
1 , 3 - B E N Z O T H I A Z I N E S  ( R E V I E W )  
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Data on the methods for the synthesis of 1,3-benzothlazines and their derivatives and their 
chemical properties and physiological activity are correlated. 

1,3-Benzothiazine derivatives were described for the f irst  time only in 1964 [1] ; however, in connection 
with the chemical peculiarities of this class of heterocycles and in connection with the fact that numerous bio- 
logically active compou_~s have been found in the benzothiazine series,  the research on this heterocyclic sys-  
tem has been undergoing extremely intensive development in the last decades. 

Isomeric 1,3-benzothiazines I-HI and their derivatives are examined in the present communication; data 
from research that has been abstracted in Chemical Abstracts up to 1972 inclusively are reflected in it. 
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A prev ious r ev i ew  [2] also contains data re la t i ve  to 1 ,3 -beD~ot ld~ ines ,  but on ly  a few studies f r om r e -  
cent years are discussed in it. 

M e t h o d s  f o r  t h e  S y n t h e s i s  o f  1 , 3 - B e n z o t h i a z i n e s  

In the case of 1H-1,3-benzothlazines only substituted compounds of the VI type, obtained from dehydro- 
benzothiazinone IV through its silver derivative V, are known. Their structure was proved by hydrolysis, 
which leads to 2-(alkylthio)benzamides and benzaldehyde [3]. 
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Derivative VHI, which does not contain substituents in the heteroring and is formed by condensation of 
N-(hydroxymethyl)formamide and 3,4-dimethoxyt~ophene (VII) in the presence of phosphorus oxychloride 
[4-6] is also known for 2H-l,3-benzothiaziae (II) [4-6]. 
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Other N-(hydroxymethyl)amides and VH form N-(arylthio)methylamides IX, which give 4-substituted 
benzothlazines X when they are heated with POC13 in pyridine [4, 7]. When pyridine is absent, the formation 
of a 1,3-benzothiazine from (arylthio)amides IX proceeds via two pathways to give 2H-l~3-benzothiazines X 
and 4H-1,3-benzothiazines XII [4, 11] as a result of rearrangement of (arylthio)methylamide IX to thiobenzyl- 
amide XI [8-10]. 
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2H-1,3-Benzothiazine derivatives XIV were f irs t  obtained by thermolysis of 2-(arylthio)axazol-5-one 
xm [12]. 
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2-Oximino-4-methyl-2H-1,3-benzothiazine is formed in the reaction of 2-thiocyanatoacetophenone with 
hydr oxylamine [13]. 

Unsubstituted 4H-1,3-benzothiazine (III) was synthesized by treatment of 2-mercaptobenzylamine hydro- 
chloride (XV) with a Grignard reagent and subsequent heating of the resulting XVI with bromoform. The r e -  
action of magnesium derivative XVI with benzotrichloride gives a benzothiazine of the XII type (R = H, R' = 
C6H 5) [14, 15]. 

~ S H  RMgBr ~ 
+ ~SMgBp C ~B~ ~3s --~" ll' 

cH2NH3]  Cl~ THF ~L~j~L-CH~'NHMgFIP ~ C6H5ccl3 

XV XVI 

Prolonged heating of S- benzoyl- N- acyl-  2- mercaptobenzylamine (XVI) with POC 13 gives r i se  to 2- a ry l -  
and 2-alkyl-  4H- 1,3-benzothiazine [8, 14-17]. Part ial  deacylation of the diacyl derivatives XXV gives amides 
which upon heating with condensing agents t ransforms to the 2-substituted compounds of type XII [8, 9, 18, 
19]. 
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Benzothiazines XII were also obtained by cyclization of XVII in the presence of phosphorus oxychloride 
[9]. As we pointed out above, N-(3,4-dialkoxyphenylthiomethyl)amides of the IX type (R = OCH3, OC2H 5) are 
converted to 4H-1,3-benzothiazines XII in the presence of acid condensing agents [5, 8, 18, 20] ; intermolecular 
rearrangement  of the amides precedes cyclization [9]. The corresponding benzothiazine XII is also formed 
when S-benzoyl-4,5-dimethoxy-2-mercaptobenzylamine hydrochloride (XVIII, R = OCH3, R' = C6H 5) is melted 
[21]. Aryl-substituted compounds of the XII type can also be obtained by cyclization of imino thio es ters  XIX 
with formaldehyde [22]. 

2,4,4-Trisubstituted 4H-1,3-benzothiazines XX are  formed by the reaction of XXI and XXII with aliphatic 
and aromatic nitri les in the presence of mineral  acids [23-25]. 
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R = M e t P h  ; XXl R'=CHzPh ; XXII RI=H 

The formation of 2,4-substituted 4-hydroxy-4H-1,3-benzothiazines (XXIII, Ar = C6H5) is observed in the 
reaction of the corresponding oxo derivatives XXIV with phenylmagnesium bromide. 4-Benzylidene derivative 
X ~  is formed in the ease of benzylmagnesium bromide, probably through hydroxy compound XXIII [26, 27] 

XXlll XXIV XXV 
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2-Benzylamino-4H-1,3-benzoth iaz ine  (X:XVt) was synthesized by oxidation of N,N'-dibenzyl thiourea 
(XXVII) w~th bromine  [28]. 

HS~'c~NHCH2Ph BP ~ " y  $ ~  NHCH2Ph 
Ir ~'2 

XXVI! XXVI 

C h e m i c a l  P r o p e r t i e s  o f  4 H -  a n d  2 H - 1 , 3 - B e n z o t h i a z i n e s  

Hete ror ing-subs t i tu ted  4H-1,3-benzothiazines  a re  b a s e s  and r e a c t  with acids to give the corresponding 
sal ts  XXVHI, which a re  read i ly  hydrolyzed to give amine sal ts  of the XVIII type. 4H-1,3-Benzothiaz ines  a r e  
stable in the p re sence  of alkalis;  however ,  the he t e ro r ing  is opened at the C - S  bond to give an N-benzoyl  de-  
r iva t ive  of the XI type under s eve re  conditions [21]. 

C H 30"-.~',..J S V PD H + CH30~SH OH- I" II ,U.. ,-  ~ xvm 
CH30 .~-~-~ CH21NHCOPh H20 C H 3 0 ~ N H  ] X H=O 

Xl XXVIII 

4H-1,3-Benzothiazines XII (R = C6H 5) react with alkyl h~ides to give quaternary salts (XXIX) [29, 30]. 
Benzothiazines  XII and the i r  sal ts  (XXIX) a r e  reduced  to 2 ,3-d ihydro  der iva t ives  with zinc in the  p resence  of 
acids;  however ,  they could not be reduced with complex hydr ides  [31]. 

The oxidation of 2 -a ry l -6 ,7 -d ia lkoxy  der iva t ives  XII (R = OAlk, R' = Ar)  leads to 4-oxobenzothiazines 
of the XXIV type [5, 32], while der iva t ives  that  do not have alkoxy groups are  oxidized to 4-oxo 
compounds only by permanganate  in alkaline media  [33]. The oxidation of benzothiazine XII 
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(R = H, R' = Ar )  with permanganate  in acetone leads to the format ion  of 4-oxo 1,1-dioxide XXXH [33]. 2- 
Atky t - l ,3 -benzo th iaz ines  of the XII type a r e  oxidized by a i r  oxygen to give sulfoxides XXXIII [33, 34]. This 
so r t  of oxidation is not obse rved  in the case  of 2 -a ry l - subs t i tu ted  compounds [33]. 
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The reaction of compounds of the XII type with bromine leads to 1,1-dibromide XXXIV, which is con- 
verted to the starting compound (instead of the expected oxide XXXIII) when i t  is treated with alkalL However, 
dibromide  XXX1V forms  sulfoxide XXXIII (R' = A r )  when it  is heated in propyl  alcohol [33]. 

Xll " ~ w *  XX XIII 
OH- ~ k , ~ N  
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Lit t le  study has  been  devoted to the p roper t i e s  of 2H-1,3-benzothiazines  of the II type. Like the 4H i so-  
m e r s ,  they fo rm sal ts  XXXV [4, 12] with mine ra l  acids and qua te rnary  salts  XXXVI with alkyt or  a ra lkyl  
hal ides  [4]. Salts XXXV and XXXVI a r e  reduced to dihydro der iva t ives  XXXVII and X-XXVIII by zinc in acid 
or  sodium borohydr ide  in alkaline media  [4]. The i r  acid hydrolys is  leads to mercap to  der iva t ives  X?XXIX [4, 
12]. 

241 



XXXV X x x x v I  

/ 1OO ~ ~ NO BH,~ 
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3 , 4 - D i h y d r o - 2 H - 1 , 3 - b e n z o t h i a z i n e s  

The names 3 ,4-dihydro-2H- or 2 ,3-dihydro-4H-1,3-benzothiaz iaes  for d ihydro- l ,3-benzoth iaz ines  a re  
equally prevalent  in the l i te ra ture .  In conformity with the IUPAC nomencla ture ,  we will use the f i r s t  of these 
naines. 

Attempts to synthesize compounds of the XXXVII type,  which do not have a substituent in the he te ror ing ,  
have thus far  been unsuccessful .  The condensation of sal t  XL with formaldehyde leads to the format ion of 
methylene-b is -3 ,4-d ihydro  der ivat ive  XLI [35]. Similar  condensation of N-ethyl-subst i tu ted sal t  XLII and 
formaldehyde gives N-ethyldihydro der ivat ive  XLIII [35]. 

CH30 ~/I..~CHF~H3C,- - " CH30 ~ N> CH F N ~ O C H  3 
XL XLI 

C H 3 0 " ~  s" * _ .. CH20 ,. C H 3 0 " ~  s' ]  

C H ,iO ~.,fl"~vJtW" C H - I  ~ H:~ CI C H30 ~."V'~./"'~N "C2 H5 
- - C2H5 

XLII XLIII 

The general ly  accepted method for the synthesis  of d ihydro- l ,3 -benzoth iaz ines  XLIV is condensation of 
2 -mercap tobenzy lamiaes  XV, XL, and XLII with aldehydes and ketones [35]. 

R ~ , ~ ' , , , . /  --.R 2 
XLIV 

E a = H, OCH3; I~ = alkyl, aryl; t~ = H, alky !, cycloalkyl , 

The above-mentioned reduct ion of 4H-1,3-benzothiazine der iva t ives  XII or  the i r  qua te rnary  salts  (XXIX) 
has  been  used in the synthesis  of only a few dihydro der iva t ives  [31]. It  should be noted that the reduct ion of 
4-oxobenzothiazines  XXIV (R = H, Ar = CsH s ) to dihydro der iva t ives  XLIV has been descr ibed;  however ,  this 
method is not always successful  [35-37]. Compound XVI is conver ted to the same der iva t ive  XLIV on reac t ioq  
With benzal  chloride [38]. 

~ , ~ / $ , , ~ P l ' t  , L iAIHt ' c XLIV (R '=R2=R~=HmR3=ph)  

O 
XXIV 

The reduction of the oxo group in 4-oxodihydrobenzothiazine LV leads to dihydrobenzothiazi~e XLIV [39]. 

I II / ~ N~,(CH2)2N(C2Hs)2 XLIV R=R =HtR =(CH2)2N(C2Hs)2vR =Ph 

O 
XLV 

XVI PhCHCl2 .... -" XLIV (RI =R2 = R~= H , R3= PI1 ) 

3,4-Dihydro-2H-1,3-benzothiazines  form salts XLVI, which are quite soluble in water  and a re  readi ly  
hydrolyzed to the corresponding 2-mercaptobenzylamines  XIII through thio hemiace ta l  XLVII, hydrocMoride  
XLVI is formed f rom it by the loss of a molecule of water  when it is melted.  A benzothiaziae r ing is r e fo rmed  
when an aqueous solution of XLVII is neutral ized [5]. 
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Dthydro derivative XLIVd is oxidized by air oxygen in alcohol  solution to give disulfide XLVIII [5]. 

CH30 ~ . ~ N  H EtOH CH30 ~ . ~ C H ~ , .  N 

XLIV XLVIII 

O x o  D e r i v a t i v e s  o f  1 , 3 - B e n z o t h i a z i n e s  

2 -Oxo-4H-1 ,3 -benzoth iaz ine  (XLIX) has not been described.  Only its dihydro derivative (L) was ob-  
tained by react ion of sal ieylaldehyde with methyl  isocyanate [40]. 

I1 OH-t EtOH k ~ O  N 
N HO N 

XLIX CH3 ~ " ~ 0  

k 

4-Oxo-4H-1,3-benzothiazine (LIV) is synthesized through 2-carbethoxy derivative LII, obtained from 2- 
mercaptobenzoie acid (LI) and ethyl cyanoformate. Hydrolysis gives aoid LIII, the deoarboxylation of which 
gives  LIV [42]. 

As we pointed out above,  the oxidation of 2 -ary l -4H-1 ,3 -benzoth iaz ines  (XII) leads to 4 -oxo  derivat ives  
[32, 33]. 

SH + c'COOEt xc~ ~ F ~ s y  c~176 
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The cycl izat ion of 2 - (acylmercapto)benzamides  LV in the presence  of hydrogen chloride is a general  
method for the preparation of 4 -oxo  derivat ives  LVI [43]. This method was also used to synthes ize  6 ,7 -d i -  
alkoxy derivat ives  of the LVI type [32]. 

~ SCOR HCI, xylene ,.- ~ S y R  

0 0 

LV LVI 
R; Ph iMe~Et 

2-Pheny! -4 -oxo -4H-1 ,3 -benzo th iaz ine  (LVI, R = C6H 5 ) is  formed when 2-mercaptobenzamide  (LVH) is 
treated with benzotr ichlor ide  [44]. 

~ SH PhCCl3 LV~ ( = Ph 
R 

C.-'NH2 
II 
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LVll 

The condensation of 2 -mercaptobenzoic  acid (LI) with various cyano derivat ives  is a universal  method 
for  the synthes is  of 2-subst i tuted 4 -oxo-4H-1 ,3 -benzoth iaz ines .  Thus acid LI (as wel l  as substituted acids) 
reacts  with aromatic ni tr i les  to give 2 - a r y l - 4 - o x o  derivat ives  LVI (R = Ar)  [45], with cyanoacetic  es ters  to 
give 2-(carbethoxymethyl)  derivat ives  LVIII [42], with chloroacetorgtrile to give chloromethyl-subst i tuted 
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compounds LIX [42], with cyanourea to give ureido derivatives LX [46], with N,N-disubstituted cyauamides to 
give compounds of the LXI type [47], and with cyanogen to give 2,2'-bis(1,3-benzothiazinyl) derivative LXII [48, 
49]. 

O 

. ~ $  (CN) 2 N~CN S X 

O 
LXII LVI r LVIli - LX| 

LVI X=Ap ~ LVIII X=CH2COOEt ; LIX X=CH2CI ; LX X=NHCONH 2 ; LXI X= NR 2 

The reaction of 2-thiocyanatobenzoic acid (LXIII) with PC15 leads to 2-chloro-4-oxo-4H-1,3-benzothia- 
zine (LXIV). Ring closing can also be accomplished by treatment of intermediate acid chloride LXV with hy- 
drogen chloride [50, 51]. Reactive ehloro derivative LXIV readily gives amines LXI, which are also formed 
in the reaction of 2-thioxo-4-oxo-l,3-benzothiazine (LXVI) with amines [51, 52]. 

PCt 5CN 

U .... 1 
0 0 

LXI|I LXV LXJV LXV| 

2-Phenoxy-4-oxo-l,3-benzothiazine (LXVIII) is obtained as a result  of condensation of 2-mercaptoben- 
zoic acid (LI) or its methyl ester (LXVII) and phenyl cyanate [53, 54]. The reaction of 3-hydroxy-l,2-benzo- 
thiazole LXIX and dimethylformamide (DMF) leads to the formation of 2-dimethylamino derivative LXX [55]. 

[~SH PhOCN F~S ~'ii -'~ 
COOR ~ N  

0 
Li ~ LXV11 LXV}II 

C H 3 ~  (CH3),NCHO ~ C H 3 ~ ' ~ S ~ N ( C H  3)2 

O 
LXIX LXX 

L1 R=H ; LXVH R=CH 3 

4-Oxobenzothiazines LVI are weak bases. They form salts LXXI only in nonaqueous media. 4-Oxodihy- 
dro derivatives LXXII were obtained by their reduction with alumintun amalgam [31, 43]. The problem of the 
reduction of compounds of the LVI type with lithium aluminum hydride cannot yet be regarded as completely 
solved [31, 36, 37]. 

0 0 
LXXV % .  LXX| ~ LXXtl 

~ '~"~O HC|I/H20 ~P\ 

A .~02 R A .S0.4 LIAIH~. 
F" ~ C*--F" ~ IT-.--LV, 

0 0 
LXXIV " LXXIi! XLIV 

4-Oxobenzothiazines LVI also undergo reactions involving the earbonyl group: o:r are formed with 
hydroxylamine [45], and 4-hydroxybenzotldazines XXIII are formed with Grignard reagents [26, 27] (see above). 
They are oxidized successively by peracetic acid to sulfoxides LXXHI and sulfones LXXIV [5]. Oxidation with 
permanganate also leads to sulfones [33]. 

The acid hydrolysis of 4-oxobenzothiazine LVI gives diamide LXXV [44]. 

4-Oxo-2,3-dihydro-4H-1,3-benzothiazine itself (LXXII, R = tt ) is unknown, but a number of good methods 
have been developed for the synthesis of its 2-mono- and 2, 3-disubstituted derivatives. 2-Alkyt- and 2-aralkyl-  
4-oxo-2,3-dihydro-4H-1,3-benzothiazines (LXXII) were f irst  obtained by reduction of N-acylbenzisothlazolones 
(LXXVI) or their 1-oxides (LXXVII) with zinc in the presence of an acid [1]. 

Zn, HCI 
N ~COR ~ LXX|| 

O 
LXXVl , LXXVII 

LXXV| X=$ ; LXXVII X=$O; R=AIk~ ~..r~.~ 1 
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This method was found to be unsuitable for the synthesis of 2-aryl  derivatives [1]. At the same time, a 
derivative of the LXXII type (R = C6H 5) is obtained when diamide LXXV is heated with excess benzaldehyde 
[1]. The latter reaction is the basis  for a general method for the preparation of oxobenzothiazones by con- 
densation of 2-mercaptobenzamides LXXIX with aldehydes and ketches [56-62]'. The cyclization proceeds 
through intermediate thio hemlacetal LXXX [58]. 

PhCHO PliCHCt2 ~SH 
LXXV LXXI~ ( R = Ph ) 

CONH 2 

LVII 

OH 
I , 

~ 5 H  R,CHO F2~SCH--R 

C/NH~" R ~k'~C/NH ~'R 
H il 
0 0 

LXXIX LXXX 

R = H 1 All( ; RS: AIk t AP t pipeddino 

N-. R 
O 

LXXVIII 

Hydroxy derivative LXXII (R = C6H ~) [63] is formed when 2-raercaptobenzamide (LVII) and benzal 
chloride are heated in piperidine. The condensation of hydroxamic acid LXXXI and cyclohexanone gives 3-  
hydroxy-4-oxobenzothlazine LXXXII [ 64]. 

--. ~ v ~r~ """ >'" N " O  H fl 
O O 

LXXXI LXXXII 

The reaction of 2-mercaptobenzoic acid (LI) with aldehydes and primary amines leads - through the 
Schiff base -to 2,3-disubstituted 4-oxo derivative LXXVIII [38, 65-70]. 3-Acylamino derivative LXXXIV was 
obtained by the same method from acid LI and N-acylhydrazones LXXXIII [71]. 

CH/RI 
. LXXVIII * LI "F II 

N~. R 

i A r  ~ F / S v A P  CH 
H 
N'~NHCOAP ~NXNHCOAP 0 

LXXXIII LXXXIV 

R~CHOI 
LI 

RNH 2 

LI + 

Vinyl sulfide LXXXV, which is formed by the addition of N-alkyl-2'mercaptobenzamide (LXXIX) to 
dimethyl acetylenedioarboxylate, undergoes cyclization to 4-oxodihydrobenzothiazine L : x i ~ I  in the presence 
of sodium methoxide [72]. 

R' 
R'C~CCOOCH 3 [ ~ 5  .C~ ~CHCOOCH3 

LXXIX ~"~"J'~ C " N H "~ R 

0 
LXXXV 

?G\~ 111 I NaOMe 

- 5 I~OOCH3 $ R 
CHzCOOCH 3 LI -I- II1~1 COOCH 3 ~:CHCOOCH 3 

COOH ~ " ~ N ~  R 
O 

LXXXVII LXXXVIII LXXXVI 

R=~aI~I,H ; RI=COOCH3~H 

The reaction of acid LI with dimethyl acetylenedicarboxylate (LXXXVII) gives vinyl sulfide LXXXVIII, 
which is also converted to benzothiazine LXXXVI through the acid chloride and amide LXXXV. 

The reaction of thiosalicylic acid hydrazide LXXXIX with propiolic acid nit-rile gives 3~amino-2-cyano- 
methyl-4-oxobenzothiazine (XC) in almost quantitative yield [48]. 

[ ~ S H  HC--C--C. s'~S~CH~ cN 
N \  

c / N H ' N H  2 ~ NH z 
O O 

LXXXIX XC 

Treatment of saccharin derivative XCI with sodium ethoxide leads to ring expansion with the formation 
of 2,2-disubstituted benzothiazine XCII, while treatment with sodium hydride in DMF leads to the correspond- 
ing 2-phenyl-substituted XCIH [60]. 
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,,~-...,,,.fSO z . Ph 
r'~"~'~Y/so2 NoOEt I ]l l~'cOOEt I II " < N ~ C H - -  Ph 

C COOEt L ' ~ v ~  "NH 
o 

XCI ~ XCII 

$ \  - 

0 0 0 
XClV XCV XCll| 

2-Phenacyl- l ,2-benzisothiazol in-3-one (XCIV) also undergoes ring expansion under the influence of al- 
kalis and is converted to 2-benzoyl derivative XCV [62]. 

4-Oxedihydrobenzothiazines LXXII and XCVI are formed in the reduction of 4-oxobenzothiazines (LVI) 
with lithium aluminum hydride [31, 43] and, correspondingly, as a result of the addition of alkylmagnesium 
halides to the C=N bond [26, 27]. 

[73]. 
been described [63]. 

 -0x. 

O O 
LV! XCVl 

An oxo derivative of the LXXVIII type is formed when sulfoxide XCVII is heated with acetic anhydride 
The oxidation of 4-thioxobenzothiazine XCVIII to oxo compound LXXII with selenium dioxide has also 

[•SOCH•P. (CH~CO~,O F~'~F'Sy ~" 
c /NH- .R  1OO ~ K ~ x , . ~  N -. R 

O O 
XCVII LXXVIII 

NH 

S O 

XCVlII LXXII 

R = CH 3 '~ C6H 5 

Chemical Properties of 4-Oxo-2,3-dihydro-4H-1,3-benzothiazines.  The alkaline hydrolysis of 4-oxodi-  
hydro derivatives LXXII leads to 2-mercaptobenzoic acid (LI), the corresponding aldehyde, and ammonia [1]. 
However, 2-carbox~]benzenesulfinic acid (C) is formed along with the aldehyde and ammonia from sulfone 
XCIX [43, 56, 60]. 

~ SO2H 
" 'J' '-F RCHO 4- NH 3 

~ NH COOH 

O 
XCIX C 

2,3-Dihydrobenzothiazines LXXII, which do not have substituents attached to the nitrogen atom, are con,  
Verted by reaction with acid chlorides in the presence of pyridine to N-acyl derivatives CI, which are readily 
hydrolyzed to give the starting compounds [1]. 

XXXI x.~x~%~, ,~ LXXVIII fo~ PI1CO3H 

...-, 

~ N ~ R  i ~ , , ~ N  H 
S 0 

CIV CV CIII 

O 
Cl 

I H202 

N"COR* 
O 

Cl| 

Hydrogen peroxide [1, 60, 72] and peracetic acid [56, 57, 74] oxidize 4-oxodihydrobenzothiazines LXXII 
to 1,1-dioxide CH; N-acyl derivatives are also oxidized by hydrogen peroxide [1]. Perbenzoic acid can be used 
for the selective oxidation to sulfoxides CHI [74], whereas a mixture of the sulfoxide and sulfone [72] or only 
the sulfone [65] is formed in the case of potassium permanganate. Compounds LXXII form N-alkyl-substituted 
LXXVIII with alkylating reagents [57, 58, 60]. 
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For  the prepara t ion  of 2 ,2-disubst i tuted CIV monosubsti tuted compounds LXXVIII a re  alkylated in the 
p re senc e  of alkali  me ta l  amides in liquid ammonia  [68, 70, 75]. Compounds of the LXXVIII type are  reduced 
to hydrobenzothiazines  XXXI by lithium aluminum hydride  [38]. The corresponding 4- thiones CV can be ob-  
tained f rom 4-oxodihydrobenzothiazines  LXXII and phosphorus pentasulfide [63]. Dihydro der iva t ives  of the 
CVI type and conjugated dienes such as 1 ,1 ' -d icyclohexenyl  form D i e l s - A l d e r  adducts (CVII) [41]. 

CVI CVll  

2 , 4 - D i o x o - l , 3 - b e n z o t h i a z i n e s  a n d  T h e i r  S u l f u r  A n a l o g s  a n d  I m i n e s  

Judging f rom the number of publications devoted to these  der iva t ives  of benzo- l ,3 - th iaz ine ,  they are  of 
a g rea t  deal  of in te res t  to r e s e a r c h e r s .  Thei r  synthesis  is usually based on the use of 2-mercaptobenzoic  
acid (LI) or its der iva t ive  as the s tar t ing  reagent .  

Thus acid LI and ethyl ch loroformate  fo rm intermediate  CVIII, which reac t s  with ammonia to give 2,4-  
d ioxo- l ,3 -benzo th iaz ine  (CIX) [76, 77]. Methyl 2 -mercap tobenzoa te  (LXVII) a lso reac t s  s imi la r ly  with ethyl 
ch lo roformate  to give CX, which undergoes cyel izat ion when it is t rea ted  with ammonia [76]. The reac t ion  of 
CVIII with p r i m a r y  amines leads t o  3-subst i tuted dioxo der iva t ives  CXI [77], and the reac t ion  with hydrazine  
hydra te  leads to 3-amino der iva t ives  CXII [77]. 

Dioxobenzothiazine CIX can also be obtained by cycl izat ion of 2 -mereap tobenzamide  (LVH)withphosgene 
[76, 77]. The reac t ion  of acid LI and potassium cyanate leads to carbamic  acid der ivat ive  CXII!, heating of 
which with thionyl chlor ide ,  hydrochlor ic  acid, or p-toluenesulfonic acid give benzothiazine CIX [76, 78]. 2 ,4-  
Dioxo der iva t ive  CIX is also formed by fusion of acid LI with urea,  and 2- th ioxo-4-oxo der iva t ive  LXVI is 
formed with th iourea  [46, 79]. Derivat ive LXVI is a lso obtained f rom 2-mercaptobenzoic  acid and potass ium 
thiocyauate;  it  is converted to 2,4-dioxo der iva t ive  CIX when it is heated for a long t ime with m e r c u r i c  oxide 
or  lead(II) [77]. 

~ I : O R  CICOO R , ~SCOOR l X__NH i ~%~/S..~O 

v COOR % ~ - " ' ~ "  x 
0 

LI i LXVII CVl l l  i CX CIX~CXI  TCXII 

o ~ ~ . . o~ '~  LXV, 
LV,, ~ o ~  ~ / ~ 6  J KSCN 

~S'coNH2 KOCN LI 
COOH 

CXIII 
LItCVlIl R:H'~LXVII,CX R:CH3 ;CIX X:H ;CXI X:R ;CXll X=NH 2 

Dioxo der iva t ives  CXI a re  formed by fusion of LI and N-alkylureas ,  and 2-thioxo der iva t ives  CXIV a re  
formed by fusion with thioureas  under s imi la r  conditions [80]. For  the prepara t ion  of 3-subst i tuted dioxo de -  
r iva t ives  CXI the product  of the reac t ion  of acid LI and isoeyanate or  chlor ide of carbamic  acid - carbamic  
acid der iva t ive  CXV - w a s  heated with thionyl chloride [76, 78, 81, 82]. The reac t ion  of LI with isothiocya-  
hates or chlor ides  of th iocarbamic  acids gives th iocarbamic  acid der ivat ive  CXVI, which, as in the preceding 
case,  undergoes cycl izat ion to benzothiazine CXIV. 2,4-Dioxo der iva t ives  CXI can be obtained by heating 
CXIV with m e r c u r i c  oxide [81-84]. 

~ N x R  v "COOH 
o 

~ O O  CXIV ~ RNHCSNH2 ~ ~"'Y CXVI 

. . . .  .oo  \ 7o" 

CXV 
The reaction of 2-meroaptobenzamide CXVII and chloroformic acid esters serves for the preparation of 

247 



4-thioxo-2-oxobenzothiazine CXIX through intermediate CXVIII [85-87]. 

~ S H  C'ICOOR' F ' ~  SCOOR' .......... F~Sy 0 
~tNHR Et3N ~L~ f l ~c /NHR k ~ N  ~. R 

S S " S 
CXVtl CXV}II CXtX 

R= A|K ~ AP . 

The condensation of 2-mercaptobenzoic acid (LI) with cyanamide leads to imine CXX, the hydrolysis of 
which with hydrochloric acid gives 2,4-dioxo derivative CIX [76, 88, 89]. The reaction of LI with cyanoguani- 
dine leads to 2-guanidino derivative CXXI, the hydrolysis of which takes place with the formation of CIX [89]. 

S ~ N C X N H R  

NH 

O 
CXXII ~ 0  

NH 

0 
CXXIll 

CXXII  R=H,IAIKIAP I X=O1S 

S , ~ N H  HC| ~ H20 CJX 

N H 80 ~ 

O 
C X X  

HCi ~H20 
NH2,-,-CN 

NH NH 
lI I' 

COOH v 
O 

LI CXX, 

2-Ureidobenzothiazines CXXII are formed in the reaction of cyanourea, cyanothiourea, and their deriva- 
tives with acid LI, whereas 2,4-dioxo derivative CIX is formed under more severe conditions [90, 91]. Acid 
LI and phenyleya~amide form 2-phenylimino4-oxo-l,3-benzothiazine (CXXIII) [87]. 

The condensation of hydrazide LXXXIX with cyanogen leads to 2-imino-3-amino derivative CXXIV, the 
hydrolysis of which gives 3-amino-2,4-dioxo-l,3-benzothiazine (CXII) [48, 92]. 

{~SH CCN,, ~-~lzSyNH 
C "NH'"  NH 2 ~ - - - - * ~ N "  NH 2 

O O 
LXXXIX CXXIV 

The acid hydrolysis of the product (CXXIV) of condensation of acid LI with carbodiimides CXXV serves  
as a method for the synthesis of N-substituted 2,4-dioxobenzotriazines CXI [93, 94]. 

P4R 

C ~ ~ CX! 
LI + tl .......... * 

N~. R L ~ ' ~  N "  R 
O 

CXXIV CXXV 

R = AI~ cyclohexy1* a~alkyl, Ar 

As we mentioned above, the reaetionof 2-thiocyanatobenzoie acid and phosphorus pentachloride gives 2-  
chloro-4-oxo-4H-1,3-benzothiazine (LXIH), the hydrolysis of which leads to 2,4-dioxo derivative CIX [51]. 

A 3-trifluoromethyl-2,4-dioxo derivative of the CXI type (X = CF3) is formed as a result of the reaction 
of perfluoro-2-azapropene (CXXVI) with acid LI [95], whereas 2-trifluoromethylamino-4-oxo derivatives 
CXXVH are formed as a result of the reaction with N-substituted 2-mercaptobenzamides (LXXIX) [96]. 

N"--CF 3 

CXXV| 

I1 
0 

LXXIX 

R = All( ~ AP 

NaF . . . . . . . . .  -, CX! (X  =CF~ ) 

CXXVI 
NaF 

D 

~ N"~ R 

CXXVII  

A suitable method for the synthesis of 2,4-dioxo derivatives CXI is hydrolysis of the corresponding 
imines CXXIX, which are formed from a substituted thiourea and 2-chloro-5-nitrobenzoic acid esters 
(CXXVIII) [97]. 
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R I R' 

. ~ C l  H2NCSNH R F ~  S...~NH H2SO~ , H20 
CXI 

O2N COOR O2 N / ~ v ~  N"R 
O 

CXXVIII CXXIX 
R= AIK ,~Ar' ; R' "- H ~ NO 2 

The react ion of 2 - a l k y l - 3 - c h l o r o - l , 2 - b e n z o t h l a z o l i u m  chlorides (CXXX) and substituted formamides 
gave 2 -  and 4 - imino  derivat ives  of dioxobenzothiazines  (CXXXI, CXXXII) [98]. 

F .TF. ..co 
~ L " ~  C l L~N~- R k-~v,,J%~ N "- R 

O NR' 
CXXX CXXXI CXXXII 

R~: AEk I Ar 

Chemical  Propert ies  of 2 , 4 -D ioxo - l , 3 -benzo th iaz ines  and Their Sulfur Analogs and Imines.  The alka- 
l ine hydrolys i s  of 2 , 4 - d i o x o -  and 2 - th ioxo-4-oxobenzoth iaz ines  CIX and LXVI leads to the formation of 2 -  
mercaptobenzoic  acid (LI) [79]. Compound CIX reacts  with alkali to give a salt,  which is  converted to s i lver 
salt  CXXXIII when it is  treated with s i lver  nitrate [89]. The alkylation of dioxobenzothiazines  CIX with alkyl 
iodides takes place with the formation of 3-alkyl-subst i tuted CXI [76, 77, 79, 89]. 

�9 . NaOH F ' ~ S y  O F"~S y S NaOH LI 

~ N H  H20 H20 ~L.~NH 
O O 

LXVI ~ Cl i 

5 0 0 

CXXXW CXl CXXXl!l 

Methyl es ter  LXVII and phenyl isothioeyanate are formed by cleavage of 3 - p h e n y l - 2 - t h i o x o - 4 - o x o - l , 3 -  
benzothiazine  (CXIV, R = C6H 5 ) with potassium hydroxide in methanol,  whereas  acid LI i tself  and phenyl i s o -  
thiocyanate are formed in acetone [99]. 

The benzolat ion of CIX and LXVI leads to N-benzoyl  derivatives  [79]. 

The character is t ic  react ions of the carbonyl groups were observed in the case  of 2 - i m i n o - 4 - o x o - l , 3 -  
benzothiazine {CXX) during the formation of its phenylhydrazone (CXXXV) [89] and in the case of the 2 -  
th ioxo-4 -oxo  derivative during the formation of the thiosemicarbazone (CXXXVI) [84]. 

~ S y N H  ~ NQNO 2 

N~N O AcOH 

oxxxv.,_ . 

I1 
O 

CXXXIX 

too, 
NH <AcOH 

O 
cXXXVtl 

NH k ~ k . ~ N H  
0 N-  NHAP 

CXX CXXXV 

CiX ~ H202 
AcOH 

CXXXl 

S 
N-NHCSNH 2 

CXXXVI 

Brief  treatment of 2- thioxo derivative LXVI with hydrogen peroxide in acet ic  acid converts  LXVI to 
2 ,4-d ioxo  compound CIX, and further oxidation to sulfone CXXXVII occurs  in the case  of prolonged treatment 
[46, 84]. The react ion of 2-thione LXVI with mercur ic  oxide and methylamine gives 2 -methy l imino-4 -oxo  de-  
rivative CXXXI (R = H, R' = CH~) [52, 87, i00, I01]. 

The reaction of 2-imino-4-oxo compound CXX and sodium nitrite in �9 acid leads to the formation 
of 3-nitroderivative CXXXVIII [89]. When the imino oxo derivative is heated in 10% sodium hydroxide solu- 
tions, the ring undergoes reversible opening to give salt CXXXIX [102]. 

3-Phenyl-2-oxo-4-thioxo-l,3-benzothiazine (CXIX, R -- C6H 5 ) is also cleaved by potassium hydroxide in 
methanol to give a thiobenzanilide derivative (CXVIII) and CXL [99]. 
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S ~ ]  N"R KOH,MeOH ~K~/'P"C ~ N H R F'~SCOOCH3 + ~ ~" "IF" S,,, ,~. 

S ~ NR 
CXIX C XVlll CXL 

The alkaline opening of the ring of 2-imino- and 4-imirio derivatives [103] and the Dimroth rearrange-  
ment of 3-phenyl-2-alkylimino-4-oxo-l,3-benzothiazine (CXLI) to CXLII in the presence of a base [52] have 
also been described. 

S,,,,~N R ~.~ B- F ~ F ' S  y NPh 

NPh L ~ O  N-. R 

CXLI CXLII 

2-Thioxo-4-oxo derivative LXVI is Cleaved in the presence of primary amines to give 2-mercaptoben- 
zamides LXXIX [46, 104, 105]. 

~S.~S RNH 2 SH 

NH " ~CONHR 
0 

LXV! LXXIX 

R = AIk 4 Ar 

2-Oxo-4-thioxo-l,3-benzothiazines (CXIX) react  with primary amines give 4-imino derivatives CXXXII, 
whereas 2,4-dithioxo derivatives CXLIII are converted to 2-imines CXLIV under similar conditions [52]. 

RINH2 
CXIX . CXXXI! 

S $ 
CXLIII CXLIV 

The reaction of 2,4-dioxo-2-thioxo-4-oxo-l,3-benzothiazines with carboxylic acid amides leads to the 
formation of 4-quinazolone derivatives [106,107]. Compound CXL and isothiocyanate were obtained as a r e -  
sult of alkaline opening of dithione CXLIII [85]. 

Biological Activity. The biological activity of 1,3-benzothiazine derivatives is diversified. Antidepres- 
sants [70, 75, 108], psychostimulators [68, 92], tranquilizers [67, 92], analgetics [47, 61], bacteriostats [77], 
fungistats [77], fungicides [95, 109], and substances that have spasmolytic [5,110-112], antipyretic [77], seda- 
tive [61], and antiphlogistic [77] properties are found among them. 
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