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Reactions of 3-Bromo-2,3-dihydro- and 2,3-Dibromo-4H-I -benzothiopyran-4-one 
1 ,I -Dioxides with Various Amines 

Shigeru Watanabe, Hiroyuki Nakazumi," and Teijiro Kitao 
Department of Applied Chemistry, College of Engineering, University of Osaka Prefecture, Sakai, Osaka 59 I ,  
Japan 

Reactions of 2 ,3-d ibromo-4H- l -  benzothiopyran-4-one 1 ,I -dioxide (1 ) and 3-bromo-2,3-dihydro-4H- 
1 -benzothiopyran-4-one 1 ,I -dioxide (4) with various amines have been studied. Novel 2 -  
alkylamino and arylamino derivatives (2a-g) were obtained from the reactions of (1) with 
alkylamines and primary aromatic amines, respectively. The reaction of (1 ) with secondary aromatic 
amines gave 2-aryl derivatives (3) together with 2-arylamino derivatives. Tertiary aromatic amines 
under the same conditions gave only 2-aryl derivatives (3d-i). The reactions of (4) with aromatic 
amines gave directly the 3-substituted thiochromone 1 -oxides (5a--c), which were oxidized with 
hydrogen peroxide to  the corresponding sulphones (6a-c). The ring-closure product (8) was 
obtained from the reaction of (4) with o-aminobenzenethiol. 

- __ 

Compounds related to 2-phenyl-4H-1 -benzothiopyran-4-ones 
(thioflavones) are interesting in that they are biologically active 
and contain a sulphur atom.'-3 We have studied the relation- 
ship between structure and antimicrobial activity of thioflavones 
and thioflavone 1, I -dioxides, some of which showed significant 
activity in ujtro against Trichophyton rnentagrophyte~ .~~~ 

The S,S-dioxides of 4H-1 -benzothiopyran-4-one (thiochro- 
mone) are of particular interest; they can be regarded as the 
sulphone analogues of 1,4-naphthoquinone dyes, used in optical 
recording media and guest-host liquid crystal displays.' '3' 

Some thiopyran 1,l -dioxides, have already been prepared. 
However. little is known of the chemistry of thiochromone 
1,1 -dioxides. ' 

This paper describes the reactions of 2,3-dibromo-4H-1- 

benzopyran-4-one (2,3-dibromothiochromone) 1,l -dioxide (1) 
and 3-bromo-2,3-dihydro-4H-1-benzothiopyran-4-one 1,l- 
dioxide (4) with various amines to give 2-alkylamino- and 3- 
arylamino-thiochromone 1,l-dioxides, which can be viewed 
as examples of a simple donor-acceptor system. 

Results and Discussion 
Reactions of 2,3-Dibromothiochromone 1,l-Dioxide (1) with 

Amines.-It is well known that both 2,3-dichloro- and 2,3- 
dibromo-thiochromone 1,l -dioxide (1) react smoothly with 
nucleophiles to give mono- and di-substituted derivatives.' Of 
the primary amines, only aniline has been reported to react with 
(1). We have now found that the reaction is general, at least for 
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Table 1. Reactions of 2,3-dibromothiochromone 1,l -dioxide ( I )  with amines 

Amine 
MeNH 

Me2NH 

p-MeOC6H4NH2 

p-MeC6H,NH2 

p-AcC6H4NH2 

p-O,NC,H,NH, 

PhNHMe 

PhNHEt 

Ph2NH 

PhNMe, 

PhNEt, 

o- M eC H N M e 

rn-MeC,H,NMe, 

rn-MeC6H,NEt2 

3,5-Me,C6H3NMe2 

Temp. 
- 20 "C 

-20 "C 

Room 

Room 

Room 

Reflux 

Reflux 

Reflux 

Reflux 

Reflux 

Reflux 

Reflux 

Reflux 

Reflux 

Reflux 

Yield 
(%) 
37 

22 

92 

63 

8 

48 

13 

15 

39 

1.2 

36 

35 

15 

0.3 

2.3 

7.1 

1.3 

Found (%) (Required) 
M.p. ("C) A 

f 1 

(recryst. sol.) 
157' 

163 ' 
C 

C 

188-190 
(EtOH) 

194-195 

174 

250-252 

146-148 

(c6HR) 

(EtOH) 

(CHCl3) 

(C6H 12) 
21 3-2 15 

(C6H6-C6H1 2 )  

2 24-2 2 5 
(C6H6) 

234-2 3 5 
(c6HR) 

243 
(CHCI3) 
228-229 
(C6H6) 

183-184 
(C6H2) 

(C6H6) 
238 

228-229 
(C6H6) 

218-219 
(C6H6) 

157-158 
(C6H6) 

C 
39.9 

41.7 
(4 1.8) 
48.5 

(48.75) 
50.7 

(50.8) 
50.1 

(50.3) 
44.3 

(44.0) 
50.5 

(50.8) 
50.8 

(50.8) 
52.2 

(52.05) 
57.45 

52.1 
(52.05) 
54.3 

66.6 
(66.8) 
51.0 

(52.05) 
53.4 

(53.2) 
55.3 

53.1 
(53.2) 

(39.75) 

(57.3) 

(54.3) 

(55.3) 

Compound (2c) is known (ref. 12). Decomposed. As (2a) and (2b) were unstable, recrystallization was not possible. 

N 
4.9 

4.6 

3.8 

3.6 

3.65 

6.7 
(6.85) 
3.5 

(3.7) 
3.5 

(3.7) 
3.3 

(3.6) 
3.4 

(3.2) 
3.45 

(3.6) 
3.2 

(3.3) 
4.0 

(4.1) 
3.7 

(3.6) 
3.5 

(3.45) 
3.4 

(3.2) 
3.3 

(3.45) 

(4.6) 

(4.4) 

(3.55) 

(3.7) 

(3.45) 

primary aromatic and aliphatic amines, as shown in Table 1. 
The reaction of (1) with p-substituted anilines in ethanol gave 
the 2-arylamino compounds (2) in 48-92% yield. The reaction 
of (1)  with p-nitroaniline, in which the nucleophilicity of the 
amino group is significantly decreased, also gave a 2-aryl- 
amino derivative (2g), although 2,3-dichloro-l,4-naphtho- 
quinone (10) is unreactive under the same  condition^.'^ It is 
suggested that the electrophilicity of C-2 in (1) is enhanced 
by the strongly electron-withdrawing sulphone group. 

The reaction of (1) with alkylamines (methylamine and 
dimethylamine) at - 20 "C gave the 2-alkylamino compounds 
(2a and b) in good yield (Scheme 1). The products were unstable 
and gradually decomposed to give brown material at room 
temperature. 

The amination products were identified as the 2-alkylamino 
or 2-arylamino derivatives, on the basis of their I3C n.m.r. 
spectra: C-2 of the 2-anilino compound (2c) suffers a con- 
siderable upfield shift (6 128 p.p.m.) as compared with that of 
(1) (6 142 p.p.m.), although C-3 is little affected (136 and 134 
p.p.m., respectively). 

Compound (1) with primary amines afforded only monosub- 
stituted products, like 2,3-dichloro-1,4-naphthoquinone (10). l 5  

In 2-amino-3-chloro- 1,4-naphthoquinone a second amino 
group could be introduced after N-acylation or N-nitrosation. l 6  

However, the N-acetyl compound (2j), prepared by acylation of 
(2c) with acetic anhydride was unreactive to alkylamines. It is 

suggested that a reaction of the Michael addition type can occur 
at the 2-position of (l), but not at the 3-position. 

The reaction of (1) with N-methylaniline gave the C-sub- 
stituted 2-aryl derivative (3a), together with the 2-arylamino 
derivative (2h). The reactions of (1) with the more bulky amines 
N-ethylaniline and diphenylamine afforded only aryl derivatives 
(3b and c). The arylated compounds were identified as the 2-aryl 
derivatives on the basis of their 'H and I3C n.m.r. spectra: two 
different doublet proton signals (at ca. 6.60 and 7.50 p.p.m.) 
were observed, typical of a p-substituted N,N-dialkylaniline, 
and the chemical shifts of C-2 and C-3 of (3) (150 and 130 p.p.m.) 
are typical of a 3-bromothioflavone 1,l-dioxide. 

The reactions of (1) with tertiary aromatic amines afforded 
the 2-aryl derivatives (3d-i) (Table 1). In the reaction with 
N,N-diethylaniline, the 2-aryl derivative (3e) and debrominated 
product (3f) were also obtained. 

The reaction with substituted N,N-dialkylanilines gave the 
2-aryl compounds (3g-i) in very low yields (less than 10%); 
this can probably be attributed to steric hindrance by the 
substituent. The reaction with N,N73,5-tetramethylaniline did 
not afford a 2-aryl derivative, but gave the 2-arylamino 
derivative (2i) via N-demethylation of the substituted aniline. 

Cyclic Vo1tammogram.s.-As shown in the Figure, the cyclic 
voltammogram of (1) is markedly different from that of 2,3- 
dichloro-l,4-naphthoquinone (10). The curve of (1) shows an 
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0.5 0 -0.5 -1.0 

V vs.Ag/AgCl 

Figure. Cyclic voltammograms: ( a )  2,3-dichloro-1,4-naphthoquinone 
(10); (b)  2,3-dibromothiochromone 1,l-dioxide (1) 

Table 2. Reduction potentials of 2,3-dibromothiochromone 1,l -dioxide 
( I )  and 2,3-dichloro- 1,4-naphthoquinone (10) measured by cyclic 
voltammetry " 

Compound ElPcb/V EZPCCIV 
(1) -0.55 - 0.73 

(10) - 0.47 - 1.09 
I' Glassy carbon cathode, MeCN-Bu,NClO, ( 0 . 1 ~ ) ,  substrate ca. 0.5 
mM, V rs. Ag AgCl, scan rate 100 mV ssl. First reduction potential. 
' Second reduction potential. 

irreversible oxidation-reduction wave, whereas that of (10) 
shows two reversible oxidation-reduction waves. The first 
reduction potential of (1) is approximately equal to that of (10) 
but the second is higher than that of (10); thus the oxidising 
ability of (1) is less than that of (10) (Table 2). 

The difference in oxidising abilities of these compounds was 
reflected in their reactivity towards triethylamine. Thus the 1,4- 
naphthoquinone (10) reacted with triethylamine to give N,N-  
diethylvinylamine, which then reacted as expected with (10) to 
give the 2-diethylaminovinyl compound (1 1)' ' However, the 
reaction of (1) with triethylamine did not give the corresponding 
2-diethylaminovinyl compound under the same conditions. 

Synthesis of 3-Substituted Thiochromone 1 , 1 - Dioxides.-As 
already mentioned, 3-substituted thiochromone 1,l -dioxides 
could not be obtained from the reactions of (1)  with amines. We 
therefore sought a synthetic approach to 3-substituted deriva- 
tives. 3-Bromothiochromanone 1,l-dioxide (4) was selected as 
starting material, in the expectation that it would be substituted 
only at the 3-position by nucleophiles. We found that the 
reaction of (4) with primary aromatic amines afforded the 
3-substituted thiochromone 1-oxide (5a-c)  oxidation of which 
by 30% hydrogen peroxide gave the desired 3-arylamino- 
thiochromone 1,l -dioxides (6a-c). These sulphoxides might 
result from dehydration and oxidation of the 3-arylaminothio- 
chromanone 1,l-dioxides, obtained by substitution of bromine 
in (4). 3-Aminothiochromone 1,l-dioxide (6d) was obtained 
directly by treating (1) with sodium azide, in low yield. The 
reaction of (4) with N,N-dimethylaniline caused only substi- 
tution at the 3-position7 to give 3-(4-dimethylaminophenyl)- 
thiochromanone 1,l -dioxide (7). 

The reaction of (4) with 2-aminobenzenethiol gave a new 
heterocycle (8), subsequently oxidized with 2,3-dichloro-5,6- 
dicyano-p-benzoquinone (DDQ) to give the imino compound 
(9) (Scheme 3). However, the reaction of (4) with 2-aminophenol 
gave 3-(2-hydroxyanilino)thiochromone 1 -oxide (6e). The 
reaction of (1)  with 1,2-diaminobenzene gave many unidentified 
products. 

Table 3. Spectroscopic data for 2-alkylamino- and 2-anilino-thiochromone 1,l-dioxide (2) 

v,,,dy :cm ' " 
1 630 (C=O) 
3 300 ( N H )  

1 630 (C=O) 

3 0 5 5  (NH)" 
I 630 (C=O)b 
3 170 (NH) 
1 630 (C=O) 

3 270 (NH) 
1635 (C=O) 

3 300 (NH)  
I 660 (C=O) 

3 130 (NH) 
1 650 (C=O) 

1 650 (C=O) 

1 665 (C=O) 

'H N.m.r. (270 MHz; CDCl,)'.d 6 (J/Hz) 
3.53 (3 H, s), 5.56-6.00 (1 H, br), 7 .6G8.36  (4 H, m) 

3.00 (3 H, s), 3.48 (3 H, s), 7.34-8.30 (4 H, m) 

7.17(1 H,brs),7.34-7.46(5H,m),7.76-7.83(2H,m), 
7.94 (1 H, dd, J 2 and 9), 8.31 (1 H, dd, J 2 and 9) 
3.82 (3 H, s), 6.94 (2 H, d, J 9), 7.17 (1 H, br s), 7.37 
(2 H, d, JS), 7.74-7.81 (2 H, m), 7.88 (1 H, dd, J 2  and 7), 
8.31 (1  H, dd, J 2 and 9) 
2.39(3H,s),7.17(1 H,brs ) ,7 .23(2H,d ,J8) ,7 .29(2H,  
d,J9),7.75-7.79(2H,m),7.90(1 H,dd7J2and9),8.31 
(1 H, dd, J 2  and 9) 
2.62 (3 H, s), 7.10 (1 H, br s), 7.27 (2 H, d, J9),  7.81 ' ( 1  H, 
dt,Jland7),7.86'(1 H,dt,Jland7),8.03'(2H,d,J9),  
8.03 ' (1 H, dd, J 1 and 7), 8.33 (1 H, dd, J 1 and 9) 
7.18 (2 H, d, J 9 ) ,  7.87 (1 H, dt, J 1 and S), 7.94 (1 H, dt, 
J 1 and 8), 8.10 (1 H, dd, J 1 and 8), 8.18 (2 H, d, J 9 ) ,  
8.33 (1 H, dd, J 1 and 8), 10.33 (1 H, br s) 
3.67 (3 H, s), 7.08 (1 H, br s), 7.12 (3 H, dd, J 1 and 8), 7.34 
(1 H,dt,J2and7),7.78(1H,dt,Jland7),7.87(1H,dt,  
J 1 and 8), 8.06(1 H,dd ,J  1 and 8), 7.29 ( I  H,dd, J 1  and 8) 
2.29 (6 H, s), 3.65 (3 H, s), 6.74 (2 H, s), 6.76 (1 H, s), 7.77 
(1 H, dt, J 1 and 8), 7.85 (1 H, dt, J 1 and 8), 8.05 (1 H,dd, 
J 1 and 8), 8.28 (1 H, dd, J 1 and 8) 

miz (rel. int.) 
303 (53%, M +  + 2), 301 (53, M + ) ,  237 (62. M +  - SO,), 
223 (34), 158 (80, M +  - SO, - Br) 
317 (19% M +  + 2), 315 (19, M + ) ,  251 (4, M +  - so,), 
236 (31, M +  - Br), 172 (100, M +  - Br - SO,) 
365(1.7%,M+ + 2),363(1.8,M+),299(13,M+ -SO,), 
284 (0.7, Mf - Br), 220 (100, M +  - SO, - Br) 
395 (13%, M +  + 2), 393 (13, M') ,  329 (12, M +  - SO,), 
315 (32), 250 (27, M +  - SO, - Br) 

379 (21%, M +  + 2), 377 (20, M + ) ,  313 (20, M +  - SO,), 
299 (34), 234 (94, M +  - SO, - Br) 

407 (2% Mt + 2), 405 (2, M + ) ,  341 (3, M +  - so,), 
326 (3, M + ,  Br), 263 (32), 262 (4, M +  - SO, - Br) 

410(0.3%,M+ + 2),408(0.3,Mf),344(O.9,M+ - SO,), 
266 (1 6) 

379 (33%, M +  f 2), 377 (33, M + ) ,  298 (30, M +  - Br), 
234 (100, M +  - SO, - Br) 

407 (49%, M +  + 2), 405 (47, M'),  326 (31, M +  - Br), 
262 (59, M +  - SO, - Br), 247 (100, M +  - SO, - 
Br - Me) 

For KBr discs. I' Lit.,'' vmax. 3 255 (NH) and 1 623 cm-' (C=O). ' In the case of (2g), solvent CDC1,-(CD,),SO. In the cases of (2a and b), at 100 
MHz. " Overlapping signal. 



1832 J .  CHEM. SOC. PERKIN TRANS. I 1988 

Table 4. Spectroscopic data for 3-arylthiochromone 1,l -dioxides (3) 

a For KBr discs. No amino proton signal was observed for compound (3g). ' Overlapping signal. 

v,,,, /cm-'" 
3 400 (NH) 
1 670 (C=O) 

1 670 (C=O) 

3 380 (NH) 
1 680 (C=O) 

1665 (C=O) 

1665 (C=O) 

1 640 (C=O) 

3 420 (NH) 
1 670 (C=O) 

1 667 (C=O) 

1 665 (C=O) 

'H N.m.r. (270 MHz; CDCl,)b F (JiHz) 
2.91 (3 H, s), 4 . 1 5 4 . 3 5  (1 H, br), 6.70 (2 H, d, J 9 ) ,  7.50 
(2H,d,J9),7.78(1 H,d t , J land8) ,7 .89(1  H , d t , J l  and 
8), 8.10 (1 H, dd, J 1 and 8), 8.31 (1 H, dd, J 1 and 8) 
1.30 (3 H, t, J 7), 3.23 (2 H, q, J 7), 4.00 (1 H, br s), 6.68 (2 
H, d, J 9 ) ,  7.48 (2 H, d , J9) ,  7.75 (1 H, dt, J 1 and 8), 7.88 
(1 H,dt, J 1  and 8),8.10(1 H , d d , J l  and 8),8.30(1 H,dd, 
J 1 and 8) 
6.04(1 H,brs),7.04-7.15'(1 H,m) ,7 .12 ' (2H,d ,J8) ,  
7.21 (2 H, dd, J 1 and 8), 7.35 (2 H, tt, J 2  and 8), 7.51 (2 
H, d, J9) ,  7.79 ( 1  H, dt, J 1 and 8), 7.89 ( 1  H, dt, J 1 and 
8), 8.11 (1 H, dd, J 1 and 8), 8.31 (1 H, dd, J 1 and 8) 
3.07 (6 H, s), 6.80 (2 H, d, J 9 ) ,  7.57 (2 H, d, J 9 ) ,  7.78 ( 1  
H, dt, J 1 and 9), 7.88 (1 H, d, J 1 and 9), 8.10 (1 H, dd, J 1 
and 8), 8.31 (1 H, dd, J 1 and 8) 
1.23 (6 H, t, J 7), 3.43 (4 H, q, J 7), 4.74 (2 H, dd, J 2 and 
9), 7.56 (2 H, dd, 5 2  and 9), 7.78 (1 H, dt, J 1 and 8), 7.87 
(1 H,dt, J1 and 8), 8.10(1 H,dd ,J  1 and 8),8.30(1 H,dd, 
J 1 and 7) 
1.23 (6 H, t, J 7), 3.45 (4 H, q, J 7), 6.73 (2 H, dd, J 2 and 
7),6.82(1H,s),7.73(1 H,dt,Jland8),7.84'(1 H , d t , J l  
and7),7.87'(2H,dd,J2and7),8.10(1 H , d d , J l a n d 8 ) ,  
8.20 (1 H, dd, J 1 and 8) 
2.19 (3 H, s), 2.97 (3 H, s), 6.71 (1 H, d, J 2 and 8), 7.35 (1 
H, s), 7.48 (1 H, dd, J 2 and 8), 7.78 (1 H, dt, J 1 and 8), 
7.87 ( 1  H, dt, J 1 and 8), 8.10 (1 H, dd, J 1 and 8), 8.30 (1 
H, dd, J 1 and 8) 
2.35 (3 H, s), 3.03 (6 H, s), 6.64'(1 H, s), 6.65'(1 H, dd, J 
2 and 9), 7.26 (1 H, dd, J 2 and 8), 7.78 ( 1  H, dt, J 1 and 8), 
7.89 (1 H, dt, J 1 and 8) 8.12 ( 1  H, dd, J l,8), 8.33 (1 H, dd, 
J 1 and 8) 
1.21 (6H, t , J7) ,2 .33(3H,s) ,3 .40(4H,q ,J7) ,6 .5Sr(1  
H,s),6.60'(1 H,d,J9),7.21(1 H,d,J9),7.79(1 H , d t , J l  
and 8), 7.88 (1 H, dt, J 1 and 8), 8.12 (1 H,dd, J 1 and 8), 
8.33 (1 H, dd, J 1 and 8) 

n7/: (rel. int.) 
379 (lOOO/o, M + + 2 ) ,  377 (93, M ' ) ,  313 (73, M + -  
SO,), 298 (1 2, M +  - Br), 234 ( I  5, M+ - SO, - Br) 

393 (517,;, M +  + 21, 391 (52, M') ,  376 (20, hf+ - Me), 
312 (100, M +  - Me - SO,), 234 (15) 

441 (799;,, M' + 2). 439 (77, A!'), 375 (58, 
M +  - SO,), 360 (17, M f  - Rr), 296 (20. 
M +  - SO, - Br) 

393 (99%, M -  + 2), 391 (99, M ' ) ,  326 (loo), 312 (13, 
Mt - Br), 248 (35, M +  - SO2 - Br) 

421 (5104, M +  + 2). 419 (50. M + ) .  404 (100, 
M +  - Me), 376 (8, M +  - Me -- CO), 340 (44, 
M +  - Me - SO,), 326 (21), 262 (22) 

341 (57",, M')) ,  326 (100, M +  - Me), 262 (76, M +  - 
Me - SO,) 

393 (loo?,, M t  + 2), 391 (100, M + ) ,  327 (70, 
M +  - SO,), 312 (48, M +  - Br), 248 (8, 
M+ - SO, - Br) 

407 (SOY;, M' + 2), 405 (77, M + ) ,  341 (17, 
M +  - SO,), 326 (12, M +  - Br), 262 (82, 
M +  - SO, - Br), 234 (100, M +  - SO, - Br - CO) 

435 (67%, Mf  + 2), 433 (61, M+), 418 (94, Mf  - Me), 
354 (78, M' - SO, - Me), 340 (48), 276 (26) 

Table 5. 3-Substituted thiochromone l-oxides (5) and 1,l -dioxides (6) 

' Decomposed. 

Recryst. 
Yield (%) solvent 

41 EtOH 

50 C6H6 

5 CHCl, 

46 EtOH 

75 EtOH 

75 EtOH 

2 C6H6 

M.p. ("C) 
225 

194" 

> 300 

2 18-219 

239-240 

> 300 

199-200 

I 

Found (7:) (Required) 

C H N 
66.8 4.0 5.0 

(66.9) (4.1) (5.2) 
67.7 4.4 5.0 

(67.8) ( 4.6) (4.9) 
57.0 2.35 8.85 

(57.3) (3.2) (8.9) 
63.0 3.7 5.0 

(63.15) (3.9) (5.9) 
64.1 4.15 4.5 

(64.2) (4.4) (4.7) 
54.3 2.8 8.4 

(54.5) (3 .05) (8.5) 
51.6 3.2 6.7 

(51.7) (3.4) (6.7) 

A 
3 

Experimental as solvent and reference (77.0 p.p.m.). Mass spectra were 
M.p.s were determined for samples in open capillary tubes with obtained with a Shimadzu LKB-9000 spectrometer operating at 
a Yamato MD-21 apparatus. 'H N.m.r. spectra were recorded 70-eV. 1.r. spectra were recorded with a Shimadzu IR-420 
with a JEOL JNM-MH-100 (100 MHz) spectrometer and a spectrometer for KBr discs. Elemental analyses were recorded 
JEOL JNM-GX270 FT (270 MHz) spectrometer, with Me,Si with a Yanaco CHN CORDER MT-3. 
as internal standard. I3C N.m.r. spectra were recorded with a 
JEOL JNM-GX270 FT (67 MHz) spectrometer, with CDC1, Matc~ri~ls.-2,3-Dibromothiochromone 1.1-dioxide (l),* 3- 
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Scheme 2. Re.rigents mid conditions: i, 17-RC,H,NH,, EtOH, reflux; ii, 30% H,O,, AcOH, 55 "C; iii, PhNMe,, EtOH, reflux; iv. NaN,, MeOH- 
H 2 0 .  65 "C 

0 

' NEt 
0 0 

(101 (11 1 

Bromothiochromanone 1,l -dioxide (4),' and 2-anilino-3- 
bromothiochromone 1,l -dioxide (2c)' were prepared by the 
methods reported. 

A fkj~fuminution of 2,3-Dibromothiochromone 1,l-Dioxide 
(I).-The alkylamine (1.8 mmol) was added to a stirred sus- 
pension of 2,3-dibromothiochromone 1,l-dioxide (1) (300 mg, 
0.9 mmol) in ethanol (10 ml) at - 20 "C. The mixture was stirred 
for 8 h and allowed to warm from -20 to 25 "C. It was then 
filtered to remove starting material (1). The filtrate was con- 
centrated to one-third of its original volume under reduced 
pressure. The resulting precipitate was filtered off and imme- 
diately dried at room temperature in oacuo to give the 2-afkyf- 
umino product (2). As the product was unstable, all analytical 
and spectral data were measured without recrystallization 
(Tables 1 and 2). 

Reactions of' 2,3-Dibromothiochromone 1,l-Dioxide (1) with 
Aromutic Amine3.- A mixture of 2,3-dibromothiochromone 
1,l-dioxide (1) (300 mg, 0.9 mmol), a primary aromatic amine 
(2 mmol), and ethanol (15 ml) was stirred at the temperature 
given in Table 1 for 0.5-9 h. After cooling at 0 OC, the resulting 
precipitate was filtered off and recrystallized to give the 2- 
uryfamino compound (2). In the reactions of (1) with secondary 
or tertiary aromatic amines, the reaction mixture was first 
filtered to remove starting material (1). The filtrate was poured 
into cold water and acidified with hydrochloric acid. The crude 
precipitate was chromatographed on silica gel (benzene- 
acetone as eluant) to give the purified 2-aryfamino or 2-aryf 
compounds (2) or (3). Many by-products were observed on t.1.c. 
but they could not be isolated. Further details are given in Table 
1. Tables 1, 3, and 4 contain analytical and spectroscopic data 
for compounds (2c-i) and (3a-i). 3C N.m.r. spectral data are 
as follows. 

( 4 )  

Scheme 3. Reagents and conditions: i, o-H,NC,H,SH, EtOH, reflux; ii, 
DDQ, dry dioxane, reflux; iii, o-H,NC,H,OH, EtOH, reflux 

2,3-Dibromothiochromone 1, l-dioxide (1): 6, 124.8, 130.4, 
133.8, 134.7, 135.1, 139.6, 141.7, and 170.8. 

2-Anilino-3-bromothiochromone 1,l-dioxide (2c): 6, 104.5, 
122.9, 125.8, 125.9, 127.6, 127.8, 129.0, 129.3, 133.6, 133.7, 136.3, 
138.7, 151.3, and 172.3. 
2-(4-Dimethylaminophenyl)-3-bromothiochromone 1,l-di- 

oxide(3d): 6,40.1, 111.5, 115.3, 124.0, 127.2, 128.9, 129.6, 131.3, 
133.2, 134.7, 140.8, 152.0, 153.9, and 173.4. 

Acyfation of 2-Anifino-3-bromothiochromone 1,l-Dioxide 
(2c).-To a stirred suspension of 2-anilino-3-bromothiochrom- 
one 1,l-dioxide (2c) (206 mg, 0.6 mmol) in acetic anhydride (20 
ml), concentrated sulphuric acid was added at &5 "C until (2c) 
had dissolved. The mixture was stirred for 1 h at 0 - 5  "C and 
carefully poured into ice-water. The precipitate was filtered 
off and recrystallized to give 2-(N-acetyfamino)-3-bromothio- 
chromone 1,l-dioxide (23 as yellow crystals (172 mg, 7573,  m.p. 
139-141 "C (from ethanol) (Found: C, 50.15; H, 3.1; N, 3.6. 
C,,H,,BrNO,S requires C, 50.3; H, 3.0; N, 3.45%); v,,,.(KBr) 
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Table 6. Spectroscopic data for 3-substituted thiochromone l-oxides (5) and 1,l-dioxides (6) 

v,,,,/cm-' a 

1 645 (C=O) 

1 670 (C=O) 

1 640 (C=O) 

3 225 (NH) 
1 655 (3=0) 

3 225 (NH) 
1 650 (C=O) 

3 225 (NH) 
1 660 (C=O) 
3450 (NH) 
3 340 (NH) 
1680 (C=O) 

'H N.m.r. (270 MHz; CDC13)b 6 (J/Hz) 
7.22-7.26 (3 H, m), 7.44 (2 H, t, J 8), 7.71 (1 H, dt, J 1 and 8), 
7.79 (1 H, dd, J 1 and 8), 7.95 (1 H, dd, J 1 and 7), 8.02 (1 H, dd, J 1 
and 7), 8.24 (1 H, d, J 13), 11.57 (1 H, br d) 
2.37(3H,s),7.12(2H,d,J8),7.24'(2H,d,J9),7.26*(1 H,brs),  
7 .69(1H,dt , J land7) ,7 .77(1H,dt , J Iand7) ,7 .93(1H,dd ,J l  
and 8), 8.00 (1 H, dd, J 1 and 8), 8.19 (1 H, d, J 13) 
7.76 (1 H, d, J9),  7.84 (2 H, d, J 9 ) ,  7.93 (1 H, t, J6) ,  8.16 (1 H, t, J 
6), 8.28 (2 H, dd, J 3  and 9), 8.53 ( I  H, d, J 14), 8.98 (1 H, d, J 13), 
11.60 (1 H, br d, J 12) 
7.23-7.31 (3 H, m), 7.46 (3 H, dt, J 2  and 7), 7.75' (1 H, dt, J 2 
and7),7.82'(lH,dt,J2and8),7.92(1 H , d d , J l a n d 8 ) , 7 . 9 8 ( 1  
H, dd, J 1 and X), 8.20 (1 H, d, J 13) 
2.38 (3 H, s), 7.13 (2 H, J 8), 7.25 (2 H, d, J 8), 7.26 (1 H, br s), 
7.74'(1 H,dt,Jland8),7.80'(1 H,d t , J land8)7 .91(1  H , d d , J I  
and S), 7.97 (1 H, dd, J 1 and 8), 8.16 (1 H, d, J 14) 
7.83-8.1 1 (5 H, m), 8.29 (3 H, dd, J 2 and S), 8.94 ( 1  H, d, J 13), 
11.56 (1 H, br s, J 13) 
4.90 (2 H, br s), 6.20 (1 H, s), 7.72 (1 H, dt, J 1 and 8), 7.86 (1 H, 
dt, J 1 and 8), 8.05 (1 H, dd, J 1 and 8), 8.24 (1 H, td, J 2  and 8) 

m/z (rel. int.) 
269 (52"/, M + ) ,  253 (100, M +  - 0) 

283 (37%, M C ) ,  267 (100, M +  - 0) 

314 (1 1%, M + ) ,  298 (100, M +  - 0) 

285 (loo%, M'),  220 (76, M +  - SO,H) 

299 (loo%, M'), 234 (44, M +  - SO,H) 

330 (41%, M') ,  300 (IOO), 219 (39) 

209 (SIX, M + ) ,  180 (loo), 145 (27, M +  - SO,) 

a For KBr discs. Compounds (5c) and (6c) in (CD,),SO. ' Overlapping signal. 

1705 (C=O) and 1670 (C=O); 6,(270 MHz; CDCI,) 2.15 
(3 H, s), 7.28-7.70 ( 5  H, m), 7.72-7.94 (2 H, m), 8.00 (1  H, dd, 
J 1 and 8 Hz), and 8.28 (1 H, dd, J 1 and 8 Hz); m/z 407 (0.6%, 
M +  + 2), 405 (0.6, W ) ,  363 (22), 326 (2, M +  - Br), 262 (2, 
M +  - Br - SO,), and 220 (100). 

General Procedure f o r  the Preparation of 3-Arylaminothio- 
chromone 1 -Oxides (5).-A mixture of 3-bromothiochromanone 
1,l-dioxide (4) (300 mg, 1.1 mmol), aromatic amine (2.2 mmol), 
and ethanol (7 ml) was refluxed for 2-24 h. The solvent was 
removed under reduced pressure and the residue was chromato- 
graphed on silica gel (benzene-acetone as eluant) to give the 
purified product (5). Analytical and spectroscopic data for the 
compounds (5a-c) are given in Tables 5 and 6. 

Oxidation of 3-Arylaminothiochromone 1 -Oxides (5).-To a 
stirred suspension of 3-arylaminothiochromone l-oxide (5 )  (0.2 
mmol) in acetic acid (2 ml), 30% hydrogen peroxide (0.1 ml) was 
added dropwise at room temperature. The mixture was stirred 
for 2 h at 55 OC, cooled, and poured into water. The precipitate 
was filtered off and recrystallized to give thesulphone (6) (Tables 5 
and 6). 

3-Aminothiochromone 1,l-Dioxide (6d).-A solution of 
sodium azide (183 mg, 2.8 mmol) in methanol-water (50%; 2 ml) 
was added to a solution of 3-bromothiochromanone 1,l -dioxide 
(4) (193 mg, 0.7 mmol) in methanol (3 ml). The mixture was 
heated at 65°C for 3.5 h and concentrated under reduced 
pressure. The precipitate was filtered off and extracted with 
chloroform. Recrystallization gave compound (6d) as yellow 
crystals (3 mg, 2%) (Tables 5 and 6). 

3-(2-Hydroxyanilino)thiochromone 1 -Oxide (6e).-A mixture 
of 3-bromothiochromanone 1,l-dioxide (4) (200 mg, 0.7 mmol), 
o-aminophenol (80 mg, 0.7 mmol), and ethanol (6 ml) was 
refluxed for 2 h and filtered to remove starting material (4). The 
filtrate was poured into water and the resulting precipitate was 
chromatographed on silica gel [benzene-acetone ( 5  : l)] and 
recrystallized to give compound (6e) as yellow crystals (33 mg, 
21%); m.p. 247 "C (decomp.) (from ethanol) (Found: C, 62.8; 
H, 3.8; N, 4.8. Cl5Hl,NO3S requires C, 63.15; H, 3.9; N, 4.9%); 
v,,,.(KBr) 3 356 (OH) and 1 640 cm-' (C=O); 6, 6.87-6.94 
(lH,m),7.00-7.04(2H,m),7.30(1H,d,Jl0Hz),7.70(1 H,dt, 

J 1 and 7 Hz), 7.77 ( 1  H, dt, J 1 and 8 Hz), 7.91 (1 H, dd, J 1 and 
7 Hz), 7.99 ( 1  H, dd, J 1 and 7 Hz), 8.37 (1 H, d, J 13 Hz), 9.90 
(1 H, br s), and 11.87 (1 H, br d, J 13 Hz); m/z 285 (13%, M + )  
and 269 (100, M +  - 0). 

3-(4- Dimet/iyluminophenq~/) thiochromanone 1,1 -Dioxide 
(7).-A mixture of 3-bromothiochromanone 1,l -dioxide (4) 
(299 mg, 1.1 mmol), N,N-dimethylaniline (273 mg, 2.3 mmol), 
and ethanol ( 5  ml) was refluxed for 8 h. The solvent was 
removed under reduced pressure and the residue was chromato- 
graphed on silica gel [benzene-acetone ( 5  : l)] and recrystal- 
lized to give compound (7) as a mixture of stereoisomers which 
could not be separated (90 mg, 26%), m.p. 198-200 "C (from 
benzene) (Found: C, 64.6; H, 5.4; N, 4.1. C ,H ,NO,S requires 
C, 64.7; H, 5.4; N, 4.473; v,,,.(KBr) 1 685 cm-' (C=O); 6,(270 
MHz; CDCI,) 2.99 (6 H, s), 3.40 (1 H, dd, J 3 and 18 Hz), 3.36- 
3.99(1 H,m),4.79 ( 1  H,dd, J 3  and 12Hz),6.76(2 H,dd, J 2 a n d  
7 Hz), 7.32 (2 H, dd, J 2 and 7 Hz), 7.75 ( 1  H, dt, J 1 and 8 Hz), 
7.83 ( 1  H, dt, J 1 and 8 Hz), 8.09 (1  H, dt, J 1 and 8 Hz), and 8.18 
(1 H, dt, J 1 and 8 Hz); m/z 315 (23%, M + )  and 251 (100, 
M +  - SO,). 

2H,8H-[ 13 Benzothiopyrano[3,4-b][4,l]benzothiazine 7,7- 
Dioxide @).-A mixture of 3-bromothiochromanone 1,l- 
dioxide (4) (202 mg, 0.7 mmol), o-aminobenzenethiol(184 mg, 1.5 
mmol), and ethanol ( 5  ml) was refluxed for 2 h and poured into 
water. The precipitate was filtered off and recrystallized to give 
the ring-closure product (8) as orange crystals (158 mg, 71%), 
m.p. 222 OC (decomp.) (from ethanol (Found: C, 59.9; H, 3.35; 
N, 4.6. C1,H,,N0,S2 requires C, 59.8; H, 3.7; N, 4.65%); 
v,,,,(KBr) 3 360 cm-' (NH); 6,(270 MHz; CD,COCD,) 2.82 
( 1  H,d, J9Hz),4.07(2 H,s),6.90-7.11 (4H,m),7.65 ( 1  H,dt, J 
land8Hz),7.80(1 H , d t , J l a n d 8 H z ) , 7 . 9 0 ( 1 H , d d , J l a n d 8  
Hz), and 7.96 (1 H, dd, J 1 and 8 Hz); m/z 301 (19%, M + ) ,  267 
(lo), and 236 (100). 

[l]Benzothiopyrano[3,4-b][4,l]benzothiazine 7,7-Dioxide 
(9).-To a stirred solution of 2H,8H-[ l]benzothiopyrano[3,4- 
b][4,l]benzothiazine 7,7-dioxide (8) (103 mg, 0.3 mmol) in dry 
dioxane (3 ml) at 50-60 OC, 2,3-dichloro-5,6-dicyano-p-benzo- 
quinone (95 mg, 0.4 mmol) was added. After the reaction 
mixture had been refluxed for 1 h, the solvent was removed 
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under reduced pressure and the residue was chromatographed 
on silica gel [benzene-acetone (3 : l)]. Recrystallization gave 
con1pouncl(9) as orange crystals (63 mg, 61%), m.p. 238-239 "C 
(from benzene) (Found: C, 60.2; H, 2.85; N, 4.5. C,,H,NO,S, 
requires C ,  60.2; H, 3.0; N, 4.7%); v,,,, 1 620 cm-' (C=N); 6,(270 
MHz;CDC1,)6.83(1 H,s),7.29-7.44(3 H,m),7.72-7.82(3 H, 
m), 8.10 ( I  H, dd, J 1 and 7 Hz), and 8.75 (1 H, dd, J 2  and 7 Hz); 
m/z 299 ( l O O ~ o ,  M') ,  254 (33), 242 (16), and 236 (20). 

Reduction Potential Measurements.-The reduction poten- 
tials were obtained by cyclic voltammetry with a Yanagimoto 
VMA-010 potentiostat analyser and a model WX-1000 X-Y 
recorder. The cyclic voltammetric measurements were carried 
out  in acetonitrile at room temperature by use of a platinum 
wire auxiliary electrode, a glassy carbon working electrode, an 
Ag/AgC1 reference electrode, and tetrabutylammonium per- 
chlorate as supporting electrolyte. The scan rate was 100 mV 
s-'. The concentrations of samples were 5 x lop4 mol 1-'. 

Acknowledgements 
This work was partially supported by a Grant-in-Aid for 
Developmental Scientific Research from the Ministry of 
Education, Japan. 

References 
1 M. H. Holshouser, L. T. Loeffler, and I. H .  Hall, J.  Med. Chem., 1981, 

24, 853. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
12 

13 

14 
15 

I. Hirao, M. Yamaguchi, T. Terada, and H. Hasebe, Bull. Chem. Soc. 
Jpn., 1985, 58, 2203. 
K. S. Klimenko, K. L. Kulikova, I. T. Tyrina, G. V. Vharchenko, and 
G. V. Khim, Farm. Zh., 1982, 16, 1318. 
H. Nakazumi, T. Ueyama, T. Endo, and T. Kitao, Bull. Chem. SOC. 
Jpn., 1983, 56, 1251. 
H. Nakazumi, T. Ueyama, T. Endo, and T. Kitao. Bull. Chem. Sue. 
Jpn., 1984, 57, 2323. 
H. Nakazumi, T. Ueyama, and T. Kitao, J.  Heterocycl. Chem., 1984, 
22, 193. 
H. Nakazumi, T. Endo, T. Nakaue, and T. Kitao, J .  Heterocycl. 
Chem., 1985, 22, 89. 
H. Nakazumi, T. Endo, H. Sonoda, and T. Kitao, J .  Heterocycl. 
Chem., 1985, 22, 821. 
H. Nakazumi, T. Ueyama, and T. Kitao, J. Hete,oc:id. Chem., 1985, 
22, 1593. 
M. Itoh, S. Esho, K. Nakagawa, and M. Matsuoka, 'Optical Storage 
Media, SPIE-420,' eds. A. E. Bell and A. A. Jamberdino, The 
International Society for Optical Engineering, Washington, 1983, p. 
327. 
M. G.  Pellatt, Mol. Cryst. Liq. Cryst., 1980, 59, 299. 
C. H. Chen, G. A. Reynolds, H. R. Luss, and J. H. Perlstein, J .  Org. 
Chem., 1986, 51, 3282. 
R. M. Christie, C. A. Shand, R. H. Thomson, and C. W .  Greenhalgh, 
J.  Chem. Res., 1980, ( S ) ,  8; ( M ) ,  139. 
J. A. Van Allan and G. A. Reynolds, J .  Org. Chmi., 1963, 28, 1019. 
D. Bucklev, S. Dunstan, and H .  B. Henbest, J. Chem. Soc., 1957,4880. 

16 K. Y. Chu-and J .  Griffiths, J.  Chem. Soc., Perkin Truns. I ,  1978, 1083. 
17 T. Nambara, Yakugaku Zasshi, 1958, 78, 624. 

Received 20th August 1987; Puper 711 536 




