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A Facile and Simple Synthesis of Some New
Pyridobenzothiazepine and Pyrimidobenzothiazepine
Derivatives

Eman A. El Rady
Chemistry Department, South Valley University, Aswan, Egypt

2-Amino-3-cyano-4-(2-thienyl)[1,5]benzothiazepine 5 has been synthesized and re-
acted with some active methylene and nucleophile reagents to yield new pyrido[6,5-
b][1,5]benzothiazepine and pyrimido[6,5-b][1,5]benzothiazepine derivatives.

Keywords 1,5-Benzothiazepine; pyridobenzothiazepine; pyrimidobenzothiazepine

Benzothiazepine derivatives are supposed to posses interesting biolog-
ical properties and are used as chemotherapeutic agents. A number
of biological and pharmaceutical activities have been associated with
it, such as it displayed noticeable antiderpresent activity in several
classical screening testes,1 screening for in vitro anti-HIV-1 activity,2

antihypertensive activity,3 antiasthemic activity,4 analgesic activity,5

cardiovascular activity,6 evaluated in vitro as arginine vaso-pressin
antagonists,7 angio-tensine converting enzyme inhibition,8,9 platelate
aggregation inhibitor, Ca antagonist, and spasmolytic activities.10−13

They are also useful as anticonvulsant,14 histamine H2 and gastrin
receptor antagonists.15 Recently, 1,5-benzothiazepine derivatives have
been used as a potential anticancer drug.16−18 The importance of pyri-
dobenzothiazepine derivatives was found to be a potential central ner-
vous system agent.19 On all these bases, the 1,5-benzothiazepines are
useful compounds in drug research that stimulated the invention of
various synthetic procedures for their preparation and chemical trans-
formation. The 2-aminothiophenol has been widely applied as a pre-
cursor in the synthesis of benzothiazepine derivatives.20−32 Kambe and
Saito previously either used 2-aminothiophenol to react with two moles
of benzylidenemalononitrile or used one mole of malononitrile with one
mole of benzylidenemalononitrile in ethanol containing triethylamine
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2214 E. A. El Rady

to yield 2-amino-6-(2-amino-phenylthio)-4-aryl-3,5-dicyano-pyridine.33

However, in a mixture of acetic acid and ethanol they obtained 2-
benzylidene-cyanomethyl-1,3-benzothiazole.34 In continuation of our
interest to prepare a seven-membered ring,35−39 we report herein the re-
action of 2-aminothiophenol with one mole of thienylidenemalononitrile
in ethanolic piperidine solution to afford 1,5-benzothiazepine deriva-
tive, which represents an excellent precursor to prepare new derivatives
of tricyclic systems, which might have useful biological and therapeutic
activities.

RESULTS AND DISCUSSION

Thus, an equimolar reaction of 2-aminothiophenol 1 with thienyliden-
emalononitrile 2 in refluxing ethanol containing a catalytic amount of
piperidine for 30 min resulted in the formation of 2-amino-3-cyano-4-(2-
thienyl)[1,5]benzothiazepine 5 in good yield (Scheme 1). The formation
of 5 may proceeded via an addition of an amino function of 1 to the
activated double bond of 2 to give the intermediate 3, which cyclized by
a nucleophilic addition of a thiol function into one of the cyano group, to
afford the intermediate 4. The intermediate 4 tautomerized to 2-amino-
4,5-dihydro-benzothiazepine and released hydrogen under an aerobic
oxidation to give the starting material 5.

SCHEME 1
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New Pyridobenzothiazepine and Pyrimidobenzothiazepine Derivatives 2215

The structure of compound 5 was established based on analytical
and spectral analysis. The IR spectrum of compound 5 confirmed the
presence of intense absorption bands at ν 2217–2220 and 3370 cm−1 due
to cyano and amino groups, respectively. The MS of 5 showed m/z at
283 (M+, 20), 285 (M + 2, 24), 264 (M-NH3, H2, 20), 256 (M HCN, 5),
227 (M CH2 C S, + 2H, 27), 250 (M H2S, + H, 20), 203 (M-thienyl,
28), 171 (M HCN, − thienyl, −2H, 43%). The 1H NMR of 5 showed
a singlet signal at δ9.8 and a multiplet at δ 7.0–8.1 ppm due to the
amino and aromatic protons, respectively. The 13C NMR of 5 revealed
absorption signals at 15.1 (CN), 118.3–128 (C-aryl), 135.3 (C-3), 140.1
(C-4), and 142.2 (C-2). The reactivity of thienobenzothiazepine 5 was
investigated toward many laboratory-available reagents.

Compound 5 reacted with ethyl cyanoacetate 6a and diethyl mal-
onate 6b in acetic acid and afforded pyridobenzothiazepine derivatives
8a,b. It seemed that the elimination of ethanol from the acetate group
gave the intermediate 7, which subsequently cyclized via the addition of
active methylene hydrogens to the cyano function yielding 4-amino-5-
[2-thienyl]pyrido[6,5-b][1,5]benzothiazepine-1,2-dihydro-2-one deriva-
tives 8a,b. However, the MS of 8a showed m/z at 351 (M + 1, 7), 350
(M+, 19), 316 (M H2S, 100), 289 (M H2S, HCN, 5), 261(289-CO, 2),
214 (8), and 171 (5%). Its IR spectrum revealed absorption bands at
ν3390 (NH2), 3193 (NH), 2225 (CN), and 1695 cm−1 (CO). The 1H NMR
showed signals at δ 7.1–8.0 for aromatic protons and two singlets at
9.3 and 10.3 for NH2 and NH protons, respectively. However, the IR
spectrum of 8b showed the characteristic absorption bands at ν3388,
3200, and 1699 cm−1 due to NH2, NH, and CO groups, respectively. The
MS of 8b showed m/z at 397 (M+, 20), 369 (M C2H4, 30), 341 (369-CO,
15), 325 (M CO2C2H5, 20), 308 (325-NH3, 25), and 225 (308-thienyl,
35%). The 1H NMR spectrum of 8b showed characteristic absorption
signals of ethoxy protons of ester groups at δ1.3 and 4.2 and showed
two singlet signals at δ10.2 and 9.4 ppm due to NH and NH2; the aro-
matic protons showed as a multiplet at δ 7.1–8.0 ppm. To confirm this
structure, compound 8b (X = CO2C2H5) has been boiled at reflux with
hydrazine hydrate in ethanolic piperidine solution to afford the pyra-
zolo[3,4: 4′,3′]pyrido[6,5-b]benzothiazepine derivatives 9. The MS of 9
showed m/z at 366 (M+, 23%). However, the 1H NMR of 9 revealed the
absence of characteristic absorption signals of ethoxy protons of an es-
ter group. Similarly, the azepine compound 5 reacted with malononitrile
10a and cyanothioacetamide 10b in acetic acid at a reflux temperature
to give in each case the same the product 11. In the case of malonon-
itrile 10a, 2 successive steps of a nucleophilic addition to the cyano
functions yielded 11, whereas in case of 10b, a condensation between
the thione group of the amide and the amine of 5 released hydrogen
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2216 E. A. El Rady

sulfide followed by a nucleophilic addition of the active methylene to
the cyano function affording the same final product 11 (Scheme 2). The
MS of 11 showed m/z at 350 (M + 1, 20%). The IR spectrum of 11 re-
vealed absorption bands at ν 3390–3380 (NH2) and 2225 (CN) cm−1.
Also, the reaction of 5 with arylidenemalononitrile 12a-c afforded pyri-
dobenzothiazepine derivatives 16a-c. Compounds 16a-c were formed
by an addition of an amino group in 5 to the double bond in 12 to
form the intermediate 13, which cyclized via a nucleophilic addition
of sp3 hydrogen of arylidene to a cyano function of benzothiazepine to
form dihydropyridine intermediate 14. The latter released hydrogen
cyanide to give 15, which finally tautomerized to form the final product
16. Compounds 16a-c were established by elemental and spectral data
(Scheme 2).

However, compound 5 represents a good synthon for pyrimidines
synthesis, which found considerable interest in field of medicine and
biology.40−46 Compound 5 reacted easily with urea in acetic acid
to afford 2,4-diaminopyrimidobenzothiazepine 17 via an addition-
cyclocondensation reaction. The MS of 17 showed m/z at 325 (M, 45),
326 (M + 1, 9), 327 (M + 2, 3), 280 (M NH3, −C2H4, 6), 251 (27), 223
(15), 176 (18), and 161 (46%). The IR spectrum of 17 showed an absorp-
tion for amino functions only.

Also, the reaction of 5 with triethyl orthoformate yielded the
ethoxymethylidenamino derivatives 18. The IR spectrum of 18 showed
the absence of amino absorption, and its MS showed m/z at 338 (M-
1, 100) and 339 (M + 1, 45) with less intense peaks recorded at 289
(M C2H5OH, H, 11), 251 (14), and 170 (16%). Further a reaction of 18
with hydrazine hydrate afforded the corresponding pyrimidobenzoth-
iazepine 19 via the elimination of ethanol followed by a nucleophilic
addition to the cyano function. The IR spectrum of 19 revealed the ab-
sence of an absorption band at ν 2215–2220 cm−1 of a cyano function
indicating the cycloaddition step, whereas showed intense absorption
bands at ν 3390–3150 cm−1 due to NH2 and NH groups. The MS of 19
showed m/z at 325 (M+, 23).

However, the 2-hydroxypyrimidobenzothiazepine derivative 23 was
formed by a reflux of trichloroacetonitrile with compound 5 in ethanol
solution plausibly via a formation of the intermediate 20 through an
addition of an amino function of 5 to the nitrile function of trichloro-
acetonitrile. A similar reaction using trichloroacetonitrile in dry toluene
was reported, and the corresponding intermediate was boiled either
with water or ethanol to obtain the hydroxy or ethoxy derivatives.47

However, in the present case (ethanol 95%), the intermediate 20 cy-
clized via a nucleophilic addition of an amine function to the cyano
group forming the pyrimidine ring. Because of the strong inductive
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SCHEME 2
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SCHEME 3
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New Pyridobenzothiazepine and Pyrimidobenzothiazepine Derivatives 2219

effect of trichlorine atoms and due to the electronic drift of the two
nitrogen atoms of pyrimidine, the trichloro moiety carrying a negative
charge acts as a leaving group forming chloroform. The C-2 of pyrimi-
dine became a relative positive, which accepted easily the hydroxide ion
from water yielding the final product 23 (Scheme 3). The IR spectrum
of 23 indicated the presence of NH2 and OH at ν 3395–3410 cm−I . The
MS of 23 showed m/z at 326 (M+, 12), (327 (M + 1, 11), 328 (M + 2,
16), 243 (M-thienyl, 3), 226 (243-NH3, 2), and 107 (100%). The 1H NMR
spectrum of 23 revealed two singlet signals at δ9.3 and 8.9 ppm due to
the NH2 and OH groups, respectively; the aromatic protons showed as
a multiplet at δ 7.1–8.0 ppm.

The previously discussed reactions described a simple, one-pot syn-
thetic procedure to prepare new derivatives of benzothiazepine com-
pounds, which might have important biological and pharmaceutical
applications.

EXPERIMENTAL

Melting points are uncorrected. Ethanol (95%) and glacial acetic acid
were used as solvents. The IR spectra (potassium bromide, ν in cm−1)
were recorded on a Pye-Unicam SP-1100 spectrophotometer. 1H NMR
and 13C NMR spectra (deuterodimethyl-sulfoxide, δ in ppm) were run
on a Varian EM-390 spectrometer using Tetramethylsilane as internal
standard. Mass spectra were recorded on a Varian MAT 311 A spectrom-
eter, and the elemental analysis were determined at the Microanalytical
Center, Cairo University, Egypt.

The Preparation of 2-amino-3-cyano-4-
(2-thienyl)[1,5]benzothiazepine (5)

Equimolar amounts (1 mmoles) of 2-aminothiophenol 1 (1.2 g) and 2
(1.6 g) were refluxed in 30 mL ethanol for 30 min in the presence of
0.1 mL of piperidine. The formed crystals during reflux were filtered,
washed well with 2 mL of methyl alcohol, and recrystallized from a
mixture of EtOH/DMF (3:1). Yield: 75%. m.p.: 230◦C , IR: ν3370 (NH2),
2217–2220 cm−1 (CN); 1H NMR: δ 7.0–8.1 (m, 7H, Ar-H), 9.8 (s, 2H,
NH2);13C NMR: 15.1 (CN), 118.3–130 (C-aryl and thiophene), 135.3 (C-
3), 140.1 (C-4), 142.2 (C-2). MS (70 eV) m/z (%): 283 (M+, 20), 285 (M+2,
24), 264 (M NH3, H2, 20), 256 (M HCN, 5), 227 (M − CH2 = C S, +
2H, 27), 250 (M − H2S, + H, 20), 203 (M-thienyl, 28), 171 (M HCN, −
thienyl, −2H, 43%). Anal. Calcd. for C14H9N3S2 (283.37): C, 59.34; H,
3.20; N, 14.83. Found: C, 59.63; H, 3.50; N, 14.55.
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2220 E. A. El Rady

The Preparation of Compounds 8a,b: General Procedure

A solution of 5 (0.28 g, 1 mmoles), and ethyl cyanoacetate 6a (0.15 g, 1
mmoles) in 20 mL of acetic acid was warmed to reflux for 2 h. The solid
formed during reflux was collected by filtration, washed well with 3 mL
of methanol, and crystallized from acetic acid to give 8a. Analogously,
5 (0.28 g, 1 mmoles) was reacted with diethyl malonate 6b (1 mmoles)
to give 8b.

4-Amino-3-cyano-5-(2-thienyl)-pyrido[6,5-b][1,5]
benzothiazepine-1,2-dihydro-2-one (8a)

Yield: 70% m.p.: 290◦C, IR: ν3390 (NH2), 3193 (NH), 2225 (CN) 1695
cm−1 (CO); 1H NMR: δ 7.1–8.0 (m, 7H, Ar-H), 9.3 (s, 2H, NH2), 10.3 (s,
H, NH); MS (70 eV) m/z (%): 351 (M+1, 7), 350 (M+, 19), 316 (M H2S,
100), 289 (M H2S, HCN, 5), 261(289-CO, 2), 214 (8), 171 (5%). Anal.
calcd. for C17H10N4S2O (350.41): C, 58.27; H, 2.88; N, 15.99. Found: C,
58.56; H, 3.12; N, 16.23.

Ethyl 4-Amino-2-oxo-5-(2-thienyl)-1H-pyrido[6,5-b][1,5]
benzothiazepine-3-carboxylate (8b)

Yield: 60% m.p.: 280◦C, IR: ν3388 (NH2), 3200 (NH), 1699 cm−1 (CO);
1H NMR: δ1.3 (t, 3H, CH3), 4.2 (q, 2H,CH2), 7.1–8.0 (m, 7H, Ar H), 9.4
(s, 2H, NH2), 10.2 (s, 1H, NH); MS (70 eV) m/z (%): 397 (M+, 20), 369
(M C2H4, 30), 341 (369-CO, 15), 325 (M CO2C2H5, 20), 308 (325-NH3,
25), 225 (308-thienyl, 35%). Anal. calcd. for C19H15N3S2O3 (397.47): C,
57.42; H, 3.80; N, 10.57. Found: 57.76; H, 3.99; N, 10.88.

The Synthesis of 2,3-dioxo-1H,4H,5H-6-(2-theinyl)-pyrazolo-
[3,4:4′,3`]pyrido[6,5-b][1,5]benzothiazepine (9)

A solution of 8 (0.39 g, 1 mmoles), hydrazine hydrate (0.3 mL, excess),
and 0.3 mL of piperidine in 20 mL of ethanol was warmed to reflux for 7
h. The reaction mixture was concentrated under vacuum, and the solid
formed after an addition of acidified cold water (1 mL Hcl, 20 mL H2O)
was collected by filtration, washed well with 100 mL of cold water, and
crystallized from diluted ethanol to give 9. Yield: 50%. m.p.: 170◦C, IR:
ν3190 (NH), 1695 cm−1 (CO); 1H NMR: δ 7.0–8.1 (m, 8H, Ar-H+NH),
10.7 (s, 2H, 2NH); MS (70 eV) m/z (%): 366 (M+, 23). Anal. calcd. for
C17H10N4O2S2 (366.41): C, 55.73; H, 2.75; N, 15.29. Found: C, 55.53; H,
2.57; N, 15.46.
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The Synthesis of 2,4-Diamino-3-cyano-5-(2-thienyl)-pyrido[6,5-
b][1,5]benzothiazepine (11)

A solution of 5 (0.56 g, 2 mmoles), malononitrile 10a (0.13 g, 2
mmoles) in 20 mL of acetic acid was refluxed for 2 h. The solid
formed during reflux was collected by filtration, washed well with 3
mL of methanol, and crystallized from acetic acid to give 11. Analo-
gously, 5 (0.56 g, 2 mmoles) was reacted with cyanothioacetamide 10b
(0.2 g, 2 mmoles) to give the same compound 11. Yield: 67%. m.p.:
293◦C, IR: ν 3390–3380 (NH2) 2225 cm−1 (CN); 1H NMR: δ 7.0–8.0
(m, 7H, Ar-H), 9.9 (s, 4H, 2NH2); MS (70 eV) m/z (%): 350 (M +
1, 20), 248 (M-thienyl, NH3, H, 62%). Anal. calcd. for C17H11N5S2
(349.43): C, 58.43; H, 3.17; N, 20.04. Found: C, 58.80; H, 3.38;
N, 20.33.

The Preparation of Compounds 16a–c and 17:
General Procedure

A solution of 5 (0.28 g, 1 mmoles), and benzylidenemalononitrile 12a
(0.15 g, 1 mmoles) in 20 mL of acetic acid was warmed to reflux
for 2 h. The solid formed during reflux was collected by filtration,
washed well with 5 mL of methanol, and crystallized from acetic
acid to give 16a. Analogously, 5 (0.28 g, 1 mmoles) was reacted with
12b,c to give 16b,c. Similarly, compound 5 (0.28 g, 1 mmoles) reacted
with urea (0.06 g, 1 mmoles) under the same reaction conditions to
give 17.

4-Amino-3-cyano-2-phenyl-5-(2-thienyl)-1H-pyrido[6,5-b][1,5]
benzothiaepine (16a)

Yield: 65% m.p.: 265◦C, IR: ν3395 (NH2) 2220 cm−1 (CN); 1H NMR: δ

6.9–8.0 (m, 12H, Ar-H), 10.1 (s, 2H, NH2); MS (70 eV) m/z (%): 411
(M+1, 25). Anal. calcd. for C23H14N4S2 (410.51): C, 67.30; H, 3.44; N,
13.65. Found: C, 67.47; H, 3.96; N, 13.90.

4-Amino-3-cyano-2-(4-chlorophenyl)-5-(2-thienyl)-1H-pyrido
[6,5-b][1,5]benzothiazepine (16b)

Yield: 66% m.p.: 267◦C, IR: ν3399 (NH2), 2222 cm−1 (CN); 1H NMR:
δ6.9–8.1 (m, 11H, Ar-H), 10.0 (s, 2H, NH2); MS (70 eV) m/z (%): 444
(M+, 20). Anal. calcd. for C23H13ClN4S2 (444.96): C, 62.08; H, 2.94; N,
12.59. Found: C, 62.22; H, 3.12; N, 12.87.
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2222 E. A. El Rady

4-Amino-3-cyano-2-(4-methylphenyl)-5-(2-thienyl)-1H-pyrido
[6,5-b][1,5]benzothiazepine (16c)

Yield: 60%. m.p.: 267◦C, IR: ν3390 (NH2), 2221 cm−1 (CN); 1H NMR: δ

2.1 (s, 3H, CH3), 6.9–8.0 (m, 11H, Ar-H), 10.3 (s, 2H, NH2); MS (70 eV)
m/z (%): 424 (M+, 20). Anal. calcd. for C24H16N4S2 (424.54): C, 67.90;
H, 3.80; N, 13.20. Found: C, 67.99; H, 4.22; N, 13.49.

2,4-Di-amino-5-(2-thienyl)-pyrimido[6,5-b][1,5]
benzothiazepine (17)

Yield: 65%. m.p.: 290◦C, IR: ν3395-3400 cm−1 (NH2); 1H NMR: δ 7.2–8.0
(m, 7H, Ar-H), 10.1(s, 4H, 2NH2); MS (70 eV) m/z (%): 325 (M+, 45), 326
(M+1, 9), 327 (M+2, 3), 280 (M NH3, -C2H4, 6), 251 (27), 223 (15), 176
(18), 161 (46). Anal. calcd. for C15H11N5S2 (325.41): C, 55.37; H, 3.41;
N, 21.52. Found: 55.60; H, 3.76; N, 21.81.

2-Ethoxymethylideneamino-3-cyano-4-(2-thienyl)[1,5]
benzothiazepine (18)

Equimolar amounts of 5 (2.8 g, 10 mmoles) and triethylorthformate (1.5
g, 10 mmoles) were refluxed in 30 mL ethanol for 4 h in the presence
of 0.2 mL of piperidine. The reaction mixture was concentrated under
vacuum; the residue was triturated with acidified cold water (1 mL Hcl,
20 mL H2O); and the solid was collected by filtration, washed well with
100 mL of cold water, and crystallized from diluted ethanol to give 18.
Yield: 61%. m.p.: 290◦C, IR: ν2220 cm−1 (CN); 1H NMR: δ1.3 (s, 3H,
CH3), 7.0–8.1 (m, 7H, Ar-H); MS (70 eV) m/z (%): 338 (M-1, 100), 339
(M+1, 45), 289 (M C2H5OH, H, 11), 251 (14), 170 (16%). Anal. calcd.
for C17H13N3S2O (339.43): C, 60.16; H, 3.86; N, 12.38. Found: C, 60.35;
H, 3.99; N, 12.57.

3-Amino-4-imino-5-(2-thienyl)-pyrimido[6,5-b][1,5]
benzothiazepine (19)

A solution of 18 (0.28 g, 1 mmoles), hydrazine hydrate (0.3 mL, excess),
and 0.3 mL of piperidine in 20 mL of ethanol was warmed to reflux
for 5 h. The reaction mixture was concentrated under vacuum, and the
solid formed after an addition of acidified cold water (1 mL Hcl, 20 mL
H2O) was collected by filtration, washed well with 100 mL of cold water,
and crystallized from ethanol to give 19. Yield: 60%. m.p.: 290◦C, IR: ν

3390–3150 cm−1 (NH2, NH); 1H NMR: δ 7.0–8.1 (m, 8H, Ar-H), 9.7 (s,
1H, NH), 10.1(s, 2H, NH2); MS (70 eV) m/z (%): 325 (M+, 23). Anal.
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calcd. for C15H11N5S2 (325.41): C, 55.37; H, 3.41; N, 21.52. Found: C,
55.69; H, 3.77; N, 21.80.

4-Amino-2-hydroxy-5-(2-thienyl)-pyrimido[6,5-b][1,5]
benzothiazepine (23)

Equimolar amounts of trichloroacetonitrile (0.15 g, 1 mmoles) and 5
(0.28 g, 1 mmoles) were refluxed in 30 mL ethanol (95%) for 3 h in
the presence of 0.2 mL of piperidine. The solid product isolated during
reflux was filtered, washed well with 2 mL of methyl alcohol, and re-
crystallized with a mixture of EtOH/DMF (3:1). Yield: 60%. m.p.: 290◦C,
IR: ν 3395–3410 cm−1 (OH, NH2); 1H NMR: δ 7.0–8.1 (m, 7H, Ar-H), 8.9
(s, 1H, OH), 9.3 (s, 2H, NH2); MS (70 eV) m/z (%): 326 (M+, 12), (327
(M+1, 11), 328 (M+2, 16), 243 (M-thienyl, 3), 226 (243-NH3, 2), 107
(100%). Anal. calcd. for C15H10N4S2O (326.39): C, 55.20; H, 3.09; N,
17.17. Found: C, 55.56; H, 3.39; N, 17.39.
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