoles is via a [3+2]
cycloaddition of a nitrile oxide and an alkyne. Conventional gener-
ation of a nitrile oxide requires dehydration of a nitroalkane or
similar starting material.4–8 Other methods for generating nitrile
oxides are by reaction of aldoximes with oxidising agents9 or hal-
ogenating species10 (in the latter case the reaction proceeds via
hydroximoyl chlorides, followed by elimination of HCl with base).

Herein, we report the discovery and optimisation of a novel syn-
thesis of previously unreported fused bicyclic isoxazoles 2a,b,d
(Fig. 1). We believe that the reaction proceeds via acid-mediated
intramolecular 1,3-dipolar cycloaddition from 2-nitro-1,1-ethen-
ediamines 1a,b,d.

Treatment of 2-nitro-1,1-ethenediamine derivative 1a with TFA
at 70 �C affords the bicyclic isoxazole heterocycle 2a in good yield
(Scheme 1). This procedure exploits the ability of the 2-nitro-1,1-
ethenediamine functionality to rearrange under acidic conditions.
Recently, Coustard et al.11 reported that similar intermediates
could generate nitrile oxides in situ which subsequently cyclise
intramolecularly onto a phenyl ring.12 With our intermediates no
ll rights reserved.
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cycloaddition onto the phenyl ring was observed. It is pertinent
to note that this is, to the best of our knowledge, the first example
1a 2a

Scheme 1. Reagents and conditions: (a) TFA (10 equiv), MeCN, 70 �C, 24 h, followed
by rt 48 h.
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Table 1
An investigation on multiple variables to optimise the synthesis of bicyclic isoxazoles
2a,b,d

Substrate Heat Time (min) T (�C) Solvent Producta (UV %)

1a D 30 83 MeCN 2a (31)
1a D 60 83 MeCN 2a (52)
1a D 120 83 MeCN 2a (79)
1a D 180 83 MeCN 2a (86)
1a MW 5 140 MeCN 2a (78)
1a MW 5 140 DMF 2a (57)
1a MW 5 140 DMSO 2a (57)
1a MW 5 140 THF 2a (21)
1a MW 5 140 H2O 2a (10)
1a MW 5 140 EtOH No product
1a MW 5 140 CH2Cl2 2a (22)
1a MW 0.5 140 MeCN 2a (69)
1a MW 2 140 MeCN 2a (72)
1a MW 10 140 MeCN 2a (76)
1a MW 20 140 MeCN 2a (77)
1a MW 5 100 MeCN 2a (65)
1a MW 5 120 MeCN 2a (63)
1a MW 5 160 MeCN 2a (77)
1b VW 5 140 MeCN 2b (90)
1b MW 10 120 MeCN 2b (86)
1b MW 15 120 MeCN 2b (75)
1b MW 10 100 MeCN 2b (32)
1d MW 5 140 MeCN 2d (51)
1d MW 5 120 MeCN 2d (27)
1d VW 10 120 MeCN 2d (51)

Each reaction was conducted with 2 equiv of concd H2SO4 present.
a Results quoted as percentage area from the LC-MS UV trace.

L. W. Page et al. / Tetrahedron Letters 51 (2010) 3388–3391 3389
of the formation of an isoxazole via acid-mediated intramolecular
1,3-dipolar cycloaddition from 2-nitro-1,1-ethenediamines.

The procedure is versatile as the 2-nitro-1,1-ethenediamine
derivatives can be readily prepared from a wide variety of amines
using commercial reagents under mild conditions. Several syn-
thetic approaches to intermediates 1a–d were utilised. The route
shown in Scheme 2 afforded alcohols 4a–c via Sonogashira cou-
pling with commercial acetylene alcohol derivatives 3a–c.13

Amines 5a–c were prepared utilising Staudinger chemistry,14 and
subsequent treatment with N-methyl-1-(methylthio)-2-nitroe-
then-1-amine gave 2-nitro-1,1-ethenediamines 1a–c in high yield.

2-Nitro-1,1-ethenediamine 1d was prepared according to
Scheme 3. Commercial 2-propyn-1-amine (6) was first treated
with N-methyl-1-(methylthio)-2-nitroethen-1-amine to give the
acetylene-nitro-etheneamine derivative 7, and subsequent Sono-
gashira coupling afforded 1d.

To determine optimal conditions rapidly several trial reactions
against each variable were piloted. Each reaction was monitored
crudely by UV absorbance percentage peak area, which was con-
firmed by observation of the product molecular ion using LC-MS.15

The studies show that the use of the microwave irradiation
greatly reduces the reaction time whilst maintaining comparable
yields to those of conventional thermal conditions. For example,
cyclisation typically occurring in 2–3 h is comparable to 5 min
with microwave irradiation (Table 1).

The data in Table 1 show that polar aprotic solvents are optimal
solvents. Polar aprotic solvents are very efficient at absorbing
microwave irradiation and are also good at solvating cations. This
can lead to increased reactivity and improved reaction rates. Ace-
tonitrile was the highest yielding solvent. Less polar solvents such
as CH2Cl2 and THF performed poorly and some decomposition of
the starting material was observed. Polar protic solvents (EtOH,
water) were either very poor yielding or gave no product at all. It
is likely that the hydrogen bonding abilities of the polar protic
solvents could lead to solvent cage-like effects which stabilise
intermediates and prevent product formation; reversibility on
work-up could also explain the presence of starting materials in
these cases.
OHn

N
H

NH

N
+

O

O

nNH2n

OHn

3a (n=3)
3b (n=2)
3c (n=4)

a
4a (n=3)
4b (n=2)
4c (n=4)

5a (n=3)
5b (n=2)
5c (n=4)

b, c, d e

1a (n=3)
1b (n=2)
1c (n=4)

Scheme 2. Reagents and conditions: (a) iodobenzene, (Ph3P)2PdCl2, CuI, Et3N,
MeCN, 40 �C, 80–87%; (b) MsCl, Et3N, CH2Cl2, rt, 80–91%; (c) NaN3, DMF, 60 �C, 93–
99%; (d) Ph3P, THF, H2O, 60 �C, 70–78%; (e) N-methyl-1-(methylthio)-2-nitroethen-
1-amine, EtOH, H2O, rt, 76–82%.
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Scheme 3. Reagents and conditions: (a) N-methyl-1-(methylthio)-2-nitroethen-1-
amine, EtOH, H2O, rt, 80%; (b) iodobenzene, (Ph3P)2PdCl2, CuI, Et3N, MeCN, 40 �C,
82%.
Precise mechanistic details remain unclear. One suggested
mechanism by Coustard et al.11 uses a strong acid to generate a ni-
trile oxide in situ which would subsequently undergo 1,3-dipolar
cycloaddition onto the alkyne. It is equally plausible that the 1,3-
dipolar cycloaddition occurs via a stepwise process. Scheme 4
shows a stepwise mechanism proposed from similar work by Ohw-
ada et al.16 In this case, O-protonated aci-nitro species generated
in situ would undergo 1,3-dipolar cycloaddition. Further work is
required to determine the real pathway to the isoxazole.

Time was less critical on the outcome of the 1,3-dipolar cyclo-
addition reaction. The optimal time would appear to be 5 minutes
by the recorded UV % peak areas shown by LC-MS. However, as
long as the optimal temperature was reached, a high yield of prod-
uct was observed across the time ranges from 30 s to 20 min.

The optimal temperature was found to be 140 �C for forming
the 7-ring fused isoxazole 2a. It was also the case that 140 �C for
5 min was optimal for the formation of 6-ring fused isoxazole 2b
and the 5-ring fused isoxazole 2d (Table 1).
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Further studies (Table 2) indicated that two equivalents of con-
centrated sulfuric acid (pKa �3)17 were the best combination of
acid and equivalents for the successful cycloadditions. Concen-
trated hydrochloric acid (pKa �8)17 and TFA (pKa 0.25)17 gave con-
siderable product peaks by LC-MS (UV %) but weaker acids such as
acetic acid (pKa 4.76)17 and phosphoric acid (pKa 2.12)17 resulted
in little or no products with mainly starting material recovered.
Interestingly, methanesulfonic acid (pKa �0.6)17 and trifluoro-
methanesulfonic acid (pKa �14)17 gave little product formation de-
spite being strong acids.

It is clear that the stoichiometric involvement of 2 equiv of acid
is optimal (Table 2). Too little acid prevents full consumption of all
the starting materials, but with too much acid, increased by-prod-
uct formation and decomposition were evident. The proposed
mechanism in Scheme 4 is supportive of the use of two stoichiom-
etric amounts of acid in order to achieve the isoxazole with an
overall loss of water from the starting materials.

It was not possible to prepare the novel bicyclic 8-ring fused
isoxazole from intermediate 2-nitro-1,1-ethenediamine 1c. We
propose that the greater ‘degrees of freedom’ within this system
(n = 4) make it less likely to achieve the required conformation
for cycloaddition, and in these cases, competing by-products are
formed in preference, even with longer times and elevated temper-
atures only decomposition products were observed. It was also not
possible to achieve intermolecular cycloaddition reactions with
external sources of alkyne. We assume that the protonated 2-ni-
tro-1,1-ethenediamine generated was prone to either intramolecu-
lar chemistry or decomposition before any external alkyne source
can get close enough to react (Table 2).

When using the optimised conditions of acetonitrile for 5 min of
microwave irradiation at 140 �C in the presence of 2 equiv of con-
centrated sulfuric acid, novel compounds 2a and 2b were isolated
in high yield (79% and 83%, respectively).18 The 5-ring fused isox-
azole 2d was isolated with good crude weight but after chromatog-
raphy, only poor yields of clean material were recorded.18

In summary a novel synthesis of previously unreported fused
bicyclic isoxazoles 2a (79%), 2b (83%) and 2d (poor yield/stability)
Table 2
The effects of acid and equivalents on the microwave-assisted synthesis of bicyclic
isoxazoles 2a,b,d

Substrate Acid Equivalents Producta (UV %)

1a H2SO4 2 2a (78)
1a H2SO4 1 2a (67)
1a H2SO4 0.5 2a (59)
1a H2SO4 3 2a (72)
1a H2SO4 5 2a (64)
1a TFA 2 2a (69)
1a HCl 2 2a (69)
1a MeSO3H 2 2a (1)
1a MeSO3H 4 No product
1a CF3SO3H 2 2a (11)
1a H3PO4 2 No productb

1a AcOH 2 2a (10)
1a AcOH 4 2a (6)
1b H2SO4 2 2b (90)
1c H2SO4 2 No product
1c H2SO4 1 No product
1cc H2SO4 2 No product
1cd H2SO4 10 No product
1ce H2SO4 2 No product
1d H2SO4 2 2d (51)

Each reaction was conducted at 140 �C for 5 min in the microwave oven with MeCN
as solvent.

a Results quoted as percentage area from the LC-MS UV trace.
b Poor solubility of the acid in the reaction mixture.
c Intermolecular reaction attempted with benzylethyne (5 equiv).
d Intermolecular reaction attempted with benzylethyne (4 equiv).
e Intermolecular reaction attempted with propynoic acid ethyl ester (5 equiv).
has been developed and the products characterised.18 The optimal
conditions for the intramolecular 1,3-dipolar cycloaddition reac-
tion on intermediates 1a,b,d are two equivalents of concentrated
sulfuric acid in acetonitrile (0.2 mol/L) with microwave irradiation
at 140 �C for 5 min.

This finding is a valuable addition to the literature of isoxazoles
formed by the [3+2] cycloaddition reaction. Our derived 2-nitro-
1,1-ethenediamines containing an intramolecular alkyne have
formed a new class of bicyclic isoxazole systems of which very lit-
tle is known. Moreover, this report forms a starting point for the
synthesis of further novel heterocycles using similar methodology.
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White solid, mp 113–115 �C (dec); LC-MS [M+H]+ 242; HR-MS (ES+), calcd
[M+H]+ C14H16N3O, 242.1293, found [M+H]+ 242.1286; 1H NMR (400 MHz,
CDCl3): d 2.01–2.10 (m, 2H), 2.82–3.05 (m, 5H), 3.68–3.70 (m, 2H), 7.36–7.60
(m, 3H), 7.72–7.76 (m, 2H); 13C NMR (100 MHz, CDCl3): d 23.5, 27.7, 28.6, 47.9,
113.6, 126.7, 127.7, 129.0, 130.1, 151.8, 157.0, 166.1; IR (solid): m 3393, 3056,
2896, 1634, 1526, 1448, 1208, 1162 cm�1 N-Methyl-3-phenyl-4,5-
dihydroisoxazolo[3,4-c]pyridin-7-amine (2b): White solid, mp 145–147 �C
(dec); LC-MS [M+H]+ 228; HR-MS (ES+), calcd [M+H]+ C13H14N3O, 228.1137,
found [M+H]+ 228.1134; 1H NMR (400 MHz, CDCl3): d 2.91 (t, J = 6.8 Hz, 2H),
2.99 (s, 3H), 3.78 (t, J = 6.7 Hz, 2H), 4.96–5.45 (br s, 1H NH), 7.38–7.63 (m, 3H),
7.75–7.79 (m, 2H); 13C NMR (100 MHz, CDCl3): d 19.8, 27.3, 46.1, 111.1, 126.0,
127.8, 129.1, 130.0, 149.8, 152.1, 163.2; IR (solid): m 3204, 2944, 1642, 1613,
1555, 1449, 1166 cm�1.
N-Methyl-3-phenyl-4H-pyrrolo[3,4-c]isoxazol-6-amine (2d): Pale brown solid,
mp 76–78 �C (dec); LC-MS [M+H]+ 214; HR-MS (ES+), calcd [M+H]+ C12H12N3O,
214.0980, found [M+H]+ 214.0976; 1H NMR (400 MHz, CDCl3): d 3.16 (s, 3H),
4.68 (s, 2H), 7.44–7.53 (m, 3H), 7.70–7.74 (m, 2H); 13C NMR (100 MHz, CDCl3):
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