
and the mixture was s t i r red  Ior 2 h. The precipi tate  was removed by fil tration and recrys ta l l i zed  f rom formic 
acid to give 1..25 g (80%) of chloride Zig, which, with respect  to its electronic spect rum,  was identical to the 
chloride obtained by the first  method. 

2 ,2 ' -Dithiobis[6-(4-chlorophenylamino)benzo-l ,2 ,3-di thiazol iun]  Chloride (Ij). A) A 10-mmole sample 
of lb was added to 12 mmole of dimethylamine (diethylamine) acetate in 10 ml of DMA, and the mixture was 
s t i r red  lbr 24 h. The precipitate was removed by fil tration and crysta l l ized from formic acid to give 2.9 g of 
chloride ij. Compound Iij was s imi lar ly  obtained f rom salt IIb. 

B) A 2.2-g (10 mmole) sample of salt  Id was added to 1.6 g (5 mmole) of 2,2 '-di thiobis(4-chloroanil ine) 
in 10 ml ot acetic acid, and the mixture was s t i r red  for 48 h. The precipitate was removed by filtration and 
reerys ta l l ized  from formic acid to give 2.5 g of chloride Ij. Compound IIj was s imi la r ly  obtained f rom salt IId. 
The compounds obtained by methods A and B were identified from their  e lectronic spectra .  
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Q U I N O N E I M I N E S  AND Q U I N O N E D I I M I N E S  

O F  T H E  D I B E N Z O [ c e ] [ 1 , 2 ] T H I A Z I N E  5 , 5 - D I O X I D E  S E R I E S  

K. S. B u r m i s t r o v ,  S. I .  B u r m i s t r o v ,  
a n d  M. S. M a l i n o v s k i i  

UDC 547.88:541.134.5 

9(H)-Oxodibenzo[ce][1,2]thiazine 5,5-dioxide and its 9(H)-phenylsulfonylimino-substituted 
derivative were synthesized. It is shown that the direct  bond between the quinoid ring and 
the substituent attached to nitrogen leads to a decrease  in the redox potential of the sys tem 
and a simultaneous increase  in the electrophil ic  proper t ies  of the quinoneimine. 

In order  to determine the factors that affect the redox potentials of quinoneimines we synthesized hetero-  
cycl ic  quinoneimines of the dibenzo[ce][1,2]thiazine 5,5-dioxide (VIII) se r ies ,  in which a direct  bond between 
the substituent attached to the nitrogen atom and the quinoid ring is realized. The synthesized compounds a re  
of interest  in connection with the possibil i ty of the use of the high react ivi t ies  of quinoneimines for the synthe- 
sis of bioiogically active compounds [1]. 

The s tar t ing 9-R- dibenzo[ce][1,2]thiazine 5,5-dioxides (IV) were synthesized by cycl izat ion of 2-amino-  
phenylsulfonyl(4-R-anil ides) by the U l l m a n n - G r o s s  method [2] via the following scheme:  

NO:~ NH, 

la 9 b II a ,  b 

. / 

I l i a  I b Iva-c 

I - IV  a R-..OCII:~; b R=NI ISO C~,tl:,; I y C  R =011 

Dnepropetrovsk State Universi ty,  Dnepropetrovsk 320625. Dnepropetrovsk Chemical-Technological  Insti-  
tute, Dnepropetrovsk 320640. Translated f rom Khimiya Geterotsiklicheskikh Soedinenii, No. 11, pp. 1503-1506, 
November,  1977. Original ar t ic le  submitted December  2, 1976. 
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9-Hydroxydibenzo[ce][1,2]thiazine 5,5-dioxide (IVc) was obtained by demethylation of methoxy derivative 
IVa. 9-Phenylsulfamido-subst i tu ted IVb was also prepared  f rom unsubstituted dibenzo[ce][1,2]thiazine 5,5- 
dioxide (V). The compound obtained through nitro product VI was found to be identical to the compound syn-  
thesized f rom phenylsulfonyl-4-aminoanil ide via the scheme presented above. This method was used to prove 
that the nitration of V takes place in the 9 position, i.e., in the para  position relat ive to the imino group. 

NO 2 

S~O 2 NH SO 2 NIt SO~ NIl 

V v l  VII 

Quinoneimines VIH were obtained by oxidation of the corresponding dihydro compounds IVb, c with lead 
te t raaeeta te  in glacial  acetic acid. 

The redox potentials of N-ary l su l fonyl - l ,4 -benzoquinone imine-4-a ry l su l famidophenol  sys tems in 0.5 M 
anhydrous sodium acetate solution in 99.8% acetic acid were determined in [3]. The potentials were determined 
by potentiometric  t i t rat ion with lead te t raaceta te .  A value of 0.753 V* was obtained for N-phenylsul fonyl- l ,4-  
benzoquinoneimine; this value is 0.169 V higher than the potential of 1,4-benzoquinone determined under the 
same  conditions. We attempted to c a r r y  out the potentiometric t i t rat ion of the synthesized compounds under 
the conditions indicated in [3] with lead te t raace ta te  solution in accordance with the equation 

IV + Pb(OCOCHB) 4 + Pb(O(-'OCll3)2 § 2 CH3COOH 

O2SNIi 

V i l l a  s b 

v i i i  a R' =O; b R'=NSO2C6H5 

However,  the accura te  determination of the potentials was found to be impossible because of the instability 
of the potential during t i trat ion.  For  this reason the redox potentials of the I V c - V I I a  and IVb-VlI Ib  sys tems 
were determined by measurement  of the potentials of mixtures of equimolar amounts of the indicated compounds. 
Since the potential of the mixture decreased  with t ime, evidently due to react ion of the oxidized forms with 
acetate ions, the potential was found by extrapolation of the po t en t i a l - t ime  curve to t = 0. This dependence had 
curvi l inear  cha rac te r  in its initial section,  after  which it became linear.  A s imi lar  method was used by F ieser  
in the determination of the potentials of unstable sys tems  [4]. The redox potential of the I V c - V I I I a  sys tem is 
0.715 V (average e r r o r  0.005 V), which is 0.038 V less than the potential of N-phenylsul fonyl- l ,4-benzoqui-  
noneimine [3]. This constitutes evidence for a high degree of conjugation of the quinoid r ing with the nonquinoid 
r ing and for an inc rease  in the delocalization of the ~r electrons.  The potential of the IVb-VII lb  sys t em is 
0.853 V, which is 0.138 V higher than the potential of the I V c - V I I I a  sys tem,  i.e. ,  replacement  of the oxygen 
atom by a phenylsulfonylimino group in quinoneimine increases  the potential by 0.138 V. 

In contras t  to N-phenylsulfonyl- l ,4-benzoquinoneimine [5], 9(H)-oxodibenzo[ce][1,2]thiazine 5,5-dioxide 
(Villa) does not display an indophenol react ion with phenol and 1-naphthol in alkaline and ammoniacal  solutions; 
this indicates the absence of cleavage at the SO2N=bond (ring cleavage is less favorable). 9(H)-Phenylsulfonyl- 
iminodibenzo[ce][1,2]thiazine 5,5-dioxide (VII]b) displays an indophenol react ion with phenol and 1-naphthol only 
in ammoniacal  solution (a d i r ty -g reen  colorat ion with phenol and a b lue-green  coloration with 1-naphthol) and 
does not give any sign of react ion in alkaline solutions. Despite the absence of hydroxyl and imino groups,  VIII 
dissolve quite rapidly in cold 1 M sodium hydroxide solution to give yel low-brown solutions. 

Thus in addition to an increase  in the electrophil ici ty of the quinoid r ing and a tendency to react  with 
nucleophiles (OH-, CH3COO-), a cer ta in  decrease  in the redox potential as compared with quinoneimines without 
a direct  bond between the quinoid ring and the substituent attached to the nitrogen atom is observed for the syn-  
thesized cycl ic  quinoneimines VIII. 

The IR spect ra  of  quinoneimines VIII do not contain absorption bands in the region of s t re tching vibrations 
of N--H and O - H  bonds (3200-3600 cm -1) ; the absorption at 3070 cm -1 in the spec t rum of monoimine VIIIa and 
at 3080 cm -1 in the spec t rum of diimine VIIIb should be ascribed to excitation of the s tretching vibrations of 
the a romat ic  r ing C--H bonds. Intense bands at 1655 (C = O) and 1630 and 1565 cm -1 (C = N) are  observed in 
the spec t rum of quinoneimine VIHa; intense bands at 1585 (exocyclic C = N) and 1570 cm -~ (ring C = N) are 
observed in the spec t rum of quinonediimine VII]b. For compar ison we point out that intense absorption bands 

*All of the redox potentials presented were measured relat ive to a standard hydrogen electrode.  
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TABLE 1. Synthesized Compounds 

C o r n  - 

pound 

I a  

lb 

lla 

II b 

1Va 

IV o 
(from IIb) 

IVc 

VI 

VII 

VlIIa 

VllIb 

C h a r a c t e r i s t i c s  of the 

mp, ~ 
N S 

105--106 10,56 
10,t2 

194--197 14,76 
14,45 

125--129 10,06 
10,12 

226--228 15,99 
16,02 

203--205 12,11 
12,07 

231--233 16,48 
(dec.) 16,32 
238--239 12.98 

12,90 
244--247 11.47 

11,45 
180--182 12.94 

13,16 
181--183 13.24 
(dec.) 13,02 
204---205 16,76 
(dec.) 16,45 

Empirical formula 

ClaH,2N2OsS 

ClsHlsN306S~ 

CI~HI4N~O3S.HCI 

CIsHIrNaO4S= 

ClaHltNOaS 

C~I 1~4N204S2 

C~2H~NO~S 

C~2H8N~O4S 

C~2H~oN202S 

C/~HTNO3S 

Catc.,~o 
N S 

CLsH~=N2O4S= 

9,09 10,40 

9,70 14,79 

L90 10,18 

0,42 15,89 

5,36 12,27 

7,25 16,59 

5,66 t2,97 

0,14 [1,61 

1,37 3,02 

5,71 13,07 

7,29 16,68 

~: eld, 

70 

92 

80 

67 

80 

83 

75 

84 

70 

40 

90 

at 3060 (C--H), 1670 (C=O),  1620 (C = N), and 1540 cm -1 a r e  p r e s e n t  in the s p e c t r u m  of N-pheny l su l fony l - l , 4 -  
benzoquinoneimine.  Intense bands at 3070 ( C - H ) ,  1580 (C = N), and 1570 cm -~ a re  observed  in the s p e c t r u m  of 
N ,N-b i s (pheny l su l fony l ) - l , 4 -benzoqu inoned i imine .  The s p e c t r a  of s t a r t i ng  IV contain intense absorp t ion  bands 
at 3200-3300 cm -I ( N - H  and OH). 

It is i n t e r e s t i ng  to note that  quinonedi imine VIIIb c r y s t a l l i z e s  f rom benzene in the fo rm of o r a nge -b rown  
needles  of the c r y s t a l  so lva te  (an addi t ive  complex) with one molecule  of benzene.  At 80 deg C the c r y s t a l s  
lose  benzene and a r e  conver ted  to a b r i gh t -ye l l ow  powder .  

E X P E R I M E N T A  L 

The tN s p e c t r a  of KBr pe l le t s  of the syn thes ized  compounds were  r eco rded  with a UR-20 s p e c t r o m e t e r .  
The potent ia ls  were  m e a s u r e d  with a P37-1 po ten t iomete r .  The ind ica tor  e l ec t rode  was pla t inum,  and the 
c o m p a r i s o n  e l ec t rode  was s i l v e r  ch lor ide  (sa tura ted) .  

2 -Ni t rophenylsu l fonyl (4-methoxyani l ide)  (Ia). A 10 m l - s a m p l e  of pyr id ine  and 0.1 mole of 2 -n i t r obenzene -  
sulfonyl  ch lor ide  were  added to a solut ion of 0.1 mole  of 4 -aminoan i so le  in 100 ml of alcohol.  Af te r  12 h, the 
mix tu re  was poured into 500 ml of 5% hydroch lor ic  acid ,  and the p r e c i p i t a t e  was removed  by f i l t ra t ion  and 
pur i f ied  by d isso lv ing  in a lka l i  and p r ec ip i t a t i on  by the addit ion of acid.  The produc t  was c r y s t a l l i z e d  f rom 
alcohol .  Produc t  Ia was a lso  obtained by reac t ion  of the amine with 2 -n i t robenzenesu l fony l  ch lor ide  in a s u s -  
pension of sodium carbonate .  2 -Ni t rophenylsu l fonyl (4-phenylsu l famidoani l ide)  (Ib) was s i m i l a r l y  obtained f rom 
4-phenyls  u l famidoani l ine .  

2 -Aminophenylsu l fonyl (4-methoxyani l ide)  (IIa). A 0 .01-mole  sample  of Ia was added to a suspens ion  of 
3.0 g (0.05 mole) of powdered pig i ron  in a mix ture  of 100 ml of a lcohol ,  5 ml of water ,  and 0.5 ml of 36% 
hydroch lo r i c  acid ,  a f t e r  which the mix tu re  was ref luxed for 4 h. Alcohol  (75 ml) was r emoved  by d i s t i l l a t ion ,  
200 ml of 2% sodium carbona te  solut ion was added to the r e s idue ,  and the mix ture  was heated to the boil ing 

point and t r e a t e d  with 5 g of sodium hydroxide.  The hot solut ion was f i l t e red ,  and amine  IIa in the f i l t r a t e  was 
p r ec ip i t a t ed  by the addit ion of ace t i c  acid.  The produc t  was obtained in the form of a l i gh t - co lo red  v i scous  
m a s s ,  which was pur i f ied  by convers ion  to the hydrochlor ide .  2-Aminophenylsul fonyl (4-phenylsul famidoani l ide)  
(Ilb) was s i m i l a r l y  obtained.  

2 - (4 -Me thoxypheny l )benzo - l , 2 , 3 , 4 - t h i a t r i a z i ne  1,1-Dioxide (IIIa). A 0 .2 -mole  sample  of amine  IIa was 
d i sso lved  in 490 ml of wa te r  containing 8.8 g (0.22 mole) of sodium hydroxide and 15.2 g (0.22 mole) of sodium 
n i t r a t e ,  and the solut ion was cooled to 5 deg C and added g radua l ly  to an i ce -coo led  mix tu re  of 40 ml of 36% 
hydroch lo r i c  acid in 400 ml of water .  The solut ion was f i l t e red  through fluted f i l t e r  pape r ,  and the product  was 
p r e c i p i t a t e d  f rom the f i l t r a t e  by the addi t ion of a solut ion of 60 g (0,76 mole) of anhydrous sodium ace ta te  in 
400 ml of water .  A f t e r  1 h, the ye l lowish  p r e c i p i t a t e  of t r i a z i n e  IIIa was r emoved  by f i l t ra t ion ,  washed with 
wa te r ,  and conver ted ,  without pur i f ica t ion ,  to IVa. A por t ion  of the p r e c i p i t a t e  was r e c r y s t a l l i z e d  f rom p e t r o -  
leum e ther  to give p a l e - y e l l o w  need les .  Diazo coupling o c c u r r e d  i m m e d i a t e l y  with 1-naphthol  on the f i l t e r  
pape r ,  and in tense  co lo ra t ion  developed.  In this  r e s p e c t ,  b e n z o - l , 2 , 3 , 4 - t h i a t r i a z i n e  d i f fe r s  f rom diazoamino 
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compounds,  which display diazo coupling only when they a r e  t r ea t ed  with hydrochlor ic  acid vapors  [6]. 2 - (4-  
P h e n y l s u l f a m i d o ) b e n z o - l , 2 , 3 , 4 - t h i a t r i a z i n e  1,1-dioxide(IIIb) was s i m i l a r l y  obtained. 

9-Methoxydibenzo[ce][1,2]thiazine 5,5-Dioxide (IVa). The en t i re  yield of th ia t r [az ine I I [a  (crude; drying 
reduces  the yield) was suspended in 200 ml of 10% sodium hydroxide,  40 g C0.62 mole) of powdered copper  
was added, and the mix tu re  was s t i r r e d  until ni t rogen evolution ceased.  The mix ture  was then f i l te red ,  and IVa 
was isolated by acidif icat ion with hydrochlor ic  acid. 9-Phenylsulfamidobenzo[ce][1,2] thiazine 5,5-dioxide 
(IVb) was s i m i l a r l y  obtained. 

9-Hydroxydibenzo[ce][1,2]thiazine 5,5-Dioxide (IVc). A solution of 5.2 g (0.02 mole) of IVa in a mix tu re  
of 100 ml  of acet ic  acid and 100 ml  of 4870 hydrobromic  acid was refluxed for 10 h, a f t e r  which the hot solution 
was f i l te red  and diluted with 500 ml  of hot water .  The hot solution was allowed to cool,  and the resul t ing  
yellow needles  of IVc were  removed  by f i l t rat ion.  

9-Nitrodibenzo[ce][1,2] thiazine 5,5-Dioxide (VI). A solution of 6.74 g (0.08 mole) of  7270 nitr ic  acid in 30 
ml  of acet ic  acid was added dropwise  at 20 deg C to a solution of 11.6 g (0.05 mole) of V in 130 ml of acet ic  
acid. Af te r  1 h, the p rec ip i t a te  was r emoved  by f i l t ra t ion and dissolved in 150 ml of 1070 alkali .  The solution 
was acidified,  and the prec ip i ta ted  VI was r emoved  by fi l trat ion.  

9-Arninodibenzo[ce][1,2]thiazine 5,5-Dioxide (VII). A 15.0-g (0.07 mole on a 10070 basis)  s ample  of 
hydrosulf i te  was added to a heated solution of 2.52 g (0.01 mole) of  ni t ro compound VI in 50 ml of 670 sodium 
hydroxide solution. Af te r  the mix ture  b e c a m e  co lo r l e s s ,  10 g (0.25 mole) of ammonium chloride was added, 
and the reac t ion  product  was removed  by f i l t rat ion.  

9(H)-Oxodibenzo[ce][1,2]thiazine 5,5-Dioxide (VIIIa). A 1.0-g (4 mmole)  s ample  of IVc in 20 ml  of acet ic  
acid was s t i r r e d  for  2 h with 2.0 g (4.5 mmole)  of lead t e t r a ace t a t e ,  a f te r  which 0.5 ml  of ethylene glycol was 
added. After  15 rain, the mix ture  was diluted with 50 ml  of  water ,  and the p rec ip i ta te  was removed  by f i l t r a -  
tion and c rys ta l l i zed  rap id ly  f r o m  benzene.  9(H)-Phenylsulfonyliminodibenzo[ce][1,2]thiazine 5,5-dioxide 
(VIIIb) was s i m i l a r l y  obtained. 

The a l t e rna t ive  synthes is  of IVb f rom amine VII was accompl ished  by a method s i m i l a r  to the method for  
the p repa ra t ion  of anil ides I. 
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