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The first example of N-iodosaccharin (NISac)-catalyzed step, pot and atom economic synthesis of 1,3-oxa-
zines via formal [2+4] cycloaddition of imines and enones has been reported. No by-product formation,
operational simplicity, ambient temperature and high yields (85–95%) are the salient features of the pres-
ent synthetic protocol. After isolation of the product, the catalyst NISac can be easily recovered and
reused without any loss of efficiency.
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Development of a new catalyst system for the construction of
bioactive molecules represents a major challenge for synthetic
chemists. Cycloaddition reactions are powerful tools for efficient
and stereoselective construction of complex molecules.1 Especially,
[4+2] and [2+4] cycloaddition reactions have been successfully em-
ployed for the synthesis of biologically active compounds and nat-
ural products under the condition of a well designed combination
between diene and dienophile.2

1,3-Oxazines constitute an elite class of compounds present in
many biologically important natural products3a and other bioac-
tive molecules,3 and have attracted much attention due to their po-
tential as antibiotics,4a–d antitumor agents,4e–g analgesics,4h,i and
anticonvulsants.4 Also, they have generated great interests as
anti-psychotic agents and as possible effectors for serotonin and
dopamine receptors.5 Efavirenz (Sustiva), a fused ring 1,3-oxazine
derivative, has been approved by the FDA (September 17, 1998)
and is currently in clinical use for the treatment of AIDS.3e From
a chemical viewpoint, 1,3-oxazines are effective as starting materi-
als for the synthesis of different molecules of high biological and
medicinal interest, such as 1,3-amino alcohol,6a o-nitroaniline,6b

b-lactam,6c pyridine,6d,e pyrimidine6f and quinoline.6g Moreover,
1,3-oxazine derivatives have been used as the key intermediates
in the synthesis of several natural products, and have also been
recognized as chiral auxillaries in asymmetric synthesis.7
ll rights reserved.
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av).
These unique properties have been the prime driving force for
developing new synthetic routes to 1,3-oxazine and its derivatives.
Naturally, there has been a continuous effort to develop new, con-
venient and versatile routes to a variety of substituted 1,3-oxazines
which include Vilsmeier cyclisation of amidoalkyl naphthol,8 cycli-
sation of a-formylamides,9 sulfonyl isocyanates,10 b-amino enon-
es,11 2,3-allenamides,12 1,3-azidoalcohols,13 2-azidoalcohols,14

intramolecular bis heterocyclization,15 ring expansion of vinyloxe-
tanes16 and isoxazoles,17 one-pot procedure,18 cycloisomerisation
of semicarbazones,19 and cycloaddition reactions.13,16,17,20,21 In
most of the cases, construction of 1,3-oxazine ring is based on
[4+2] cycloaddition involving 2-azadiene partner via 1,2- and
5,6-bond formation (I);21 [5+1] condensation via 1,2- and 2,3-bond
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Scheme 2. Disconnection approach to 1,3-oxazines.

Table 1
Optimization of catalyst for the synthesis of 1,3-oxazine 3aa

N
Ts

1a

Ph Ph

O
catalyst

THF 
rt, 2 h

N OTs

Ph Ph
a3a2

p-ClC6H4

p-ClC6H4

Entry Catalyst Mol % Yieldb (%)

1 N-Iodosuccinimide 20 62
2 N-Iodophthalimide 20 67
3 N-Iodosaccharin 20 90
4 Molecular iodine 20 33
5 N-Iodosaccharin 25 90
6 N-Iodosaccharin 15 78

a For the experimental procedure, see Ref. 24.
b Yield of isolated and purified product 3a.
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formation (II)13 and via ring opening of isoxazoles (III).17 The liter-
ature records only a few reports on 1,3-oxazine synthesis using
C@N moiety in [4+2] cycloaddition via ring opening of 2-vinyloxe-
tane (IV)16 (Scheme 1). However, to the best of our knowledge,
there is no report on [2+4] cycloaddition of imines and enones
for the synthesis of 1,3-oxazines. Herein, we report a novel ap-
proach via N-iodosaccharin (NISac)-catalyzed [2+4] cycloaddition
of readily and widely available substrates, that is, imines and enon-
es which may provide an efficient, facile and atom economic alter-
native to such types of fine chemicals to exploit chemical diversity
and generate a drug like library to screen for lead candidates. The
reaction involves 1,2- and 3,4-bond forming [4+2] cycloaddition (V,
Scheme 1) of enones and imines for 1,3-oxazine synthesis as indi-
cated by disconnection (Scheme 2).
Table 2
[2+4] Cycloaddition of imines and enones yielding 1,3-oxazines 3a

N O

R1

Ts

R2 R3

1 2 3

O

R2

R3

N

R1

Ts

THF, 2-4 h, r t

NISac (20 mol %)

Entry Imine 1 Enone 2 Reaction timeb (h) 1,3-Oxazine 3 Yieldc,d (%)

1 p  ClC6H4 N
Ts

Ph Ph

O
3

3a        

Ts

Ph Ph

p  ClC6H4

N O 90

2 p  ClC6H4 N
Ts

p  ClC6H4 Ph

O
4

N OTs

p  ClC6H4 Ph

p  ClC6H4

3b 

95

3 p  ClC6H4 N
Ts

o  ClC6H4 Ph

O
4

3c

N OTs

o  ClC6H4 Ph

p  ClC6H4

91

4

p  ClC6H4 N
Ts

p  MeOC6H4 Ph

O

3
N OTs

p  MeOC6H4 Ph

p  ClC6H4

3d 

89

5 o  ClC6H4 N
Ts

Ph Ph

O

4

3e

N OTs

Ph Ph

o  ClC6H4

85

6 o  ClC6H4 N
Ts

p  ClC6H4 Ph

O
4

3f

N OTs

p  ClC6H4 Ph

o  ClC6H4

92



Table 2 (continued)

Entry Imine 1 Enone 2 Reaction timeb (h) 1,3-Oxazine 3 Yieldc,d (%)

7 o  ClC6H4 N
Ts

o  ClC6H4 Ph

O

4

3g 

N OTs

o  ClC6H4 Ph

o  ClC6H4

91

8 o  ClC6H4 N
Ts p  MeOC6H4 Ph

O

3
N OTs

p  MeOC6H4

o  ClC6H4

Ph
3h 

92

9 p  MeOC6H4 N
Ts Ph Ph

O

2

3i             

N OTs

Ph Ph

p  MeOC6H4

87

10 p  MeOC6H4 N
Ts p  ClC6H4 Ph

O

3

3j
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p  ClC6H4 Ph
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11 p  MeOC6H4 N
Ts o  ClC6H4 Ph
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3k
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o  ClC6H4 Ph
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12 p  MeOC6H4 N
Ts p  MeOC6H4 Ph
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2
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p  MeOC6H4 Ph

p  MeOC6H4

3l 
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13 o  MeOC6H4 N
Ts Ph Ph

O

4
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Ph Ph

o  MeOC6H4

3m 

88

14 o  MeOC6H4 N
Ts

p  ClC6H4 Ph

O

3
N OTs

p  ClC6H4 Ph

o  MeOC6H4

3n 

93

15 o  MeOC6H4 N
Ts o  ClC6H4 Ph

O

2
N OTs

o  ClC6H4 Ph

o  MeOC6H4

3o 

91

16 o  MeOC6H4 N
Ts p  MeOC6H4 Ph

O

2
N OTs

p  MeOC6H4 Ph

o  MeOC6H4

3p 

95

a For the experimental procedure, see Ref. 24.
b Time required for completion of the reaction as monitored by TLC.
c Yield of isolated and purified products.
d All compounds gave C, H and N analyses ±0.38% and satisfactory spectral (IR, 1H NMR, 13C NMR and EIMS) data.
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N-Iodosaccharin, bearing relatively a more electropositive io-
dine atom, is a new and versatile iodinating agent for a variety of
substrates.22 NISac has also found application in the activation of
certain reactions, but its excess or stoichiometric quantities have
been used.22 However, the synthetic utility of NISac as a catalyst
has not been explored till date, hence it is an interesting target of
investigation. The envisaged synthetic protocol is an outcome of
our quest for utilizing NISac as a catalyst and pursuing our work
on the development of new synthetic methodologies,23 especially
for 1,3-oxazines.19 This Letter reports the preliminary successful
results of NISac-catalyzed one-pot synthesis of 1,3-oxazines from
imines and enones, which is 100% atom economic and high
yielding.

In our initial attempt, we investigated the optimization of reac-
tion conditions regarding both the catalyst and solvent. Here,
imine 1a and enone 2a were chosen as representative substrates
for the synthesis of 1,3-oxazine 3a, and the reaction was performed
by stirring in THF at room temperature for 2 h (Table 1). It was
found that among the catalysts tested, NISac gave the best result
(Table 1, entry 3), whereas the other structurally analogous cata-
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Scheme 3. Plausible mechanism for the formation of 1,3-oxazines 3 and the recycling of the catalyst NISac.
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lysts as well as molecular iodine gave comparatively lower yields
(Table 1, entries 1, 2 and 4). It is probably due to the more electro-
philic nature of N-iodosaccharin than N-iodosuccinimide, N-
phthalimide and molecular iodine. The optimum loading for the
catalyst NISac was found to be 20 mol %.When the amount of cat-
alyst was decreased from 20 mol % to 15 mol % relative to substrate
1a, the yield of the product 3a reduced (Table 1, entry 6), but the
use of 25 mol % of NISac did not affect the yield (Table 1, entries
2 and 5). The reaction did not occur without using the catalyst un-
der the present reaction conditions.

Optimization of solvents for the synthesis of 3a employing NI-
Sac (20 mol %) was also undertaken and it was found that amongst
CHCl3, THF, DCM, acetone, CH3CN and 1,4-dioxane, the best solvent
in terms of yield was THF and it was used throughout the present
study. It was also noted that a higher reaction temperature, for
example, in a refluxing solvent instead of room temperature did
not increase the yield. Next, in order to investigate the substrate
scope and general validity of the reaction, a variety of imines 1
and enones 2 were used employing the present optimized reaction
conditions24 and the yields were found to be good to excellent (Ta-
ble 2), the highest yield of 3 being 95% (Table 2, 3b). The requisite
NISac was prepared by reaction of silver salt of saccharin with io-
dine as described in the literature.25

The formation of 1,3-oxazine 3 may be tentatively rationalized
by initial reaction of imine 1 and NISac to produce iodonium ion 4,
which delivers the target 1,3-oxazine 3 via [2+4] cycloaddition
with 1,4-dipolar species 20 and regenerates NISac (Scheme 3).
The plausible mechanism suggests that NISac is released at the
end of the reaction when the 1,3-oxazine ring is formed, this allows
the use of NISac in a catalytic amount. The formation of 3 was
highly diastereoselective in favour of the thermodynamically more
stable trans isomer. In all cases only a single stereoisomer (trans) of
3 was produced. By analogy the trans configuration has been as-
signed to 3 on the basis of 1H NMR experiments and the literature
precedent.26 The reactions were clean and all the synthesized
products were characterized by their elemental analysis and 1H
NMR, 13C NMR, IR and mass spectroscopic data.24

In summary, we have demonstrated a pot, step and atom eco-
nomic high yielding synthetic protocol for 1,3-oxazines using a
new catalyst NISac via formal [2+4] cycloaddition of imines and
enones. In the present protocol there is no by-product formation
and also the catalyst NISac used could be easily recycled for further
use without any loss of efficiency. Thus, this work opens up a new
and efficient route for the synthesis of such kinds of fine chemicals
to cater to the needs of academia as well as of industry.
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4.32; N, 2.61. Found: C, 64.61; H, 4.70; N, 2.41.
Compound 3i: Yellowish solid, yield 94%, mp 112–115 �C. IR (KBr) mmax 3014,
1624, 1601, 1583, 1516, 1352, 1310, 1457, 1146, 1054, 964, 736, 706 cm�1. 1H
NMR (400 MHz; DMSO-d6/TMS) d: 2.41 (s, 3H, CH3), 3.85 (s, 3H, OCH3), 5.74 (d,
1H, J = 4.0 Hz, 4-H), 5.93 (m, 1H, 2-H), 6.32 (d, 1H, J = 4.0 Hz, 5-H), 7.30 (d, 2H,
J = 8.0 Hz, Ts), 7.36–7.56 (m, 10H, Ph), 7.66–7.68 (m, 2H, 4-OCH3Ph), 8.01–8.03
(m, 2H, 4-OCH3Ph), 7.72 (d, 2H, J = 8.5 Hz, Ts). 13C NMR (100 MHz, DMSO-d6/
TMS) d: 24.1, 34.5, 55.6, 78.4, 84.4, 114.7, 124.1, 124.9, 125.6, 126.5, 127.2,
128.0, 128.7, 129.6, 130.4, 131.3, 132.4, 136.7, 138.1, 141.4, 149.6, 159.2. EIMS
(m/z) 497 (M+). Anal. Calcd for C30H27NO4S: C, 72.41; H, 5.47; N, 2.81. Found: C,
72.62; H, 5.15; N, 3.19.
Compound 3k: Yellowish solid, yield 90%, mp 108–110 �C. IR (KBr) mmax 3015,
1624, 1602, 1584, 1518, 1351, 1312, 1461, 1140, 1054, 961, 735, 708 cm�1. 1H
NMR (400 MHz; DMSO-d6/TMS) d: 2.42 (s, 3H, CH3), 3.82 (s, 3H, OCH3), 5.75 (d,
1H, J = 4.2 Hz, 4-H), 5.91 (m, 1H, 2-H), 6.34 (d, 1H, J = 4.2 Hz, 5-H), 7.34 (d, 2H,
J = 8.1 Hz, Ts), 7.64–7.66 (m, 2H, 4-OCH3Ph), 7.67–7.70 (m, 2H, 2-ClPh), 7.74 (d,
2H, J = 8.2 Hz, Ts), 8.02–8.05 (m, 2H, 4-OCH3Ph), 8.10–8.15 (m, 2H, 2-ClPh),
7.36–7.56 (m, 5H, Ph). 13C NMR (100 MHz, DMSO-d6/TMS) d: 24.4, 34.6, 55.5,
78.3, 84.1, 114.5, 124.0, 124.8, 125.5, 126.4, 127.1, 127.9, 128.8, 129.5, 130.5,
131.3, 132.0, 132.9, 133.7, 136.7, 137.5, 141.6, 149.5, 159.0. EIMS (m/z) 531
(M+). Anal. Calcd for C30H26ClNO4S: C, 67.72; H, 4.93; N, 2.63. Found: C, 68.00;
H, 5.22; N, 2.41.
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