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Abstract : The synthesis of nitrosourea derivatives of 7-bromo and 7-chloro-2,3-dihydro-1,4-
benzothiazines by isocyanation and successive nitrosation is reported.

Introduction :

Phenothiazines are well known heterocycles for their wide spectrum of biological activities. Their
several derivatives are in clinical use, as they exhibit significant anticancer activities which have been
assigned to their interaction with DNA. Biological activities .of phenothiazines have been ascribed
to their structural specificity of having a fold along nitrogen-sulfur axis (1). This structural specificity
is also present in 1,4-benzothiazines (1,2) having an anticipation to patternize them for anticancer
activities. 2,3-Dihydro-1,4-benzothiazines are less toxic and form an interesting class of heterocyclic
drugs for anticancer activities.

Nitrosoureas are an important class of antitumour agents and have demonstrated activity against
a wide range of human malignancies due to their unique chemical and biological characteristics.
Several nitrosoureas are clinically significant. They interact with DNA by alkylation (3-7). However,
their clinical use is limited, because of cumulative and delayed side effects exerted by these compounds.
Therefore, it has been considered worthwhile to develop a series of nitrosoureas with minimum
toxicity and side effects.

In 4-(N-alkyl/aryl-N-nitrosoamido)-2,3-dihydro- 1,4-benzothiazines, heterocyclic nitrogen with a side
chain at 4-position constitutes an N-nitrosourea linkage and as such these compounds contain both
1,4-benzothiazine nucleus and a nitrosourea moiety. They will interact with DNA by complexation
as well as by alkylation and constitute a new class of bifunctional anticancer agents (8,9).

Experimental :

Melting points of the synthesized compounds are uncorrected. The purity was checked by thin
layer chromatography. Characterization of synthesized compounds was done by spectral studies. The
infrared spectra were recorded on Perkin-Elmer spectrometer model 881 using potassium bromide
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discs. NMR spectra were recorded on 90 MHz Jeol FX 90 Q FT NMR using TMS as internal
standard. Mass spectra were scanned on Jeol JMSD-300 mass spectrometer at 70 ev with 100
u# amp ionising current. Physical data of newly synthesized compounds are summarized in Table-1.

(i) Preparation of 7-bromo and 7-chloro-2,3-dihydro-1, 4-benzothiazines

A mixture of 20 gms of freshly distilled 2-(2-aminophenylthio)ethanol 1 and 300 ml of 48%
hydrobromic acid was refluxed for three days. The reaction mixture was cooled in ice bath, neutralized
with sodium hydroxide and extracted several times with ether. The ether extracts were washed with
water and extracted with 6N HCI. These acid extracts were cooled in ice and made basic to litmus
with sodium hydroxide. The resulting oily compound 7-bromo and 7-chloro-2,3-dihydro-
1,4-benzothiazines was extracted with ether. Again the combined ether extracts were washed with
water and dried over magnesium sulfate. The ether was removed by vacuum rotatory evaporator
and product was distilled under vacuum (Scheme-1).

NH,

H
HBr N =
— j
F. SCH,CH,OH R S

1 Scheme-1 2

(ii) Preparation of 7-Bromo/chloro-4-(N-alkyl/arylamido)-2,3-dihydro-1,4-benzothiazines :

A mixture of 10 m moles of 7-bromo/chloro-2,3-dihydro-1,4-benzothiazines 2, 10 ml of absolute alcohol
and 10 m moles of alkyl/aryl isocyanate was warmed on a hot plate for two hours. Then the solvent
was removed using a vacuum rotatory evaporator. The product 7-bromo/chloro-4-
(N-alkyl/arylamido)-2,3-dihydro- 1,4-benzothiazines was crystallized from ethanol (Scheme-2).
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2 Scheme-2 3

(iii) Preparation of 7-bromo/chloro-4-(N-alkyl/aryl-N-nitrosoamido)-2,3-dihydro-1,4-benzothiazines :

7-Bromo/chloro-4-(N-alkyl/arylamido)-2,3-dihydro-1,4-benzothiazines (3 m moles) was dissolved
in 50 ml of acetic acid. Sodium nitrite (5 m moles) was added portionwise with stirring. The mixture
was stirred for 30 minutes at room temperature and then for one hour at 50 °C. Acetic acid was
evaporated under reduced pressure in vacuum rotatory evaporator. Residue was treated with water.
The  resulting  precipitate =~ of  7-bromo/chloro-4-(N-alkyl/aryl-N-nitrosoamido)-2,3-dihydro-
1,4-benzothiazines was collected and crystallized from methanol (Scheme-3).
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Compounds Ri R2
a Br —CH2CH2CH3
b Br —CsH4~Cl(m)
c Br —CsH4~Cl(p)
d Cl —CH2CH2CH3
e Cl —CsH4~Cl(m)
f Cl —CsH4~Cl(p)

Results and discussion :

The synthesis of 7-bromo/chloro-4-(N-alkyl/aryl-N-nitrosoamido)-2,3-dihydro-1,4-benzothiazines is
based on the synthesis of 2,3-dihydro-1,4-benzothiazines reported elsewhere (1). 2,3-Dihydro-1,4-
benzothiazines are analogs of phenothiazines and like phenothiazines they bear a fold along
nitrogen-sulfur axis which is considered responsible to impart them biological activities. Nitrosoureas,
as already been mentioned in introduction, are also biologically active compounds. So it was designed
to incorporate the activities of benzothiazines and nitrosoureas into one molecule i.e. nitrosourea
derivatives of benzothiazines namely 4-(N-alkyl/aryl-N-nitrosoamido)-2,3-dihydro-1,4-benzothiazines.
Benzothiazines are key compounds to synthesize the above mentioned compounds. Here the
2,3-dihydro-1,4-benzothiazines were allowed to undergo isocyanation at 4-position, thereby giving
4-(N-alkyl/aryl-N-nitrosoamido)-2,3-dihydro-1,4-benzothiazines. These were then let to undergo
nitrosation with sodium nitrite in acetic acid. Some of the synthesized nitrosourea derivatives have
shown good response to cure tumours with good therapeutic ratio and delayed tumour growth(10).
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Table 1 : Physical data of substituted 4-(N-alkyl/aryl-N-nitrosoamido)-2,3-dihydro-1,4-benzothiazines

Compound Molecular M. Pt. Yield %
formula gC %
© H N

Found Found Found
(Calcd) (Calcd) (Calcd)

a C12H14BrN302S Viscous 51 41.79 4.18 12.10
(41.87) (4.09) (12.20)

b C15H11BrCIN302S 120 60 43.69 2.61 10.07
(43.65) (2.68) (10.18)

c Ci15H11BrCIN302S 189 65 43.18 2.53 10.27
(43.65) (2.68) (10.18)

d C12H14CIN302S 142 66 48.33 4.56 14.13
(48.07) (4.70) (14.01)

e Ci1sH11CI2N302S  Viscous 70 48.75 3.13 11.44
(48.92) (3.10) (11.41)

f C15H11CI2N302S 220 78 49.04 2.99 11.67
(48.92) (3.10) (11.41)

Table 2 : Infrared spectral data of substituted 4-(N-alkyl/aryl-N-nitrosoamido)-2,3-dihydro-
1,4-benzothiazines (in cm™)

Compound Molecular C=0 C-Cl

Formula A B
a C12H14BrN3O2S 1632 -

b C15H11BrCIN302S 1598 768

c C15H11BrCIN302S 1598 766

d C12H14CIN302S 1650 649

C15H11CI2N3028 1593 756

f Ci15H11CI2N3028 1579 766
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Table 3 : NMR spectral data of substituted 4-(N-alkyl/aryl-N-nitrosoamido)-2,3-dihydro-
1,4-benzothiazines

Compound Solvent o0 (ppm) Hydrogen  Multiplicity Assignment

a CDClI3 7.44-6.75 3 Multiplet Aromatic Protons
4.18-3.86 2 Triplet CH2 Protons at C3
3.55-3.36 2 Triplet CH2 Protons at C2
3.01-2.63 2 Triplet CH2 Protons at C'1
2.25-1.90 2 Multiplet CH2 Protons at C"2
1.77-1.42 3 Triplet CHj3 Protons at C'3

b CDClI3 7.54-6.97 7 Multiplet Aromatic Protons
4.27-4.05 2 Triplet CH2 Protons at C3
3.50-3.32 2 Triplet CH2 Protons at C2

c CDCl3 7.41-6.94 7 Multiplet Aromatic Protons
4.374.18 2 Triplet CH2 Protons at C3
3.51-3.29 2 Triplet CH2 Protons at C2

d CDCl3 7.41-6.97 3 Multiplet Aromatic Protons
4.12-3.80 2 Triplet CH2 Protons at C3
3.36-3.23 Z Triplet CH2 Protons at C2
3.10-2.91 2 Triplet CH2 Protons at C'1
1.71-1.29 2 Multiplet CH2 Protons at C'2
1.10-0.69 3 Triplet CH3 Protons at C'3

e CDClIs 8.36-6.94 7 Multiplet Aromatic Protons
4.87-4.64 % Triplet CH2 Protons at C3
431-4.15 2 Triplet CH2 Protons at C2

f CDCl3 7.51-6.56 7 Multiplet Aromatic Protons
3.74-3.51 2 Triplet CH2 Protons at C3
3.13-2.94 2 Triplet CH2 Protons at C2
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Erratum :

On pages 490 (graphical abstract) and 573, Vol. 2, No. 6 (1996) in paper entitled *Synthesis
and spasmolytic activity of mesoionicl,4-diphenyl-5-(5-nitro-2-furanyl)-1,3,4-triazolium-2-
thiolate hydrochloride® authors should be read as :

Petronio Filgueiras de Athayde Filho, Joseph Miller, Aderson de Farias Dias, George Thomas
and Clidenor Candido de Araujo.
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