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Abstract: The dienes tethered by hydroxylamine were efficiently
cyclized into 6- to 10-membered heterocycles containing an N-O
bond by catalytic ring-closing metathesis.
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Heterocyclic compounds containing an N-O bond are
valuable synthetic intermediates. The 1,2-oxazines (6-
membered rings) are easily accessible by Diels–Alder re-
actions of nitroso compounds1 and by many other synthet-
ic methods.2 But the synthesis of medium rings of this
class are still difficult. Recently, ring-closing metathesis
(RCM)3 have been applied extensively in organic synthe-
sis, but little attention has been given to the synthesis of
heterocycles containing the 1,2-oxaza group. Only few
references were reported in the literature concerning the
synthesis of 1,2-oxazines and 1,2-oxazepines by RCM.4

Herein, we report a general synthetic method of 6- to 10-
membered heterocycles containing an N-O bond (1) by
ring-closing metathesis of alkenes tethered by hydroxyl-
amine (3) as shown in Scheme 1.

Scheme 1

The starting dienes (3a–i) were prepared by double alkyl-
ation reactions of the N-Boc-hydroxylamine (4) with suit-
able bromoalkenes under the standard alkylation
conditions (Scheme 2). The alkylations of 4 with the first
bromoalkenes afforded the O-alkylation products (5)
which were further reacted with the second bromoalkenes
to give 3a–i. The N-alkenyloxyacrylamides (6a–c) were

also prepared from 5 with acryloyl chloride in the pres-
ence of triethylamine.

The substrates 3a–i were reacted with 10 mol% Grubbs’
catalyst (7) under refluxing dichloromethane solution
(Scheme 3). The results of the metathesis reactions were
summarized in Table 1. We first tried the synthesis of 1,2-
oxazine and 1,2-oxazepine. The O,N-Diallyl-hydroxy-
lamine (3a) cyclized smoothly into the 1,2-oxazine (8a) in
less than 4 hours in 93% yield (Table 1, entry 1). The next
homologues (3b–c) required a little longer reaction times
(24 h and 14 h respectively), however, produced the 1,2-
oxazepines (8b–c) in good yields (Table 1, entries 2 and
3).

Scheme 2

Scheme 3

We then moved to the synthesis of medium rings. The
synthesis of 1,2-oxazocines (8d–f, 8-membered rings),
from the corresponding substrates 3d–f required high di-
lution conditions (0.006 M) for the best cyclization yields
(Table 1, entry 4–6). The product yields (82–90%) were
good under the optimized conditions. Interestingly, the
positions of the double bond in 1,2-oxazocine products af-
fected little to the metathesis reactions. Treatments of the
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next homologues 3g and 3h with Grubbs’ catalyst (7) af-
forded the 1,2-oxazonines (8g and 8h, 9-membered rings)
in 63% and 80% yields (Table 1, entry 7 and 8). Further-
more, the metathesis approach can even be applicable for
the preparation of a 1,2-oxazecine (10-membered ring) as
exemplified in the synthesis of 8i (Table 1, entry 9).

According to the literature surveys, only few examples of
the preparation of 1,2-oxazocines were known,5 however,
no metathesis approaches to this class of heterocycles
were reported. Surprisingly, the related 9- and 10-mem-
bered heterocycles are, to our knowledge, unprecedented
structures.6

To see the effects of the protecting groups in the metathe-
sis reactions, the N-benzoyl-protected substrates (9a–c)
were examined (Table 2). In general, N-benzoyl-protect-
ed substrates (9a–c) cyclized faster than the correspond-
ing N-Boc-protected ones (3a, 3b, and 3d) and delivered
the cyclized products in higher yields.

Next, the N-alkenyloxyacrylamides (6a–c) were subject-
ed to the metathesis conditions (Table 3). Cyclizations of
the substrate 6a and 6b produced the corresponding 3-
oxo-1,2-oxazine 11a (88%) and 3-oxo-1,2-oxazepine 11b
(84%) respectively (Table 3, entries 1 and 2). The next ho-
mologue 6c, however, was unreactive under the reaction
conditions and the starting material was recovered
(Table 3, entry 3). To our surprise, only a few patents of
the synthesis of 3-oxo-3,6-dihydro-[1,2]oxazine were
known7 and none of the 3-oxo-6,7-dihydro-3H-[1,2]ox-
azepine structures were reported in the literature.6

In conclusion, the ring-closing metathesis was successful-
ly applied for the synthesis of small and medium hetero-
cycles containing an N-O bond. We were able to
synthesize several unprecedented structures, such as 1,2-
oxazonine, 1,2-oxazecine, and 3-oxo-6,7-dihydro-3H-
[1,2]oxazepine.

General procedure for the ring-closing metathesis: A so-
lution of 3h (60 mg, 0.24 mmol) and Grubbs’ catalyst 7
(10 mg, 0.012 mmol) in CH2Cl2 (48 mL) was refluxed at
45 °C for 7 h under N2 and treated with another portion of
Grubbs’ catalyst 7 (10 mg, 0.012 mmol). The reaction
mixture was refluxed for a total of 23 h before cooled to
room temperature. The solvent was removed under re-
duced pressure and the product mixture was column chro-
matographed on silica gel (elution with 5% ethyl acetate
in hexanes) to give 44 mg (80%) of 8h.8

Table 1 Metathesis of N-Boc-protected Substratesa

Entry Substrate Conditions Product Yields (%)b

1 3a, m = 1
n = 1

4 h
0.02 M

8a

93

2 3b, m = 2
n = 1

24 h
0.02 M

8b

84

3 3c, m = 1
n = 2

14 h
0.02 M

8c

90

4 3d, m = 3
n = 1

20 h
0.006 M

8d

82

5 3e, m = 2
n = 2

14 h
0.006 M

8e

90

6 3f, m = 1
n = 3

18 h
0.006 M

8f

85

7 3g, m = 3
n = 2

26 h
0.005 M

8g

63

8 3h, m = 2
n = 3

23 h
0.005 M

8h

80

9 3i, m = 3
n = 3

17 h
0.005 M

8i

88

a Conditions: 10 mol% 7, CH2Cl2, 45 °C.
b Isolated yields.
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Table 2 Metathesis of N-Benzoyl-protected Substratesa

Entry Substrate Conditions Product Yields (%)b

1 9a, m = 1 3 h
0.02 M

10a

98

2 9b, m = 2 11 h
0.02 M

10b

96

3 9c, m = 3 13 h
0.006 M

10c

90

a Conditions: 10 mol% 7, CH2Cl2, 45 °C.
b Isolated yields.
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Table 3 Metathesis of N-Alkenyloxy-acrylamidesa

Entry Substrate Conditions Product Yields (%)b

1 6a, m = 1 3 h
0.02 M

11a

88

2 6b, m = 2 11 h
0.02 M

11b

84

3 6c, m = 3 13 h
0.006 M

11c

0c

a Conditions: 10 mol% 7, CH2Cl2, 45 °C.
b Isolated yields.
c Starting material was recovered.
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