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It is shown that 2 ,4-b is (d ia lkylamino)benzoth iazole-6 ,7-quinones  a re  fo rmed  by the oxida- 
tion of 6-hydroxybenzothiazole  in the p r e s e n c e  of a Cu2+-secondary  amine complex.  The 
m e c h a n i s m  of the fo rmat ion  of the compounds obtained is d iscussed.  

We recen t ly  desc r ibed  the oxidation of 6-hydroxybenzothiazole  (I) by oxygen in the p r e s e n c e  of a Cu 2+- 
secondary  amine complex resu l t ing  in quinones which contain two secondary  amine res idues  [1]. The r e a c -  
tion p roceeds  with the absorpt ion of 2 moles  of oxygen. Structure  II was ass igned to the compounds obtained. 
In this communica t ion  we p r e s e n t  the proof  of the s t ruc tu re  of these  compounds and d i scuss  the mechan i sm 
of the i r  format ion.  

The oxidation o f b e n z o h e t e r o c y c l e s  with a hydroxy group in the benzene r ing (5-hydroxybenzofurans 
[2], 2 - a ry l -6 -hyd roxybenzo th i azo l e s  [3], and 6-hydroxyquinol ines [4]) leads  to d ia lkylamino-o-quinones .  In 
accordance  with the a s sumed  s tepwise  t rend of the reac t ion  [4, 5], 1.5 mole  of oxygen is consumed,  and the 
he te rocyc l i c  por t ion of the molecule  does  not undergo changes.  Amination occurs  via  1,4-addition of secon-  
da ry  amine to the in te rmedia te  o-quinone and subsequent  oxidation. 

Judging f rom these  resu l t s ,  in the oxidation of I one should expect  the fo rmat ion  of quinones which 
contain one d ia lkylamino group in the benzene ring. 
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However,  e l e m e n t a r y  analys is  indicated that  I I a -c  contain two secondary  amine res idues .  The s t rong ab- 
sorpt ion at 1600-1700 cm - t  (Table 1) indicates  the p r e s e n c e  of carbonyl  groups,  while the o-quinoid s t r u c -  
ture  is conf i rmed by the fo rmat ion  of phenazines  IVa-c  on reac t ion  with o-phenylenediamine.  

+ See [13] for  communicat ion  XI. 
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Fig. 1. Dependence of the ra te  
of oxygen absorpt ion on t ime  in 
the oxidation d I and I l ia  (10 
mmole  of compound, 40 mmole  
of piper idine,  0.3 m m o l e  d cup- 
r ic  acetate ,  and 10 ml  of methanol) .  

Determinat ion of the mo lecu l a r  weight of one of the quinones 
(IIa) indicated that  the compound is monomer i e .  The UV spec -  
t r a  of quinones I I a -c  contain th ree  m a x i m a  (Table 1), which 
is cha rac t e r i s t i c  for  b icycl ic  quinones [6, 7]. In addition to 
the s ignals  of the piper idine  protons ,  the PMR spec t rum of 
IIa contains the sharp  s inglet  of a vinyl proton at 5.50 ppm. 
The PMR spec t rum of quinone VII, obtained under  s im i l a r  
conditions, shows the signal of a vinyl pro ton  at 5.70 p p m .  
These  chemical  shifts  a re  c lose  to the cor responding  values  
for  the vinyl proton of naphthoquinones [8]. The C 2 proton of 
benzothiazole  (6 8.9-9.6 ppm [9]) is absent  in the spec t rum 
of IIa. 

Like other d ia lkylamino-o-quinones  [2-4], I I a -e  a re  
hydrolyzed by the action of dilute alkal i  under mild  conditions 
with cleavage of one mole  of secondary  amine to fo rm hydroxy-  
quinones Va, b. The la t te r ,  as vinylogs of carboxyl ic  acids,  
d isplay acidic p r o p e r t i e s  and d isso lve  in sodium carbonate  
and sodium bicarbonate  solutions.  Brominat ion  and the Mannich 
reac t ion  for  quinones Va and Vb p roceed  with substi tution of 
the hydrogen at C 5 and lead to the cor responding  de r iva t ives  
VIa-c.  

All of the desc r ibed  p r o p e r t i e s  a re  read i ly  explained if 
one cons iders  I I a -c  to be  2 ,4-bis (d ia lkylamino)benzothiazole-  
6,7-quinones.  The definitive confirmat ion of the s t ruc tu re  of 
the quinones was the synthes is  of IIa  b y  means  of oxidation of 
2 -p iper id ino-6-hydroxybenzoth iazo le  (I1D in the p r e s e n c e  of 
piper idine  and cupric  aceta te .  The react ion  p roceeds  with 
the absorpt ion of 1.5 mole  of oxygen and leads  to a substance  
which is identical to the product  of oxidation of 6 -hydroxy-  
benzothiazole  under these  conditions. 

Quinones I I a - c  a re  dark-brown,  c rys ta l l ine  subs tances ;  
the i r  in teres t ing  fea ture  is the i r  abil i ty to give solutions of 
di f ferent  color ,  depending on the solvent  polar i ty .  

Amination in the 2-posi t ion,  which occurs  on oxidation 
of 6-hydroxybenzothiazole ,  can be explained by  the d e c r e a s e  
in the e lec t ron  densi ty  on the p - c a r b o n  a tom of benzothiazole  
as a r e su l t  of the e lec t ron-accep t ing  effect  of the two carbonyl  
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TABLE 2. Phenazines IV 

Compound 

IVa 
IVb 
IVc 

mp Empirical formula 

170--171 C~3H~NsS 
187--189 C~IH21NsO2S 
167--168 CITHITN3S 

found 

17,5 
16,9, 
21,8 

N, % 
calculated 

17,3 
17,1 
21,6 

Yield, 
% 

68 
51 
64 

g r o u p s  in quinone  IL The r e a c t i o n  a p p a r e n t l y  p r o c e e d s  as  1 ,2 -  (or 1 ,6-)  addi t ion ,  which l e a d s  to the  f o r m a -  
t ion  of the  c o r r e s p o n d i n g  b e n z o t h i a z o l i n e .  B e n z o t h i a z o l i n e s  a r e  r e a d i l y  ox id i zed  to b e n z o t h i a z o l e s  [10], 
which  i n v o l v e s  the  c o n s u m p t i o n  of y e t  a n o t h e r  0.5 m o l e  of oxygen;  th i s  e x p l a i n s  the  c o n s u m p t i o n  of 2 m o l e s  
o f  oxygen  in the  ox ida t ion  of I (Fig.  1). 

E X P E R I M E N T  AL 

The IR spectra of mineral oii pastes were obtained with an IKS-14a spectrophotometer. The UV spec- 
tra of alcohol solutions were obtained with an SF-4A spectrometer. The PMR spectra were obtained with a 
JNM-4H-100 spectrometer with an operating frequency of i00 MHz with CDCI 3 as the solvent and hexamethyl- 
disiloxane as the internal standard. The molecular weight was determined by isothermal distillation in eth- 
anol with azobenzene as the standard. Thin-layer chromatography was carried out on plates with a fixed 
layer (Table I)o 

6-Hydroxybenzothiazole 0).. A solution of I0.0 g of 6-methoxybenzothiazole [II] in 120 ml of 47~ HBr 
was refluxed for 6 h. The crystals that precipitated on cooling were separated, dissolved in i00 ml of water; 
and a solution of 20 g of sodium acetate in 30 ml of water was added. The resulting precipitate was filtered, 
washed with water, and recrystallized from alcohol to give 9.05 g (99~ of colorless crystals that were quite 
soluble in acetone and dioxane, moderately soluble in alcohol; insoluble in petroleum ether and water; and 
had mp 189.5-190 deg. Found 70: C 55.5; H 3.2; N 9.1; S 21.5. CTHsNOS. Calc 70: C 55.6; H 3.3; N 9.2; S 21.2. 

Oxidation of 6-Hydroxybenzothiazole.. Compound I (i0 mmole) was oxidized in the presence of piperi- 
dine, morpholine, or dimethylamine; and the reaction mixture was worked up as described in [I]. A total 
of 455-470 ml of 02 was absorbed. Quinones IIIa-e are crystalline, dark-brown substances which are quite 
soluble in chloroform, methylene chloride, and aeetone; moderately soluble in alcohols, dioxane, and ben- 
zene; and insoluble in petroleum ether, ether, and water. The results obtained are presented in Table I. 

2_Piperidino-6-methoxybenzothiazole. A mixture of 6.0 g (30 mmole) of 2-chloro-6-methoxybenzo- 
thiazole [12] and 15 ml (150 mmole) of piperidine was heated at 120 deg for 4 h; I00 ml of 570 NaOH was 
added to the reaction mass; and the resulting precipitate was separated, washed with water, dried, and 
recrystallized from petroleum ether to give 4.8 g (7170) of a product with mp 69-70 deg. Found 70: C 62.9; 
H 6.4; N Ii.I; S 13.1. C13HI6N2OS. Calo. %: C 62.8; H 6.4; N 11.2; S 12.9. 

2?Piperidino-6-hydroxybenzothiazole (IIIa). A solution of 2.5 g of 2-piperidino-6-methoxybenzothi- 
azole in 30 ml of 4770 HBr was refluxed for 5 h, neutralized with 1070 NaOH; and the resulting precipitate 
was separated, washed with water, dried, and recrystallized from acetone to give 1.96 g (83~0) of a product 
with mp 223-225 deg. Found 70: C 61.6; H 6.3; N 12.3; S 13.5. CI2HI4N2OS. Calo. 70: C 61.5; H 6.0; N 11.9; 
S 13.6. 

Oxidation of Ilia. Compound Ilia [2.36 g (i0 mmole)] was oxidized in the presence of 4 ml (40 mmole) 
of piperidine, and the reaction mixture was worked up according to the method in [I]. After 2.5 h, 340 ml of 
02 was absorbed (Fig. i). The yield of IIa with mp 169.5-170 deg (dec., from dioxane) was 2.1 g (63.6~ 
The compound was identical to that obtained by oxidation of 6-hydroxybenzothiazole in the presence of piperi- 
dine (IR and UV spectra and Rf value). 

Phenazines IV. Anhydrous sodium sulfate (10 g) was added to a solution of I0 mmole of II and 1.2 g 
(ii mmole) of o-phenylenediamine in 70 ml of dry chloroform, and the mixture was allowed to stand at 18- 
20 deg for 8-10 days. The sodium sulfate was separated, the chloroform was removed by vacuum distilla- 
tion, and the residue was recrystallized from aqueous acetone and then from alcohol. The results are pre- 
sented in Table 2. All of the phenazines were yellow. 

2-Piperidino-6-hydroxybenzothiazole-4,7-quinone (Va). Compound IIa [3.31 g (I0 mmole)] was added 
to a solution of 4.0 g (i00 mmole) of sodium hydroxide in I00 ml of 5070 alcohol, and the mixture was stirred 
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at 18-20 deg for  4 h. The sal t  of quinone Va was f i l tered,  dissolved in 100 ml of water;  and the dark  solu- 
tion was acidified to pH 5.5-6 with 0.1 N HC1. The resul t ing precipi ta te  was separated;  washed with water;  
and purif ied by convers ion to the sodium sal t  and l iberat ion by acidification to give 2.11 g (80~0) of dark-  
violet  c rys ta l s  with mp 185-186 deg (dec.) which were quite soluble in alcohol, benzene, dioxane, acetone, 
and chloroform,  and sl ightly soluble in water.  Found %: C 54.3; H 4.5; N 10.3; S 12.8. C12HI2N203S. Calc. 
%: C 54.5; H 4.5; N 10.5; S 12.1. 

2-Morphol ino-6-hydroxybenzothiazole-4 ,7-quinone (Vb):. This was s imi la r ly  obtained in 84% yield by 
saponification of I]b and was obtained as dark-brown crys ta ls  which were  quite soluble in alcohol, dioxane, 
acetone, and chloroform;  slightly soluble in benzene;  and insoluble in water  and had mp 241-242 deg (dec.). 
Found %: C 49.2; H 3.6; N 10.0; S 11.6. CllHIoN204S. Calc. %: C 49.6; H 3.7; N 10.5; S 12.0. 

2 -P iper id ino-5-bromo-6-hydroxybenzoth iazo le -4 ,7-qu inone  (Via). A solution of 0.11 ml (2.1 mmole) 
of bromine  in 5 ml of acet ic  acid was added to a solution of 0.52 g (2 mmole) of Va and 10 ml of acet ic  acid, 
and the mixture  was s t i r r ed  at 18-20 deg for  5 h. It was then diluted with 50 ml of water;  and the resul t ing 
precipi ta te  was separated,  washed with water ,  dried,  and rec rys ta l l i zed  f rom alcohol to give 0.48 g (69.5%) 
of brown c rys ta l s  which were  slightly soluble in most  organic solvents,  insoluble in water,  and had mp 360 
deg. Found %: Br  23.6. CI2HtlBrN203S. Calc. %: Br  23.2. 

2-Morphol ino-5-bromo-6-hydroxybenzoth iazole-4 ,7-quinone  (VIb). This was s imi la r ly  obtained by 
brominat ion of Vb in 58% yield in the form of brown crys ta l s  melt ing above 360 deg (from alcohol). Found 
%: Br  23.58. CIIH~BrN204S. Calc. %: Br  23.15% 

2-Piper id ino-5-p iper id inomethyl -6-hydroxybenzoth iazo!e-4 ,7-quinone  (VIc). A solution of 2.46 g (10 
mmole) of Va, 1.1 ml (I1 mmole) of piperidine,  and 1 ml of formal in  in 15 ml of alcohol was s t i r r ed  for  4 h 
at 18-20 deg; 15 ml of water  was added; and the resul t ing precipi ta te  was separated,  washed with water ,  and 
dr ied to give 1.7 g (470/o) of a dark-brown substance with mp 232 deg (dec., f rom alcohol) which was quite 
soluble in chloroform;  slightly soluble in alcohols,  dioxane, ethyl acetate,  acetone, benzene, and ether ;  and 
insoluble in water  and pe t ro leum ether .  Found %: N 11.8; S 9.21. CIsH22N303S. Calc. %: N 11.6; S 8.8. 
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