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A prepara t ive  method for  the synthesis  of th ienobenzoth iaz ines -  phenothiaztne a n a l o g s -  was 
worked out on the basis  of 2-methyl-3-carbethoxythiophene der ivat ives  and ni t roarenesulfenyl  
chlorides.  

Some thiophene analogs of pheno th iaz ine -  thienobenzothiazines [4, 5] - a re  of interest  in connection 
with the search  for medicinal  preparat ions .  However, the start ing compounds for  their  synthesis  are  re la -  
tively difficult to obtain. 

We propose a fundamentally new method for  the synthesis of a number  of 4H-thieno[2,3-b][1,4]benzo- 
thiazines f rom the access ib le  2-methyl-3-carbethoxythiophene derivat ives (I [6], II) and 2-ni t roarenesulfenyl  
chlorides (IIIa-d) via the scheme 
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We have found that ni troarylthiothiophenes (IVa-d, Va-c) are  formed in 80-980/0 yield in the react ion 
of I-H with arenesulfenyl  chlorides (Ilia-d). Derivatives VIa-d are  obtained by acylation of IVa-d. Reduc- 
tion of ni tro compoundsIVa-e,  Va-c,  and VIa-d with iron in aqueous dioxane in the presence  of catalytic 
amounts of hydrochlor ic  acid leads to aminoarylthiothtophenes (VHa-c, VIIIa-c, and IXa-d), the yields of 
which depend on the charac te r  of the substituent in the 4 position of the thiophene ring. Par t ia l  res tni f ica-  
tion is observed in the reduction of IVa-e, while amtnoarylthiothtophenes VlIIa-e  and IXa-d a re  obtained in 
high yields. 

The cyclization of VHa-c and VIIIa-c  to 4H-thieno[2,3-b][1,4] benzothiazine derivatives (Xa-c) p r o -  
ceeds on heating in the presence  of catalytic amounts of iodine and without solvents. In this case, VIIIa-c 

* See [1-3] for  communicat ions I-III .  
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are cycl ized under more  severe  conditions, and Xa-c  are therefore ob- 
tained in lower yields.  The cyelization of acetoxy derivatives  IXa-d to 
thienobenzothiazines Xa-d proceeds in dioxane in the presence  of con- 
centrated hydrochloric acid. The synthesis  of thienobenzothiazines Xa-d 
through acetoxy derivat ives  is the mos t  successful  variant (the overall  
yield of Xa-d by this method is  48-54%, based on I). 

The entry of the arenesulfenyl  group into the w position of the thio- 
phene ring of I and II is proved by the absence in the PMR spectrum of 
IV and V of a single signal at 6.1 ppm, which corresponds to the a pro-  
ton of thiophene. The IR spectra of aminoarylthiothiophenes VII-IX do 
not contain the absorption bands at 1300-1350 and 1500-1550 cm -1 that 
are characterist ic  for the nitro group, and two bands of the stretching 
vibrations of a primary amino group appear at 3300-3500 cm -t .  Absorp-  
tion is observed at 3340-3360 cm -1 (imino group) in the IR spectra of 
Xa-d. There are  three absorption bands with Area x (log e) 220 (4.51), 
260 (4.36), and 340 {3.59) rum in the UV spectra of Xa-d; this is  in agree-  
ment with the l iterature data for other thienobenzothiazine derivatives  
[5]. 

The Smi les  rearrangement [7] and, consequently,  the formation 
of one of two i somer ic  c o m p o u n d s -  4H-thieno[2,3-b][1,4]benzothiaz[ne 
or 4H-thieno[3,2-b][1,4]benzothiazine or a mixture of t h e m -  is poss ible  
in the cycl izat ion of VIIa-c, VIIIa-c, and IXa-d. 

H H 
X. _ ~  ~ N ~ C O O C ' H 5  + ~ C 0 0 C 2  H5 

Xl Xll 

An investigation of the mixture obtained as a result  of cycl ization 
of VIIa by means  of g a s - l i q u i d  chromatography (GLC) demonstrated that 
in this case  only one substance, which is athieaobenzothiaziae,  is  formed. 
The structure of this compound, the individuality of which was confirmed 
by GLC and thin-layer chromatography (TLC) data, was proved by de-  
sulfuration of the thiazine ring of Xa with a Raney nickel catalyst.  3-  
Phenylamino-4-carbethoxy-5-methylthiophene (XI) and 2-methy l -3 -car-  
bethoxy[3,2-b]indole (XII) were isolated by chromatography of the desul-  
furation products with a column fil led with aluminum oxide. Compounds 
XI and XII were identified by means of their IR and UV spectra and 
also by the absence of a melting-point depress ion of mixtures  with sam-  
ples  obtained by other methods [1, 6]. According to the GLC data, the 
percentages of XI and XII in the reaction mixture are, respect ively ,  43.5 
and 5.67%. 

Thus Smiles  rearrangement is not observed in the cycl ization of 
VIIa. 

EXP E R I M  E NTA L 

The IR spectra of mineral  oil  suspensions were recorded with a 
UR-10 spectrometer .  The UV spectra of alcohol solutions were obtained 
with a Hitachi EPS-3 spectrophotometer.  The PMR spectrum of a deu- 
terochloroform solution was recorded with a JEOL JNM-4H-100 spec-  
trometer with hexamethyldisi loxane as the internal standard. The GLC 
was carried out with an IGS-810 chromatograph with a f lame-ionizat ion 
detector,  a 200-  by 0.3-cm partition column, a stationary phase cons is t -  
ing of 1% {by weight) of neopentylglycol sebacate,  and a solid support of 
Chromosorb W (0.2-0.31omm fraction). The temperatures  of the column 
and input unit were  195 and 230 ~ , respect ively .  The retention t imes  of 
the compounds were  as follows: Xa 13.5 min, XI 9.25 rain, XII 3.5 rain. 
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The o-n i t robenzenesul fenyl  ch lor ides  (IIIc, d) were  obtained by the method descr ibed  for  o ther  a r e n e -  
sulfenyl chlor ides  [8]. 

2 -Ni t ro -4 -b romopheny l su l f eny l  Chlor ide  (IIIc). This  compound had mp 103.5-1040 (from CC14). Found: 
C 26.7; H 1.3; C I + B r  43.0; N 5,2; S 11.6%. C6H3BrC1NO2S. Calculated: C 26.8; H 1,1; C I + B r  42.9; N 5.2; 
S 11.9%. 

Bis (2-n i t ro-4-carbe thoxyphenyl}  Disulfide.  This  compound had mp  163.5-164.5 ~ (from alcohol). Found: 
S 14.2%. C~sHI6N2OsS 2. Calculated: S 14.1%. 

2-Ni t ro-4-carbe thoxyphenylsu l fenyl  Chloride (IIId). This  compound had mp 77-78 ~ ( f rom CC14). Found: 
C 41.2; H 3.1; C1 13.5; S 12.2%. CgHsCINO4S. Calculated: C 41.2; H 3.3; Cl 13.5; S 12.5%. 

2 -Methy l -3 -ca rbe thoxy-4 -methoxy th iophene  ( I f ) . . 4  solution of 19 g (0.1 mole)  of I in a mix tu re  of 
100 m l  of dioxane and 25 m l  of acetone was cooled to 5 ~ a f t e r  which 200 m l  of 2 N sodium hydroxide and 
19 ml  (0.2 mole} of d imethyl  sulfate  were  added success ive ly  with s t i r r ing  in such a way that the t e m p e r a -  
ture  of the m i x t u r e  did not r i s e  above 10 ~ The mix tu re  was then s t i r r ed  at r oom t e m p e r a t u r e  fo r  1 h and 
poured into cold water .  The resu l t ing  dark  oil was ext rac ted  with ether ,  and the e ther  solution was washed 
with w a t e r  until it was neut ra l .  It  was  then dried with magnes ium sulfate, the solvent was r emoved  by d i s -  
t[llation, and the res idue  was vacuum-dis t i l led  to give 12 g (56%) of II with bp 121-122 ~ (3 ram) and n~1.5257.  
Found: C 54.3; H 6.1; S 15.9%. C9H1203S. Calculated: C 54.0; II 6.0; S 16.0%. 

2 -Methy l -3 -ca rbe thoxy-4 -hydroxy-5 - (2 ' -n i t roa ry l th lo ) th iophenes  (IVa-d). A mix tu re  of 0.11 mole  of 
I, 0.11 mole  of I l ia-d,  and 4 0 m i  of d ry  dioxane was ref luxed with s t i r r ing  for  15 rain, a f t e r  which it was  
cooled. The c ry s t a l s  we re  r emoved  by f i l t rat ion,  washed with methanol ,  and dried.  Data on the n i t r oa ry l -  
thiothiophenes (IVa-d) a r e  p resen ted  in Table 1. 

2 -Methy l -3 -ca rbe thoxy-4 -me thoxy-5 - (2 ' -n i t roa ry l th io ) th iophenes  (Va-c). A mix tu re  of 0.01 mo le  of 
II and 0.01 mole  of I ~ a - c  was heated at 85-90 ~ fo r  15 rain, a f t e r  which it was  cooled, and the resul t ing c r y s -  
tal l ine m a s s  was r e c r y s t a l l i z e d  f r o m  methanol .  Data on Va-c  a r e  p resen ted  in Table  1. 

2 -Methy l -3 -ca rbe thoxy-4 -ace toxy-5 - (2 ' -n i t roa ry l th io ) th iophenes  (Via-d). A mix tu re  of 0.15 mo le  of 
IVa-d and 0.001 g of p- to luenesulfonic  acid and 200 m l  of acet ic  anhydride was ref luxed fo r  1 h, a f t e r  which 
it was  cooled and poured over  ice. The  prec ip i ta te  was r emoved  by f i l t rat ion,  washed with water ,  and dr ied.  
Data  on VIa-d  a r e  p resen ted  in Table  1. 

2 -Methy l -3 -ca rbe thoxy-4 -hydroxy(me thoxy) -5 -  (2 ' -aminoaryl thio)  thiophenes (VIIa-c,  VIIIa-c}. A 
0.36 g - a t o m  sample  of iron filings* was added to a solution of 0.06 mo le  of IVa-c  or  Va-c  in 600 ml"of  65% 
aqueous dioxane, a f t e r  which the mix tu re  was heated with v igorous  s t i r r i ng  on a wa te r  bath; at 70-80 ~ a 
solution of 1.2 m l  of concent ra ted  hydrochlor ic  acid in 24 m l  of wa t e r  was added slowly dropwise  to the mix -  
ture,  and the resu l t ing  mix tu re  was  heated at  100 ~ fo r  6 h. The resul t ing  p rec ip i t a te  was removed  by f i l t r a -  
tion and washed with hot dioxane. The dioxane was removed  f rom the f i l t ra te  by vacuum dist i l lat ion,  and 
the res idue  was  ex t rac ted  with e ther .  The e ther  solution was  washed w i t h w a t e r  and dr ied with magnes ium 
sulfate.  The solvent  was then r emoved  by disti l lation, and the res idue  was dissolved in the min imum amount 
of absolute  e the r  and acidified with an e the r  solution of hydrogen chloride.  The  prec ip i ta ted  hydrochlor ide  
was sepa ra t ed  and washed with absolute  e ther .  To obtain the base ,  an aqueous solution of the hydrochlor ide  
was t r ea t ed  with 10% ammonium hydroxide and ext rac ted  with e ther .  The ex t rac t  was washed with w a t e r  
and dr ied with magnes ium sulfate.  The solvent  was r emoved  by dist i l lat ion,  and the res idue  was c r y s t a l -  
l ized f r o m  methanol .  Data on VI Ia -c  and VII Ia-e  a r e  p resen ted  in Table  2. 

2 -Methy l -3 -ea rbe thoxy-4 -ace toxy-5 - (2 ' - aminoa ry l th io ) th iophenes  ~IXa-d). As in the preceding  ex- 
pe r iment ,  0.12 mo le  of VIa -d  was reduced with 0.72 g - a t o m  of i ron fil ings in 700 ml  of 65% aqueous dioxane 
and 3 m l  of concentra ted hydrochlor ic  acid in 57 m l  of water .  The resu l t ing  p rec ip i t a te  was separa ted ,  and 
the f i l t r a te  was poured o v e r  ice.  The p rec ip i t a te  was separa ted ,  washed with water ,  and dried.  Data on 
IXa-d a r e  p re sen ted  in  Table  2. 

411-Thieno[2,3-b][1,4]benzothiazines ~ a - d ) .  A. A 0.07-mole sample  of VIIa-c  was heated at 110- 
115 ~ fo r  15 rain in the p r e s e n c e  of 0.02 g of iodine. The  resul t ing  prec ip i ta te  was sepa ra ted  and r e c r y s t a l -  
l ized f r o m  methanol .  Data on X a - e  a r e  p re sen ted  in Tab le  3. 

B. A mix tu re  of 0.03 mole  of V~Ia -c  and 0.01 g of iodine was heated  at 150-160 ~ for  15 min~ 
and the resul t ing  c rys ta l l ine  m a s s  was t r ea t ed  with e ther .  The e ther  solution was washed with wa te r  and 

* I ron  fi l ings with pa r t i c l e s  s m a l l e r  than 0.25 m m  w e r e  used  f o r  the exper iment .  
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dried,  and the e the r  was r emoved  by dist i l lat ion.  The res idue  was r ec ry s t a l l i z ed  f rom methanol .  The r e -  
sult ing X a - c  did not d e p r e s s  the mel t ing  points  of s amp le s  obtained by method A. 

C. A mix tu re  of 0.01 mole  of IXa-d,  200 m l  of dioxane, and 40 m l  of concentrated hydrochlor ic  acid 
was  ref luxed f o r  40 rain, a f t e r  which it was cooled and poured ove r  ice. The p rec ip i t a t e  was separa ted ,  
washed with water ,  dried,  and c rys t a l l i zed  f rom alcohol.  The resul t ing Xa-c  did not dep re s s  the mel t ing  
points  of s amples  obtained by methods A and B. 

Desulfura t ion of Xa. A m i x t u r e  of 5.8 g (0.02 mole)  of Xa and 36 g of Raney nickel  pas t e  in 70 ml  of 
absolute  alcohol  was ref luxed with s t i r r ing  f o r  1.5 h. The nickel  was then removed  by f i l t ra t ion  and washed 
with alcohol,  and the f i l t r a t e  was evaporated.  The res idue  was chromatographed  on 120 g of act ivi ty-II  AleO 3 
with p e t r o l e u m  ether  as the eluent (10~ml f rac t ions  were  collected).  The f i r s t  15 f rac t ions  yielded 1.6 g 
(31.4%) of XI with mp 55-56 ~ ( f rom methanol)  (rap 54-55 ~ [1]). No mel t ing-poin t  dep res s ion  was observed  
fo r  a m ix tu r e  of XI with a sample  of 3 -pheny lamino-4 -ca rbe thoxy-5 -methy l th iophene  obtained by the method 
in [1]. Found. C 64.3; H 5.9; N 5.3; S 12.2%. Ci4HisNO2S. Calculated: C 64.3; H 5.8; N 5.4; S 12.3%. 

F u r t h e r  elution with pe t ro l eum e t h e r - b e n z e n e  (10 : 1) gave 0.26 g (5%) of X]I with mp  172-173 ~ (from 
acetone) (rap t71-172 ~ [6]). No mel t ing-poin t  depress ion  was obse rved  fo r  a m i x t u r e  of XI[ with a sample  
of 2 -methy l -3 -ca rbe thoxy[3 ,2 -b] indo le  obtained by the method in [6]. 
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