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  Introduction 
 1,4-Thiazepine is a privileged structure because of its pres-

ence in a number of pharmacologically important com-

pounds [1 – 2]. Derivatives of 1,4-thiazepin-5-ones [3 – 8] and 

-2,4-diones [9] are drug candidates for the treatment of 

cancer, heart diseases, and inflammatory diseases. Syn-

thetic approaches to these compounds are varied and 

involve addition, condensation, coupling, rearrangement, 

and thermolysis methods in multistep synthesis [10, 11]. 

Fused thiazepines such as dihydrodibenzothiazepines have 

also been in focus because of their high potential for dis-

covery of drug candidates. Pyrimido[5,4- e ][1,4]thiazepines 

are a new class of heterocyclic compounds that are struc-

turally related to dibenzothiazepines. Therefore, it seems 

likely that these compounds might exhibit some biological 

activities. In line with these assumptions and owing to our 

interest in the synthesis of bioactive heterocycles [12 – 15], in 

the present study we wish to report on the synthesis and 

structural elucidation of pyrimido[5,4- e ][1,4]benzothiaz-

epines as a new class of heterocyclic compounds.  

  Results and discussion 

 Ethyl 4-chloro-3-oxobutanoate ( 1 ) was conveniently 

synthesized according to the literature procedure [16]. 

Treatment of this compound with urea in polyphosphoric 

acid under reflux conditions for 24 h gave 6-(chlorome-

thyl)pyrimidine-2,4(1 H ,3 H )-dione ( 2 ), the treatment of 

which with Br 
2
  in water gave 5-bromo-6-(chloromethyl)

pyrimidine-2,4(1 H ,3 H )-dione ( 3 ). Reaction of  3  with 

 N,N -diethylaniline and POCl 
3
  under reflux conditions 

afforded 5-bromo-2,4-dichloro-6(chloromethyl)pyrimi-

dine ( 4 ), which was subsequently transformed into 

2-[(5-bromo-2,6-dichloropyrimidin-4-yl)methylthio]

aniline ( 5 ) when treated with  o -aminothiophenol and 

Et 
3
 N at -30 ° C. The structure of compound  5  was charac-

terized by spectroscopic data and elemental analysis. 

The IR spectrum of  5  showed stretching vibration bands 

at 3340 and 3460 cm -1  due to its NH 
2
  group. In the  1 H 

NMR spectrum, the CH 
2
 Cl group signal of  4  appeared 

at  δ  4.7, while in compound  5  the same hydrogen signal 

was shifted to  δ  4.1. The striking chemical shift differ-

ence of  Δ  δ   =  0.6 between the CH 
2
  moieties of  4  and  5  

together with the presence of an NH 
2
  moiety in com-

pound  5  clearly demonstrated the replacement of the 

chlorine atom of compound  4  by the sulfur atom of 

 o -aminothiophenol to obtain compound  5 . 

 2-[(5-Bromo-2-chloro-6- N,N -dialkylaminopyrimidin-

4-yl)methylthio]anilines  6  and  7  were obtained by treat-

ment of  5  in the presence of secondary amines and Et 
3
 N 

in chloroform at -30 ° C. Compounds  6  and  7  on treatment 

with secondary amines underwent simultaneous nucleo-

philic substitution and cyclization to give the desired 

products  8a – e  and  9a – e  ( Scheme 1 ).  

 The structural assignments of the compounds  8a – e  

and  9a – e  were based on the spectral and microanalytical 

data. The IR spectra did not exhibit stretching vibration 

bands at 3340 and 3460 cm -1  (NH 
2
 ) observed for the pre-

cursors, but showed a sharp band at 3440 cm -1  for the NH 

vibration. Further proof came from the  1 H NMR spectra, 

which showed a sharp NH signal. Elimination of HBr was 

observed in the mass spectra of compounds  8a – e  and  
9a – e . 
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  Conclusion 

 The synthesis of a new family of tricyclic heterocy-

cles, 5,7 diamino-5,11-dihydropyrimido[5,4- e ][1,4]ben-

zothiazepines, through simultaneous nucleophilic 

substitution and heterocyclization of 2-[(5-bromo-

2-chloro-6- N,N -dialkylaminopyrimidin-4-yl)methylthio]

anilines with secondary amines in ethanol is described.   

  Experimental 
 Melting points were recorded on an Electro thermal type 9100 

melting point apparatus (UK). The IR spectra were obtained on an 

AVATAR 370FT-IR Thermo Nicolet spectrometer (Germany) using 

KBr discs.  1 H NMR and  13 C NMR spectra were recorded in CDCl 
3
  on 

a Bruker spectrometer (Germany) at 400 MHz and 100 MHz, respec-

tively. The mass spectra were scanned on a Varian Mat CH-7 instru-

ment (Germany) at 70 eV. Elemental analyses were performed on a 

Thermo Finnigan Flash EA microanalyzer (Italy). 

  Synthesis of 6-(chloromethyl)pyrimidine-
2,4(1 H ,3 H )-dione (2) 
 A mixture of ethyl 4-chloro-3-oxobutanoate  (1)  (10 mmol, 1.64 g) and 

urea (10 mmol, 0.60 g) in polyphosphoric acid (5 mL) was heated 

under refl ux for 24 h. Aft er the reaction was completed, the mixture 

was cooled and poured into an ice-cold water bath (30 mL). The 

precipitate was fi ltered, washed well with cold water, and dried at 

80 ° C. This compound was pure enough for the next reactions. It was 

obtained in 60% yield as a brown powder;   mp 253 – 255 ° C (decomp.); 

 1 H NMR:  δ  4.33 (s, 2H, CH 
2
 ), 5.64 (s, 1H, CH), 11.11 (brs, 2H, NH, D 

2
 O 

exchangeable);  13 C NMR:  δ  161.2, 151.5, 150.5, 101.8, 39.9; IR:  ν  3150, 

3041 cm -1  (NH); 
 
 MS: m/z 160. Anal. Calcd for C 

5
 H 

5
 ClN 

2
 O 

2
 : C, 37.40; H, 

3.14; N, 17.45. Found: C, 37.38; H, 3.09; N, 17.42.  

  Synthesis of 5-bromo-6-(chloromethyl)
pyrimidine-2,4(1 H ,3 H )-dione (3) 
 To a suspension of 6-(chloromethyl)pyrimidine-2,4(1 H ,3 H )-dione ( 2 , 

10 mmol, 1.60 g) in water (20 mL), a mixture of molecular bromine (10 

mmol, 1.80 g) and water (5 mL) was added dropwise with vigorous 

stirring over a period of 1 min. Stirring was continued for further 30 

min. The mixture was heated under refl ux and then cooled to room 

temperature to give a solid residue, which was collected by fi ltration, 

washed with warm water (2   ×   30 mL), and dried at 80 ° C. This com-

pound was pure enough for the next reactions. It was obtained in 

58% yield as a brown powder; mp   273 – 275 ° C;  1 H NMR:  δ  4.75 (s, 2H, 

CH 
2
 ), 11.21 (brs, 2H, NH, D 

2
 O exchangeable);  13 C NMR:  δ  158.6, 150.3, 

148.7, 84.5, 31.8; IR:  ν  3185, 3146 cm -1  (NH); MS m/z 238. Anal. Calcd 

for C 
5
 H 

4
 BrClN 

2
 O 

2
 : C, 25.08; H, 1.68; N, 11.70. Found: C, 25.12; H, 1.63; 

N, 11.66.  

  Synthesis of 5-bromo-2,4-dichloro-6-
(chloromethyl)pyrimidine (4) 
 A mixture of 5-bromo-6-(chloromethyl)pyrimidine-2,4(1 H ,3 H )-

dione ( 3 ,10 mmol, 2.39 g) and  N,N -diethylaniline (3 mmol, 0.46 g) 
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 Scheme 1      Synthetic pathway of the title compound.    
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in phosphorus oxychloride (10 mL) was heated under refl ux for 3 h. 

The solvent was removed  in vacuo  and the residue was treated with 

ice. The precipitate was collected by fi ltration and crystallized from 

 n -hexane. It was obtained in 66% yield as a yellow powder;   mp 32 –

 34 ° C;  1 H NMR:  δ  4.79 (s, 2H, CH 
2
 );  13 C NMR:  δ  170.6, 164.7, 159.7, 115.3, 

39.2; MS: m/z 274. Anal. Calcd for C 
5
 H 

2
 BrCl 

3
 N 

2
 : C, 21.73; H, 0.73; N, 

10.14. Found: C, 21.90; H, 0.68; N, 10.61.  

  Synthesis of 2-[(5-bromo-2,6-dichloropyrimi-
dine-4-yl)methylthio]aniline (5) 
 To a solution of 5-bromo-2,4-dichloro-6-(chloromethyl)pyrimidine ( 4 , 

10 mmol, 2.76 g) and triethylamine (0.11 mmol, 1.20 g) in chloroform 

(30 mL), 2-aminothiophenol (10 mmol, 1.25 g) was added dropwise 

with vigorous stirring over a minute at -30 ° C. Aft er the reaction was 

completed, which was monitored by TLC using chloroform/metha-

nol (20:1) as eluent, the solvent was removed under reduced pres-

sure and the residue was washed with warm water and crystallized 

from ethanol. It was obtained in 63% yield as a yellow powder;   mp 

121 – 123 ° C;  1 H NMR:  δ  4.15 (bs, 2H, NH 
2
 , D 

2
 O exchangeable), 4.65 (s, 2H, 

CH 
2
 ), 6.53 – 7.55 (m, 4H, Ar);  13 C NMR:  δ  170.9, 165.6, 158.7, 147.9, 133.5, 

128.0, 119.2, 117.6, 116.4, 114.0, 34.6. IR:  ν  3452, 3431 cm -1  (NH 
2
 ); MS m/z 

363; Anal. Calcd for C 
11

 H 
8
 BrCl 

2
 N 

3
 S: C, 36.19; H, 2.21; N, 11.51. Found: C, 

36.11; H, 2.19; N, 11.49.  

  General procedure for the preparation of 6 
and 7 
 A mixture of 2-[(5-bromo-2,6-dichloropyrimidine-4-yl)methylthio]ben-

zenamine ( 5 , 10 mmol, 3.65 g) and appropriate secondary amine (30 

mmol) in ethanol (20 mL) was stirred at -30 ° C. Aft er addition of water 

(30 mL), the precipitate was fi ltered off  and crystallized from ethanol. 

  2-[(5-Bromo-2-chloro-6- N , N- diethyl amino pyrimidin-4-yl)meth-
ylthio]aniline (6)  This compound was obtained in 65% yield as a 

brown powder; mp 60 – 62 ° C;  1 H NMR:  δ  1.14 (t, 6H, CH 
3
 ,  J   =  7 Hz), 2.81(q, 

4H, CH 
2
 ,  J   =  7 Hz), 4.15 (s, 2H, CH 

2
 ), 5.12 (bs, 2H, NH 

2
 , D 

2
 O exchange-

able), 6.65 – 6.93 (m, 1H, CH 
Ar

 ), 6.95 – 7.43 (m, 3H, Ar);  13 C NMR:  δ  172.4, 

169.1, 157.3, 146.8, 134.0, 127.2, 118.4, 117.9, 112.9, 106.7, 44.6, 35.4, 11.9. 

IR: 3481, 3432 cm -1  (NH 
2
 ); MS m/z 400. Anal. Calcd for C 

15
 H 

18
 BrClN 

4
 S: C, 

44.84; H, 4.52; N, 13.95; S, 7.98. Found: C, 44.82; H, 4.51; N, 13.92; S, 7.96. 

  2-[(5-Bromo-2-chloro-6-morpholinopyrimidin-4-yl)methylthio]
aniline (7)  This compound was obtained in 60% yield as a brown 

powder;   mp 108 – 110 ° C;  1 H NMR:  δ  3.31 – 3.80 (m, 8H 
, 
 CH 

2
 -N, CH 

2
 -O), 

4.05 (s, 2H, CH 
2
 ), 5.15 (bs, 2H, NH 

2
 , D 

2
 O exchangeable), 6.45 – 6.85 

(m, 1H, CH 
Ar

 ), 6.85 – 7.45 (m, 3H, Ar);  13 C NMR:  δ  173.6, 168.4, 157.3, 

146.5, 133.6, 126.0, 117.9, 116.7, 112.5, 106.4, 63.9, 47.6, 34.8. IR:  ν  3452, 

3349 cm -1  (NH 
2
 ); MS m/z 414. Anal. Calcd for C 

15
 H 

16
 BrClN 

4
 OS: C, 43.34; 

H, 3.88; N, 13.48; S, 7.71. Found: C, 43.32; H, 3.83; N, 13.43; S, 7.68.  

  General procedure for the preparation of 
8a – e and 9a – e 
 A mixture of 2-[(5-bromo-2-chloro-6-aminopyrimidin-4-yl)methyl-

thio]aniline (10 mmol) and secondary amine (30 mmol) in ethanol 

(20 mL) was heated under refl ux for about 6 h. Then, the mixture was 

cooled and the solvent was removed under reduced pressure. The 

residue was washed with cooled ethanol (20 mL) and dried. 

   N,N -Diethyl-2-(pyrrolidino)-5,11-dihydrobenzo[ b ]pyrimido[5,4-
 e ][1,4]thiazepin-4-amine (8a)  It was obtained in 58% yield as a 

yellow viscous liquid;  1 H NMR:  δ  1.28 (t, 6H, 
 
 CH 

3
 ,  J   =  7 Hz), 1.91 – 2.85 

(m, 12H, CH 
2
 , CH 

2
 -N), 3.51 (s, 2H, CH 

2
 -S), 6.17 – 6.68 (m, 4H, Ar),7.13 (bs, 

1H, NH, D 
2
 O exchangeable);  13 C NMR:  δ  154.6, 152.8, 149.7, 140.5, 133.9, 

123.6, 117.9, 116.8, 115.3, 109.9, 52.6, 45.4, 31.6, 23.5, 12.0; IR:  ν  3444 cm -1  

(NH); MS: m/z 355. Anal. Calcd for C 
19

 H 
25

 N 
5
 S: C, 64.19; H, 7.09; N, 

19.70; S, 9.02. Found: C, 64.19; H, 7.11; N, 19.65; S, 9.00. 

   N,N -Diethyl-2-(piperidino)-5,11-dihydrobenzo[b]pyrimido[5,4- e ]
[1,4]thiazepin-4-amine (8b)  This compound was obtained in 62% 

yield as a yellow viscous liquid;  1 H NMR:  δ  1.31 (t, 6H, 
 
 CH 

3
 ,  J   =  7Hz), 

1.88 – 2.92 (m, 14H, CH 
2
 , CH 

2
 -N), 3.49 (s, 2H, CH 

2
 -S), 6.21 – 6.74 (m, 4H, Ar), 

7.20 (bs, 1H, NH, D 
2
 O exchangeable);  13 C NMR:  δ  154.0, 153.7, 149.6, 140.5, 

133.6, 123.9, 118.9, 118.7, 118.7, 115.0, 109.3, 52.8, 46.4, 31.7, 23.6, 22.5, 12.3; 

IR:  ν  3456 cm -1  (NH); MS: m/z 369. Anal. Calcd for C 
20

 H 
27

 N 
5
 S: C, 65.01; H, 

7.36; N, 18.95; S, 8.68. Found: C, 65.11; H, 7.34; N, 18.89; S, 8.66. 

   N,N -Diethyl-2-(4-methylpiperazino)-5,11-dihydrobenzo[ b ]
pyrimido[5,4- e ][1,4]thiazepin-4-amine (8c)  This compound was 

obtained in 64% yield as a brown powder; mp 90 – 92 ° C;  1 H NMR: 

 δ  1.21 – 1.42 (m, 9H, 
 
 CH 

3
 ), 1.99 – 3.11 (m, 12H, CH 

2
 , CH 

2
 -N), 3.49 (s, 2H, 

CH 
2
 -S), 6.21 – 6.88 (m, 4H, Ar), 7.17 (bs, 1H, NH, D 

2
 O exchangeable); 

 13 C NMR:  δ  155.0, 152.7, 149.5, 139.6, 133.9, 123.4, 117.6, 116.7, 115.4, 110.2, 

55.6, 50.3, 46.3, 45.6, 31.7, 12.3; IR:  ν  3445 cm -1  (NH); MS: m/z 384. Anal. 

Calcd for C 
20

 H 
28

 N 
6
 S: C, 62.47; H, 7.34; N, 21.85; S, 8.34. Found: C, 62.44; 

H, 7.31; N, 21.82; S, 8.30. 

   N,N  -Diethyl-2-(4-ethylpiperazino)-5,11-dihydrobenzo[ b  ]
pyrimido[5,4- e ][1,4]thiazepin-4-amine (8d)  This compound was 

obtained in 59% yield as a yellow viscous liquid;  1 H NMR:  δ  1.12 – 1.33 

(m, 9H, 
 
 CH 

3
 ), 1.78 – 2.93 (m, 14H, CH 

2
 , CH 

2
 -N), 3.52 (s, 2H, CH 

2
 -S), 6.15 –

 6.82 (m, 4H, Ar ), 7.22 (bs, 1H, NH, D 
2
 O exchangeable);  13 C NMR:  δ  

154.3, 152.7, 148.6, 140.2, 133.3, 1234, 118.2, 116.9, 115.4, 110.6, 53.1, 50.5, 

47.8, 46.4, 31.6, 11.9, 12.1. IR:  ν  3440 cm -1  (NH); MS: m/z 398. Anal. 

Calcd for C 
21

 H 
30

 N 
6
 S: C, 63.28; H, 7.59; N, 21.09; S, 8.05. Found: C, 63.30; 

H, 7.53; N, 21.06; S, 8.10. 

   N,N -Diethyl-2-(4-phenylpiperazino)-5,11-dihydrobenzo[ b ]
pyrimido[5,4- e ][1,4]thiazepin-4-amine (8e)  This compound was 

obtained in 55% yield as a yellow viscous liquid;  1 H NMR:  δ  1.35 (t, 

6H, 
 
 CH 

3
 ,  J   =  7 Hz), 1.93 – 3.05 (m, 12H, CH 

2
 , CH 

2
 -N), 3.51 (s, 2H, CH 

2
 -S), 

6.73 – 7.51 (m, 9H, Ar), 7.63 (bs, 1H, NH, D 
2
 O exchangeable);  13 C NMR: 

 δ  155.5, 152.5, 150.0, 148.6, 140.5, 133.6, 127.5, 123.6, 120.8, 117.9, 116.9, 

115.0, 112.3, 109.3, 45.3, 47.4, 45.6, 33.0, 12.4; IR:  ν  3440 cm -1  (NH).   MS: 

(m/z) 446. Anal. Calcd for C 
25

 H 
30

 N 
6
 S: C, 67.23; H, 6.77; N, 18.82; S, 7.18. 

Found: C, 67.23; H, 6.70; N, 18.79; S, 7.10. 

  4-(2-(Pyrrolidino)-5,11-dihydrobenzo[ b ]pyrimido[5,4- e ][1,4]thi-
azepino)morpholine (9a)  This compound was obtained in 64% 

yield as a yellow powder;   mp 129 – 131 ° C;  1 H NMR:  δ  1.44 (t, 4H, CH 
2
 , 

 J   =  7 Hz), 1.81 – 2.20 (m, 8H, CH 
2
 , CH 

2
 -N), 3.11 – 3.17 (m, 4H, CH 

2
 -O), 4.62 

(s, 2H, CH 
2
 -S), 6.84 – 7.85 (m, 5H, NH, Ar);  13 C NMR:  δ  154.5, 152.4, 149.6, 

128.3, 127.8, 123.3,121.2, 115.0, 64.8, 61.5, 52.7, 46.4, 45.0, 30.2, 23.5. IR: 

 ν  3342 cm -1  (NH); MS: (m/z) 369. Anal. Calcd for C 
19

 H 
23

 N 
5
 OS: C, 61.76; 

H, 6.27; N, 18.95; S, 8.68. Found: C, 61.765; H, 6.23; N, 18.85; S, 8.60. 
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  4-(2-Piperidino-5,11-dihydrobenzo[ b ]pyrimido[5,4- e ][1,4]thi-
azepino)morpholine (9b)  This compound was obtained in 60% 

yield as a yellow powder; mp 91 – 93 ° C;  1 H NMR:  δ  1.02 – 1.51 (m, 2H, 

CH 
2
 ), 1.63 – 2.01 (m, 4H, CH 

2
 ), 2.51 – 3.11 (m, 4H, CH 

2
 -N), 3.63 – 4.15 (m, 

8H, CH 
2
 -N, CH 

2
 -O), 4.22 – 4.31 (m, 2H, CH 

2
 -S), 6.61 – 7.62 (m, 5H, NH, Ar);  

13 C NMR:  δ  155.2, 154.5, 148.6, 129.4, 127.6, 123.2, 121.4, 116.3, 66.0, 61.7, 

52.8, 46.4, 45.0, 29.8, 23.2, 22.5.   IR:  ν  3452 cm -1  (NH); MS: m/z 383. Anal. 

Calcd for C 
20

 H 
25

 N 
5
 OS: C, 62.64; H, 6.57; N, 18.26; S, 8.36. Found: C, 

62.59; H, 6.53; N, 18.25; S, 8.36. 

  4-(2-(4-Methylpiperazino)-5,11-dihydrobenzo[ b ]pyrimido[5,4- e ]
[1,4]thiazepino)morpholine (9c)  This compound was obtained in 

57% yield as a yellow powder;   mp 187 – 189 ° C;  1 H NMR:  δ  1.80 – 2.65 (m, 

11H, CH 
3
 , CH 

2
 -N), 

 
 2.95 – 3.42 (m, 4H, CH 

2
 -N), 3.45 – 3.95 (m, 6H,CH 

2
 -O, 

CH 
2
 -S), 6.25 – 6.91 (m, 5H, NH, Ar);  13 C NMR:  δ  155.0, 152.5, 148.7, 148.2, 

139.2, 123.8, 117.9, 116.4, 115.2, 110.3, 64.9, 55.8, 50.5, 48.2, 44.3, 31.9. IR: 

 ν  3446 cm -1  (NH); MS: m/z 398. Anal. Calcd for C 
20

 H 
26

 N 
6
 OS: C, 60.28; 

H, 6.58; N, 21.09; S, 8.05. Found: C, 60.20; H, 6.49; N, 21.12; S, 8.00. 

  4-(2-(4-Ethylpiperazino)-5,11-dihydrobenzo[ b ]pyrimido[5,4- e ]
[1,4]thiazepino)morpholine (9d)  This compound was obtained 

in 57% yield as a yellow powder;   mp 149 – 151 ° C;  1 H NMR:  δ  1.38 (t, 

3H, CH 
3
 ,  J   =  7 Hz), 

 
 1.52 – 2.63 (m, 8H, CH 

2
 -N), 2.75 – 3.25 (m, 6H, CH 

2
 -N), 

3.35 – 3.55 (m, 6H, CH 
2
 -O, CH 

2
 -S), 6.05 – 6.76 (m, 5H, NH, Ar);  13 C NMR: 

 δ  154.3, 152.3, 148.7, 140.2, 134.2, 123.6, 117.4, 116.3, 115.5, 110.2, 64.8, 

53.2, 50.0, 48.2, 47.6, 33.0, 11.2.   IR:  ν  3341 cm -1  (NH); MS: m/z 412. Anal. 

Calcd for C 
21

 H 
28

 N 
6
 OS: C, 61.14; H, 6.84; N, 20.37; S, 7.77. Found: C, 

61.20; H, 6.84; N, 20.30; S, 7.80. 

  4-(2-(4-Phenylpiperazino)-5,11-dihydrobenzo[ b ]pyrimido[5,4- e ]
[1,4]thiazepino)morpholine (9e)  This compound was obtained in 

59% yield as a yellow powder; mp 86 – 88 ° C;  1 H NMR:  δ  3.00 – 3.41 (m, 

8H, CH 
2
 -N), 3.41 – 3.72 (m, 4H, CH 

2
 -N), 3.72 – 4.12 (m, 6H, CH 

2
 -O, CH 

2
 -S), 

6.64 – 7.45 (m, 10H, NH, Ar);  13 C NMR:  δ  154.7, 152.3, 148.7, 147.8, 141.0, 

134.4, 128.4, 123.6, 120.4, 118.8, 117.4, 115.3, 112.8, 110.9, 65.3, 48.8, 46.3, 

31.2. IR:  ν  3333 cm -1  (NH); MS: m/z 460. Anal. Calcd for C 
25

 H 
28

 N 
6
 OS: C, 

65.19; H, 6.13; N, 18.25; S, 6.96. Found: C, 65.19; H, 6.10; N, 18.15; S, 

6.95.    
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