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A novel DBU-promoted S–N-type Smiles rearrangement
reaction under controlled microwave heating
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Abstract—A convenient process for the preparation of pyrido[1,4]thiazinone derivatives is described in the presence of DBU as base
under controlled microwave heating. This process allows for efficient construction of thiazinone-fused pyridine by S–N-type Smiles
rearrangement methodology.
� 2007 Published by Elsevier Ltd.
Smiles rearrangement falls under a broad category of
intramolecular aromatic nucleophilic substitution of an
appropriately placed nucleophile (YH) onto aromatic
rings possessing a strong electron withdrawing group
and a leaving group (X) properly positioned as shown
in Scheme 1.1 This rearrangement is one of the best
base-catalyzed rearrangements, which involves a Mei-
senheimer complex.2,3 The nucleophilic group in this
rearrangement has included alcohols, phenols, amines,
amides and sulfonamides. The leaving group is often
an ether, sulfide, sulfoxide, or sulfone. Despite the vari-
ety of possible substrates, Smiles rearrangement has
been incorporated into only a few synthetic strategies.
The modification of the pyridine nucleus is a versatile re-
search area, which still attracts a considerable amount
of interest in modern organic chemistry. Due to its pres-
ence in numerous natural products and biologically ac-
tive substances,4 the pyridine moiety is regarded as
one of the most interesting heteroaromatic ring systems.
Notwithstanding the fact that a multitude of different
reactions on pyridine and its derivatives are known,5

there is still a need for new approaches toward pyridine
functionalization.
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Smiles rearrangement on the pyridine ring is very rare.6

S–N-type Smiles rearrangement on pyridine rings has
not been reported yet. As part of our program directed
toward the design and synthesis of bioactive heterocyclic
compounds,7 we became interested in sequentially com-
bining Smiles rearrangement with annulation on the
pyridine ring. Herein we report a simple and effective
synthetic method for thiazinone-fused pyridines using
N-substituted chloroacetamides 1 with 2-bromopyri-
dine-3-thiol 2 (Scheme 2) or N-substituted mercaptoac-
etamide 5 with 3-chloro-2-nitropyridine 6 in one-pot
(Scheme 3).

At first, N-substituted haloacetamide 1 was synthesized
by the chose reaction of amine and chloroacetyl halide
in high yield (Scheme 2). 2-Bromopyridine-3-thiol 2 as
the other starting material was commercially available.
To search for the most suitable reaction condition, the
cyclization of a 2-chloro-N-propylacetamide 1a and 2
was investigated. We chose a mild reaction condition
for the preparation of pyrido[1,4]thiazinone using the
common alkali carbonate or 1,8-diazabicyclo[5.4.0]-
undec-7-ene (DBU) as base instead of NaOH, KOH,
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or NaOt-Bu. Although it has been reported that the lat-
ters give faster reaction, their high basicity often causes
problems, which results in complex reaction mixtures
consisting mostly in unidentifiable products and very
low yield of the required pyrido[1,4]thiazinone 4.8 As
can be seen from Table 1, the reactions proceeded
smoothly, affording the cyclized products in good yield.
Some bases such as Cs2CO3 and DBU showed good cat-
alytic efficiency in refluxing acetonitrile. Some other
bases such as Na2CO3 and K2CO3 also worked well,
but the yields of 4a were slightly inferior. However,
Li2CO3 showed lower efficiency toward the synthesis
of 4a. To improve the rate and yield of the reaction,
we tried to employ microwave irradiation toward the
synthesis of 4a in the presence of Cs2CO3 or DBU.
Microwave heating has been shown to promote a variety
of chemical transformations.9 From the results showed
in Table 1, enhancement of the reaction rate and
yield of 4a was obvious (yields from 70% to 83% for
Table 1. Effect of base for Smiles rearrangement

Base Solvent T/t (�C/h) Product Yielda (%)

Li2CO3 CH3CN Reflux/4 4a 16
Na2CO3 CH3CN Reflux/4 4a 51
K2CO3 CH3CN Reflux/4 4a 54
Cs2CO3 CH3CN Reflux/4 4a 70
DBU CH3CN Reflux/4 4a 77
Cs2CO3 CH3CN 80/10 minb 4a 83
DBU CH3CN 80/10 minb 4a 92

a Isolated yield.
b Microwave heating was used.
Cs2CO3as base and from 77% to 92% for DBU as base).
Thus, among the five bases tested, the superior perfor-
mance of DBU could be easily recognized.

Furthermore, various solvents were tested toward the
synthesis of 4a in the presence of DBU (Table 2). Polar,
aprotic solvents such as N,N-dimethylformamide and
acetonitrile were quite effective, whereas nonpolar sol-
vents toluene and dichloromethane were ineffective.
THF fell between the two extremes. Consequently, all
following Smiles rearrangement–annulation were con-
ducted in the presence of DBU as base and CH3CN as
solvent under controlled microwave heating.

To further demonstrate this Smiles rearrangement–
annulation process, we applied a similar conversion to
compound 4 by using N-substituted mercaptoacetamide
5 and 3-chloro-2-nitropyridine 6 as the substrates
instead of 1 and 2 (Scheme 3). The reaction of 5 with
6 containing a nitro group ortho to the halogen atom
Table 2. Effect of solvent for Smiles rearrangement

Base Solvent T/t (�C/h) Product Yielda (%)

DBU CH3CN Reflux/4 4a 77
DBU DMF 100/4 4a 65
DBU Toluene Reflux/4 4a 12
DBU THF Reflux/4 4a 36
DBU CH2Cl2 Reflux/4 4a 8
DBU CH3CN 80/10 minb 4a 92

a Isolated yield.
b Microwave heating was used.
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yielded compound 7. In the presence of base, imido
nitrogen donates its lone pair of electrons with its intra-
Table 3. One-pot synthesis of pyrido[1,4]thiazinone 4

Amides Pyridines Producta Yieldb (%)

1a R = H3C
CH2

CH2
2 4a 92

5a R = H3C
CH2

CH2
6 4a 86

1b R = 2 4b 83

5b R = 6 4b 71

1c R = 2 4c 89

5c R = 6 4c 77

1d R = 
o

2 4d 86

5d R = 
o

6 4d 83

1e R = 
2 4e 91

5e R = 
6 4e 76

1f R = 2 4f 87

5f R = 6 4f 81

1g R = 
2 4g 80

5g R = 
6 4g 75

1h R = 

MeO

MeO
2 4h 89

5h R = 

MeO

MeO
6 4h 83

1i R = 
2 4i 57

5i R = 
6 4i 42

a Reaction condition: DBU as base and CH3CN as solvent under 80 �C
microwave heating for 10 min.

b Isolated yield.
molecular nucleophilic attack on the carbonium ion
(carbon carrying the halogen atom). As a result, sulfur
loses its electron pair and the positively charged nitrogen
provides the proton, which attaches to S�, yielding 2-
mercapto-N-(2-nitropyridin-3-yl)acetamide. The latter
undergoes cyclization with the loss of nitrous acid yield-
ing cyclized product 4 (Scheme 4).

A variety of pyrido[1,4]thiazinone 4 were synthesized
with two routes (Schemes 1 and 2). The experimental re-
sults are summarized in Table 3.10 Noteworthy is the
fact that the ring opening compounds 3 and 7 in every
reaction was first formed and cyclized product 4 in-
creased as reaction time went on. In all cases, the ring
opening compounds 3 and 7 could be isolated. For
example, we studied the Smiles rearrangement–annula-
tion process of 2-chloro-N-(3,4-dimethoxypheneth-
yl)acetamide 1h with 2-bromopyridine-3-thiol 2 in the
presence of DBU as base under controlled microwave
heating. When the mixture was heated for 3 min at
80 �C in the microwave reactor, the reaction furnished
a mixture consisting of the ring opening compound 3h
with 39% isolated yield11 and cyclized product 4h with
53% isolated yield. When the mixture was heated for
10 min under the same conditions, the reaction fur-
nished cyclized product 4h with 89% isolated yield,
and the ring opening compound 3h was not found.
All products were characterized by 1H NMR, 13C
NMR, IR, and elemental analyses, and had satisfactory
microanalysis.

In conclusion, we have developed an operationally sim-
ple and efficient synthesis of pyrido[1,4]thiazinones
based on the S–N-type Smiles rearrangement–annula-
tion process. DBU has been demonstrated to promote
this process efficiently. The reaction rates can be further
accelerated by utilizing microwave heating (physical
acceleration). Further studies on its application in the
synthesis of natural compounds are currently in
progress.
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