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Abstract The enzyme inhibitory activity of a new group of
2-substituted pyrimido[4,5-b][1,4]benzothiazines on soybean
15-lipoxygenase (15-LO) was evaluated and compared with
those of their 4-methyl analogs using ab initio calculations.
The results of these studies showed that the lack of 4-methyl
substituent in the pyrimido[4,5-b][1,4] benzothiazine mole-
cules greatly reduces their 15-LO inhibitory activities.
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Introduction

It is well documented that mammalian lipoxygenases
(LO’s) are non-heme iron-containing enzymes responsible
for the oxidation of polyunsaturated fatty acids and esters to
hydroperoxy derivatives [1]. These are heterogeneous

families of enzymes distributed widely throughout the plant
and animal kingdoms [2], and named according to the
position at which a key substrate, arachidonic acid (AA), is
oxidized. Among the mammalian lipoxygenases involved
in the etiology of human disease, 5-lipoxygenase (5-LO) is
now well established as a target for reducing the production
of leukotrienes (important in particular asthma) [3, 4]. More
recently, 15-lipoxygenase (15-LO) has emerged as an
attractive target for therapeutic intervention [5]. 15-LO
has been implicated in the progression of certain cancers [6,
7] and chronic obstructive pulmonary disease (COPD) [6].
Evidence for the inhibition of 15-LO in the treatment of
vascular disease is, however, most compelling [8]. Both
transgenic and knockout studies implicate a role for 15-LO
in atherogenesis [9, 10]. The enzyme is abundantly expressed
in macrophages residing within the atherosclerotic lesion [5].
In addition, the immediate products of 15-LO oxidation of
AA and linoleic acid (LA) have been shown to be pro-
inflammatory [11] and pro-thrombotic [12].

It is also found that 15-LO is linked to cardiovascular
complications since it is known to participate in oxidative
modification of low-density lipoproteins (LDL) leading to
the development of atherosclerosis [13].

Three different strategies have been developed to inhibit
the LO’s pathway [12]. They involve (i) redox inhibitors or
antioxidants, which interfere with the redox cycle of 15-
LO, (ii) iron-chelator agents, and (iii) non-redox competi-
tive inhibitors, which compete with AA to bind the enzyme
active site.

Recently we reported the results of our studies on the
soybean lipoxygenase (SLO) inhibitory activities of some
2-substituted-4-methylpyrimido [4,5-b][1,4]benzothiazines
1a-f and on the basis of the structure activity relationship
(SAR) studies we suggest that the inhibitory activity of
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these molecules largely depends on the orientation of sulfur
atom of thiazine core towards chelated Fe3+-OH in the
active site pocket of the enzyme with subsequent oxidation
of sulfur to sulfoxide [14]. In this paper we wish to report
the results of a comparative study on the 15-LO inhibitory
activities of a group of pyrimido [4,5-b][1,4]benzothiazines
and their 4-methyl analogs using ab initio calculations.

Chemistry

The synthesis of pyrimido[4,5-b][1,4]benzothiazines 5a-f
(Scheme 1) started from 5-bromo-2,4-dichloropyrimidine 2.
This compound was converted to 2-(5-bromo-2-chloro-4-
ylthio)benzenamine 3 by selective displacement of 4-
chlorine atom with 2-aminothiophenol in chloroform at
room temperature. The new key intermediates, 2-(5-bromo-
2-substituted-aminopyrimidin-4-ylthio)benzenamines 4a-f,
were easily obtained by the reaction of compound 3 with
secondary amines in boiling ethanol. The structures of
products 3 and 4a-f were adequately supported by spectral
and microanalytical data. Treatment of these compounds
with sodamide in acetonitril furnished a host of pyrimido
[4,5-b][1,4]benzothiazines 5a-f in good yields. The struc-
tural assignments of compounds 5a-f was based upon the
spectral and microanalytical data. The IR spectra did not
exhibit the stretching vibration bands at 3360 and 3440 cm-1

(broad, NH2) due to the precursors but showed a sharp band
at 3400 cm-1 for NH vibration.

Further proof came from the 1HNMR spectra, which
showed the disappearance of a broad 2H signal belonging
to NH2 moiety of compounds 3a-f and the appearance of a

sharp 1H (NH) signal. The mass spectra of compounds 4a-f
confirm the elimination of HBr at the final step.

In conclusion, the sequential treatment of the re-
cently prepared 5-bromo-2,4-dichloropyrimidine with 2-
aminothiophenol and secondary amines which was
followed by interaction with sodamide in acetonitrile and
subsequent heterocyclization is a new, efficient and general
access to pyrimido[4,5-b][1,4]benzothiazine derivatives
as potential lipoxygenase inhibitors.

Molecular modeling, docking and QSAR study

Structure optimization

Structures 1a-f and 5a-f were simulated in chem3D
professional; Cambridge software; using MM2 method
(RMS gradient=0.05 kcal mol-1) [15]. In the second
optimization, output files were minimized under Semi-
empiricals AM1 methods (Convergence limit=0.05; Itera-
tion limit=50; RMS gradient=0.1 kcal mol-1; Polak-Ribiere
optimizer algorithm) then the output files were minimized
under ab initio methods with STO-3G basis set (Conver-
gence limit=1e-5; Iteration limit=50; RMS gradient=
0.1 kcal mol-1; Polak-Ribiere optimizer algorithm) in
HyperChem7.5 [16]. After geometry optimization, single
point properties of molecules such as energy of HOMO
and LUMO were calculated using ab initio method with
STO-3G basis set (convergence limit=1e-5; iteration limit=
50; shell type: s, p, d; The initial guess of the MO
coefficients is from eigenvectors of the core Hamiltonian)
in HyperChem7.5 [16]. The STO-3G method is a relatively
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inexpensive one and can be used for calculations on quite
large molecules. It is minimal in the sense of having the
smallest number of functions per atom required to describe
the occupied atomic orbitals of that atom. This is not
exactly true, but its results are useful for comparison of the
same analogs.

Crystal structure of Soybean lipoxygenase-3 (arachidonic
acid 15-lipoxygenase) complex with 13(S)-hydroproxy-9
(Z)-2,11(E)-octadecadienoic acid was retrieved from RCSB
Protein Data Bank (PDB entry: 1IK3).

Molecular docking

Automated docking simulation was implemented to dock
1a-f and 5a-f into the active site of SLO with AutoDock
version 3.03 [17] using Lamarckian genetic algorithm [18].
This method has been previously shown to produce bonding
modes similar to the experimentally observed modes [14, 18,
19, 20]. The torsion angles of the ligands were identified,
hydrogens were added to the macromolecule, bond dis-
tances were edited and solvent parameters were added to
the soybean 15-LO 3D structure. Partial atomic charges
were then assigned to the macromolecule as well as ligands
(Gasteiger for the ligands and Kollman for the protein [21]).

The regions of interest of the enzyme were defined by
considering coordinated Fe3+ as the central residue of a grid
size of 45, 45 and 45 points in X, Y and Z axises. The
docking parameter files were generated using Lamarckian
genetic algorithm (LGA) and number of generations was
set to 50. Compound 1a-f and 5a-f were each docked into
the active site of LO and the simulations were composed of
50 docking runs, each of 50 cycles containing a maximum
of 10,000 accepted and rejected steps. The simulated
annealing procedure was started at high temperature (T=
1000 K) and was decreased by a factor of 0.95 on each
cycle [19]. The 50 docked complexes were clustered with a
root-mean-square deviation tolerance of 0.1 Å. The pro-
gram generated 50 compound 1a-f and 5a-f-docked con-
formers corresponding to the lowest-energy structures.
After docking procedure in AD3 (Auto Dock 3), docking
results were submitted to Weblab Viwerlite 4.0 [22] and
Swiss-PdbViewer 3.7 (SP4) [23] for further evaluations.

The results of docking processing (ΔGb: estimated free
energy of binding, ΔGd: final docked energy and Ki:
estimated inhibition constant1) are outlined in Table 1.

15-LO inhibitory assessment

Lipoxygenase activity was measured in borate buffer
solutions (0.1 M, pH 9) using the method described in
previously published work [24, 25], by measuring the
absorbance at 234 nm for 60 s after addition of the enzyme
(soybean 15-lipoxygenase), and linoleic acid (final concen-
tration: 134 μM) as substrate at 20±1 °C. The final enzyme
concentration was 167 U/mL. Synthesized substances were
added in DMSO solutions (final DMSO concentration 1%);
whereas DMSO was added in control experiments with no
inhibitor. During the testing experiment a mixture of each
inhibitor (1a-f and 5a-f) and linoleic acid was set as blank
sample. At least six control test tubes and three tubes for
each inhibitor solution were measured. To ensure constant
enzyme activity throughout the experiment, the enzyme
solution was kept in ice, and controls were measured at
regular intervals. Calculation of enzyme activity was
carried out as previously described [25] and IC50

2 values
were determined by linear interpolation between the points
around 50% activity (Table 1).

Result and discussion

Following our pervious work on compounds 1a-f [14] we
tested the inhibitory property of 5a-f on the SLO with
linoleic acid as the substrate. The results showed low
inhibitory activity (IC50 > 140 μM for SLO -Table 1) in
comparison with 1a-f. It is noteworthy that compounds 5d
and 5e unlike their 4-methyl analogs (1d and 1e) which
showed the best inhibitory results (IC50=18 and 36 μM

1 Estimated inhibition constant is calculated in autodock as follows:
Ki=exp((ΔGd × 1000.)/(Rcal × TK) where ΔGd is docking energy,
Rcal is 1.98719 and TK is 298.15.

Table 1 Docking processing data and enzyme inhibitory assessment

Compd. IC50 (μM) Ki ΔGb ΔGd Compd. IC50 (μM) Ki ΔGb ΔGd

1a 48±2 2.18e-7 -9.09 -9.34 5a 216±5 4.55e-7 -8.65 -8.94
1b 58±2 2.10e-7 -9.11 -9.26 5b 146±4 4.74e-7 -8.63 -8.74
1c 76±3 8.63e-8 -9.64 -9.75 5c 180±4 1.21e-7 -9.44 -9.51
1d 18±2 1.75e-8 -10.58 -10.81 5d 267±7 3.54e-8 -10.17 -10.21
1e 36±2 6.80e-9 -11.14 -11.68 5e 235±5 2.60e-8 -10.35 -10.78
1f 53±2 2.58e-7 -8.99 -9.08 5f 140±4 8.17e-7 -8.31 -8.57

The IC50 values are given as mean ± SD.

2 IC50: the concentration of an inhibitor which reduces 50% of the
enzyme activity.
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respectively), exhibited lowest inhibitory activity (IC50=
267 and 235 μM). Compounds 5a-c and 5f had also larger
IC50 values compared to their 4-methyl analogs. The
difference in IC50 values in d and e analogs (1d: IC50=

36 μM versus 5d: IC50=235 μM and 1e: IC50=18 μM
versus 5e: IC50=267 μM) are much greater than the values
observed for a-c and f analogs (Table 1). As can be seen in
Table 1, the Ki values which are obtained from docking

Fig. 1 Superimposition of the
bonding conformations of 1a-f
(above) and 5a-f (below) in
colored stick in the active site of
SLO within 8 Å
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process, do not adequately reflect the same differences
which exist between the IC50 values. For example the Ki

values of compounds 5a-f increases by two to three folds
when compared with their 4-methyl analogs 1a-f. On the
other hand such an increase in their Ki values does not
match their IC50 values; compounds 5b-c and 5f are the
only ones with an increase of nearly 2.5 fold in their IC50

values. Such an increase in both values IC50 and Ki which
is observed for compounds 5b-c and 5f can be accounted
on the basis of the tendency of methyl group for filling
partly the empty lipophilic space of Leu515, Trp519, Val566

and Ile572 which is formed by their side chains (Figs. 1 and 2)
[26]. The outcome of docking results for compounds 1d, 1e,
5d and 5e can partly be attributed to the steric hindrance
of 4-methyl group. Since the inhibitory effect of LO also
involves oxidation of the sulfur atom to sulfoxide [14],
one can consider the single point properties (HOMO
energy level) of these molecules to get a better under-
standing of the differences observed for IC50 of these two
groups of inhibitors especially 1d, 1e, 5d and 5e (Table 2
& Fig. 3). The results of these studies are summarized in
Table 2. It can be seen that compounds 1d and 1e with the
best IC50 values possess the highest HOMO energy levels
which indicates their great tendency for oxidation at their
sulfur atoms. These results show that the presence of 4-
methyl and 4-ethylpiperazine moieties in the molecules as
for compounds 1d, 1e, 5d and 5e, increases the HOMO
energy level by a margin of 0.55 eV. For compound 1c and
5c with 4-methylpiperidine moiety the difference become

0.36 eV. The difference in HOMO energy levels of the
remaining molecules containing pyrrolidine, piperidine
and morpholine moieties is not considerable. Compound
1c by showing 0.36 eV difference in HOMO energy level
with 5c, is an exception and despite this difference it has
the lowest inhibitory activity among the other 4-methyl
analogs (Table 1). It is because of high lipophilicity of
compound 1c which has been described previously [14].

From the data in (Tables 1 & 2) compounds 1a and 5a
can be singled out since despite their negligible difference
in the HOMO energy levels they exhibit a comparatively
larger difference in their IC50 values (48 μM to 216 μM
respectively). It seems likely that the smaller size of the
pyrrolidine ring further reduces the molecular volume in
comparing with other substituents (Table 3) and bring about
an increase in the three dimensional degree of freedom of
molecular motion. Consequently it is less likely that the
sulfur atom takes the proper orientation towards the iron
core in the active site pocket of the enzyme. The molecular
volume of each compound, based on Van der Waals surface
[27], was measured by QSAR properties tool in Hyper-
Chem7.5 (Table 3).

In summary we have carried out the SAR comparative
studies on pyrimido[4,5-b][1,4] benzothiazine derivatives
as 15-lipoxygenase inhibitors. We have demonstrated the
application of single point properties (HOMO energy level)
of these molecules to predict their inhibitory potential. We
have also shown the important role of 4-methyl substituent
in the inhibitory activities of compounds 1a-f. Which paves

Fig. 2 Solvent surface view of
amino acids which have lipo-
philic interaction with 4-methyl
group of compound 1d (green
transparent view). The colors
stand as follows: blue=nitrogen;
red=oxygen; gray=carbon;
yellow=sulfur; white=hydrogen
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the way for further investigation on larger and bulkier
substituents at 4 position to evaluate their effect on the 15-
LO inhibitory activities.

Experimental protocols

Chemistry

Melting points were recorded on an electrothermal type
9100 melting point apparatus. The IR spectra were ob-
tained on a 4300 Shimadzu spectrometer. The 1HNMR
(100 MHz) spectra were recorded on a Bruker AC 100
spectrometer. Elemental analysis was obtained on a Thermo
Finnigan Flash EA microanalyzer. All measurements of 15-
lipoxygenase activities were carried out using an Agilent
8453 spectrophotometer.

2-(5-bromo-2-chloropyrimidin-4-ylthio)benzenamine (3)

To a solution of 5-Bromo-2,4-dichloropyrimidine (2.29 g,
10 mmol) and triethylamine (1.2 g) in chloroform (30 mL),
2-aminothiophenol (1.25 g, 10 mmol) was added dropwise
with vigorous stirring over a minute. The solvent was re-
moved under reduced pressure and the brown residue was
washed with warm water and then crystallized from ethanol
(2.83 g, 77% yield, mp 250 °C (dec). IR: 3350, 3430 cm-1,
1HNMR: (CDCl3) δ, 3.8 (broad, 2H, NH2), 6.8–7.4 (m, 4H,
benzamine), 8.37 (s, 1H, H-4).

General procedure for the reaction of 2-(5-bromo-2-
chloropyrimidin-4-ylthio)benzenamine (3) with secondary
amines

A mixture of 2-(5-bromo-2-chloropyrimidin-4-ylthio)
benzenamine (3.16 g, 10 mmol) and appropriate secondary

amine (30 mmol) in ethanol (20 mL) was heated under
reflux for 5 hr. The water (30 ml) added to solution and the
residue was filtered off and recrystallized from ethanol and
dried at 80 °C to give 4a-h.

2-(5-bromo-2-(pyrrolidin-1-yl)pyrimidin-4-ylthio)
benzenamine (4a)

This compound was obtained as a yellow powder in 75%
yield, mp 140 °C; IR: 3350 and 3450 cm-1 (NH2);

1HNMR:
(CDCl3) δ, 1.82 (m, 4H, 2 -CH2-), 3.43 (m, 4H, 2×-CH2N),
4.15 (broad, 2H, NH2), 6.70–7.41 (m, 4H, benzamine),
8.05 (s, 1H, H-4).

Anal. Calcd. For C14H15BrN4S: C, 47.87; H, 4.30; N,
15.95; S, 9.13. Found: C, 47.69; H, 4.35; N, 15.84 S, 8.99.

2-(5-bromo-2-(piperidin-1-yl)pyrimidin-4-ylthio)
benzenamine (4b)

This compound was obtained as a yellow powder in 81%
yield, mp 125 °C; IR: 3380 and 3480 cm-1 (NH2);

1HNMR:
(CDCl3) δ, 1.2–1.7 (m, 6H, 3CH2), 3.39 (t, 4H, 2(CH2N-
Pyr.)), 4.10 (broad, 2H, NH2), 6.7–7.35 (m, 4H, aromatic),
8.01 (s, 1H, H-4).

Anal. Calcd. For C15H17BrN5S: C, 49.32; H, 4.69; N,
15.34; S, 8.78. Found: C, 49.41; H, 4.63; N, 15.44; S, 8.69.

2-(5-bromo-2-(4-methylpiperidin-1-yl)pyrimidin-4-ylthio)
benzenamine (4c)

This compound was obtained as a yellow powder in 79%
yield, mp 110 °C; IR: 3360 and 3470 cm-1 (NH2);

1HNMR:
(CDCl3) δ, 0.85 (d, 3H, CH3-(CH)), 1.2–1.7 (m, 5H, 2CH2

& CH), 2.85 (m, 2H, 2 CH2N), 4.55 (m, 2H, 2 CH2N), 4.1

Table 2 Data obtain from HOMO energy level calculations

Compd. EHOMO (ev) Compd. EHOMO (ev)

1a -5.39 5a -5.37
1b -5.36 5b -5.38
1c -5.05 5c -5.41
1d -4.86 5d -5.41
1e -4.84 5e -5.39
1f -5.40 5f -5.43

Fig. 3 highest occupied molec-
ular orbital graph of compound
1d (right) and 5d (left) in stick
view

Table 3 RV %: reduced volume %=[Sv (1a-f)-Sv (5a-f)]×100/Sv (1a-
f); Sv:Van der Waals volume

Compd. Sv Compd. Sv RV%

1a 258.4 5a 238.1 7.86
1b 271.6 5b 255.3 6.00
1c 288.2 5c 271.7 5.72
1d 285.3 5d 267.7 6.17
1e 302.3 5e 284.6 5.85
1f 263.1 5f 247.5 5.93

Compound 5a have most percentage of reduced volume.
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(broad, 2H, NH2), 6.7–7.35 (m, 4H, aromatic), 8.06 (s, 1H,
H-4).

Anal. Calcd. For C16H19BrN4S: C, 50.66; H, 5.05; N,
14.77; S, 8.45. Found: C, 50.46; H, 5.10; N, 14.74; S, 8.29.

2-(5-bromo-2-(4-methylpiperazin-1-yl)pyrimidin-4-ylthio)
benzenamine (4d)

This compound was obtained as a yellow powder in 69%
yield, mp 140 °C (dec); IR: 3330 and 3450 cm-1 (NH2);
1HNMR: (CDCl3) δ, 2.25 (m, 7H, 2(CH2N)-CH3), 2.43 (m,
4H, CH3N(CH2)2), 3.68 (m, 4H, 2(CH2N)), 4.15 (broad,
2H, NH2), 6.7–7.35 (m, 4H, aromatic), 8.04 (s, 1H, H-4).

Anal. Calcd. For C15H18BrN5S: C, 47.37; H, 4.77; N,
18.42; S, 8.43. Found: C, 47.48; H, 4.82; N, 18.35; S, 8.33.

2-(5-bromo-2-(4-ethylpiperazin-1-yl)pyrimidin-4-ylthio)
benzenamine (4e)

This compound was obtained as a yellow powder in 65%
yield, mp 130 °C; IR: 3330 and 3450 cm-1 (NH2);

1HNMR:
(CDCl3) δ, 1.07 (t, 3H, CH3CH2) 2.29 (m, 2H, CH3CH2),
2.48 (m, 4H, CH3N(CH2)2), 3.73 (m, 4H, 2(CH2N)), 4.15
(broad, 2H, NH2), 6.7–7.35 (m, 4H, aromatic), 8.05 (s, 1H,
H-4).

Anal. Calcd. For C16H20BrN5S: C, 48.73; H, 5.11; N,
17.76; S, 8.13. Found: C, 48.91; H, 5.20; N, 17.72; S, 8.16.

2-(5-bromo-2-(morpholin-4–yl)pyrimidin-4-ylthio)
benzenamine (4f)

This compound was obtained as a yellow powder in 70%
yield, mp 100 °C; IR: 3360 and 3520 cm-1 (NH2);

1HNMR:
(CDCl3) δ, 3.5 (m, 8H, CH2-(O & N)), 4.1 (broad, 2H,
NH2), 6.7–7.35 (m, 4H, aromatic), 8.01 (broad, 1H, H-4).

Anal. Calcd. For C14H15BrN4OS: C, 45.78; H, 4.12; N,
15.26; S, 8.73. Found: C, 45.69; H, 4.10; N, 15.29; S, 8.59.

General procedure for the conversion of 4a-f to pyrimido
[4,5-b][1,4]benzothiazine derivatives

A solution of compounds 4a-h (10 mmol), sodium amide
(30 mmol) in acetonitril (20 mL) was heated under reflux
for 90 minutes. The solvent was removed under reduced
pressure and a solution of acetic acid (0.7 g) in water
(20 ml) added to the residue and filtered off. Then the
residue crystallized from benzene/ethanol to give 5a-h
respectively.

2-(pyrrolidin-1-yl)pyrimido[4,5-b][1,4]benzothiazine (5a)

This compound was obtained as a yellow powder in 60%
yield, mp 200 °C; IR: 3350 cm-1, 1HNMR: (CDCl3) δ, 2.00

(m, 4H, 2 ((CH2)-CH2N), 3.50 (m, 4H, 2 (CH2N)), 6.9 (t,
1H, H-8), 7.30 (dd, 2H, H-6 & H-7), 8.00 (s, 1H, H-4), 8.30
(s, 1H, NH), 8.61 (d, 1H, H-9).

Anal. Calcd. For C14H14N4S: C, 62.20; H, 5.22; N,
20.72; S, 11.86. Found: C, 62.23; H, 5.31; N, 20.66; S,
11.68.

2-(piperidin-1-yl)pyrimido[4,5-b][1,4]benzothiazine (5b)

This compound was obtained as a yellow powder in 75%
yield, mp 162 °C; IR: 3330 cm-1, 1HNMR: (CDCl3) δ, 1.4–
1.8 (m, 6H, ((CH2)-CH2N), 3.71 (t, 4H, 2(CH2N)), 6.90 (t,
1H, H-8), 7.35 (dd, 2H, H-6 & H-7), 8.00 (s, 1H, H-4), 8.22
(s, 1H, NH), 8.42 (d, 1H, H-9).

Anal. Calcd. For C15H16N4S: C, 63.35; H, 5.67; N,
19.70; S, 11.28. Found: C, 63.48; H, 5.72; N, 19.81; S,
11.19.

2-(4-methylpiperidin-1-yl)pyrimido[4,5-b][1,4]
benzothiazine (5c)

This compound was obtained as a yellow powder in 61%
yield, mp 152 °C; IR: 3380 cm-1; 1HNMR: (CDCl3) δ, 0.96
(d, 3H, CH3), 1.3–1.8 (m, 5H, 2CH2 & CH), 2.85 (m, 2H, 2
CH2N), 4.55 (m, 2H, 2 CH2N), 6.93 (t, 1H, H-8), 7.33 (dd,
2H, H-6 & H-7), 8.01 (s, 1H, H-4), 8.19 (s, 1H, NH), 8.37
(d, 1H, H-9).

Anal. Calcd. For C16H18N4S: C, 64.40; H, 6.08; N,
18.78; S, 10.75. Found: C, 64.48; H, 6.01; N, 18.81; S,
10.64.

2-(4-methylpiperazin-1-yl)pyrimido[4,5-b][1,4]
benzothiazine (5d)

This compound was obtained as a yellow powder in 58%
yield, mp 215 °C (dec); IR: 3350 cm-1, 1HNMR: (CDCl3)
δ, 2.34 (s, 3H, CH3) 2.45 (m, 4H, CH3N(CH2)2), 3.70
(m, 4H, 2(CH2N)), 6.89 (t, 1H, H-8), 7.31 (dd, 2H, H-6 &
H-7), 8.03 (s, 1H, H-4), 8.17 (s, 1H, NH), 8.35 (d, 1H,
H-9).

Anal. Calcd. For C15H17N5S: C, 60.18; H, 5.72; N,
23.39; S, 10.71. Found: C, 60.29; H, 5.67; N, 23.28; S,
10.67.

2-(4-ethylpiperazin-1-yl)pyrimido[4,5-b][1,4]benzothiazine
(5e)

This compound was obtained as a yellow powder in 65%
yield, mp 192 °C; IR: 3380 cm-1, 1HNMR: (CDCl3) δ, 1.10
(t, 3H, CH3CH2), 2.32 (m, 2H, CH3CH2), 2.45 (m, 4H,
CH3N(CH2)2), 3.70 (m, 4H, 2(CH2N)), 6.88 (t, 1H, H-8),
7.33 (dd, 2H, H-6 & H-7), 8.01 (s, 1H, H-4), 8.19 (s, 1H,
NH), 8.34 (d, 1H, H-9).
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Anal. Calcd. For C16H19N5S: C, 61.31; H, 6.11; N,
22.34; S, 10.23. Found: C, 61.47; H, 6.21; N, 22.27; S,
10.17.

2-(morpholin-4–yl)pyrimido[4,5-b][1,4]benzothiazine (5f)

This compound was obtained as a yellow powder in 75%
yield, mp 169 °C; IR: 3350 cm-1, 1HNMR: (CDCl3) δ, 3.73
(m, 8H, CH2-(O & N)), 6.90 (t, 1H, H-8), 7.36 (dd, 2H, H-6
& H-7), 8.05 (s, 1H, H-4), 8.20 (s, 1H, NH), 8.38 (d, 1H,
H-9).

Anal. Calcd. For C14H14N4OS: C, 58.72; H, 4.93; N,
19.57; S, 11.20. Found: C, 58.85; H, 5.00; N, 19.55; S,
11.09.
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