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Some derivat ives  of 4H-1,3-benzothiazines,  including 2,4,4-tr isubst i tuted derivat ives [1] possess  psycho-  
t ropic activity [1-3]. In o rder  to t race  the change in the pharmacological  action as a function of the nature of 
the substituents in the 2,4,4 positions and on the introduction of an amino or alkylamino group into position 6, 
we have synthesized the 6 -amino-2 ,4 ,4 - t r i a lky l -2 ,3 -d ihydro-4H-1 ,3-benzoth iaz ines  (I-V) and the 6-acy lamino-  
2 ,4 ,4- t r ia lkyl  der ivat ives  (VI-XVI) (Table 1). 
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R = RI=CH3; lI R=CH~, RI=C~Hs; III R =CaHg, RI=CH3; IV R=iso-C4H~, 
R I=CH,; V R =C4H9, R* ----- C~Hs; VI R = RI= R ~ =CH~; VII R =C~Hg, 

R 1 = R z = CH~; VllI R*= C~Hs, R = R 2 = CHa; IX R = R ~--=- CHa, R ~ ----CoH~; 
X R=CaHs, RI=CH a, Rz=CaHs; XI R=iso-C4H~, RI=CH~, R2=CGHs; 
XlI R =CH a, RI=C2Hs, Rz =Cells; XIII R=CaH~, R*=CzHs, R z =Cells; 
XlV R=R I=CH',  R a=OC=H~; XV R=iSO-CaHg, Rx=CHs, R 2=OCzH~; 

XVI R =CH 3, R*= C=H~, R s = OC~H~, 

The ni t rat ion of 2 ,4 ,4- t r ia lky l -4H-1 ,3-benzo[1 ,4] th iaz ineswi thni t r ic  acid in sulfuric acid gave the c o r -  
responding 6-ni t robenzothiazines  which, without special  purification, were reduced with zinc and hydrochlor ic  
acid to the dihydrobenzothiazines (I-V), the amines (1/) and (V) being isolated and identified in the form of the 
dihydrochlor ides  and (l/I) and (IV) being used for fur ther  syntheses without isolation in the individual state.  
The s t ruc ture  of the amino der ivat ives  (I, II, and V) was confirmed by IR and PMR spect roscopy.  Thus, the 
IR spec t rum of the dihydrochloride (II) lacked the YC=N vibrations in the 1645-1660 cm -1 range that are  ob- 
served in the 4H-1,3-benzothiazine sys tem [4] and contain broad bands in the 2580 and 3350 cm -1 region 
(Y+NH2 and ~§ ) [5]. PMR spec t rum (in t r i f luoroacet ic  acid) of the amine (II), ppm*: 1.2 (6H, two with s i m -  

i lar values of the chemical  shifts;  two 4 - C - C I I 3  groups), 2.1 (d, J = 7 Hz, 2-CHa) , 2.4 (4H, two q with s imi lar  
values of the chemical  shifts, the two 4-CH 2 groups),  5.1 (1H, unresolved m, 2-H), 7.3 and 8.3 (5H, broad s 
signals, +NH 2 and +NH3) , 7.6 (2H, 7-H and 8-H with a lmost  the same values of the chemical  shifts), 7.73 (1H, 
broadened s, 5H) ; on the addition of heavy water,  the 2-H signal became a quadruplet with 3j = 7 Hz. 

The action of acet ic  anhydride on the amines (I-HI) led to the acetamido derivat ives (VI-VIII). The IR 
spec t rum (tablets with potass ium bromide) of, for example, the amide (VII) is charac te r i zed  by intense ab -  
sorpt ion bands at, cm-1; 3460 (~NH of an amide group), 1684 (amide (I)), 1513 (amide (II)). The PMR spect rum 

*Abbreviations adopted: s) singlet; d) doublet; t) tr iplet;  q) quadruplet; m) multiplet.  
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TABLE 1. 2,4,4,6-Tetrasubstituted 2,3-Dihydro-4H-1,3-benzothiazines 

Compound 

I 
II. 2HCI 
V. 2HC1 

VI 
VI. HC1 

VII 
VII. HC1 

VIII 
IX 
X 
X. HC1 

XI 
XI.HCI 

XII 
XII.HCI 

XIII 
XIV 
X IV. HC1 
XV 
XV- HC1 

XVI 
XVI. HCI 

Yield,  
% 

68 
71 
77 
68 

76 

98 
5O 

75 

82 

68 
68 

81 

78 

rap, *C 

I 15--6* 
218--20 (decomp.)  
198--200 (deeomp.)  
209--9"]" ' 
270--1 (decomp.) 
160--1:1: 
243,5--4,0 (deoomp.i 
138,5--40,05 
199,0--20o,55 
168--95 
274--5 (decomp.) 
155-6$ 
212--4 (deeomp.) 
141,0--2-,5:[: 
246--7 (decomp.) 
108--9" 
111,5--3,0;1: 
228--30 (deeomp.) 
113--4* 
246--7 (deeomp.) 
97--8* 

197--9 (deeomp.) 

Cl I 

Found, % 

15,39 
10,35 
9,10 

12,41 

Molecular formula 
CI 

22,85 
20,08 

12,02 

10,75 

9,11 

9,10 

9,43 

11,29 

9,89 

10,28 

N I 

13,40 
9,13 
8,24 

11,14 
9,46 
9,57 
8,75 

10,03 
8,84 
7,70 
7,10 
8,00 
7,05 
8,12 
7,33 
7,17 
9,99 
9,04 
8,68 
7,80 
8,95 
8,24 

11,44 
11,04 
9,81 

11,65 
10,13 
9,16 
8,23 
9,09 
8,19 
9,27 
8,71 
8,32 

11,42 
10,08 
9,69 
8,94 

10,70 
9,28 

CnH1 nNzS 
CxnH~ oN~S. 2HCI 
CI 6H~ 6N2S. 2HC1 
CxsH~ sN2OS 
ClsH1 sN~OS. HC1 
C1 oH ~ 4N~OS 
C16H25N2OS" HCI 
C15H~2N20 
C18H~oN2OS 
C21H26N2OS 
C~IH ~ 6N2OS" HC1 
C~xH26N~OS 
Cz~Hz 6N~OS" HCI 
C2oH~N2OS 
C~oH~4N~OS, HCI 
C~sH3oN2OS 
C x 4H ~ o N,,OzS 
C~ ~H ~ oN ~O~S, HCI 
C~H~ ~N~O~S 
C~THo ~N~O~S, HCI 
Cx ~H ~ ~N zOoS 
C x ~H~NzOzS, HCI 

Calculated,. % 

22,93 
10,18 

12,37 

10,77 

9,07 

9,07 

9,40 

ll,21 

9,87 

10,28 

I N 

13,45 
9,06 
7,98 

-11,19 
9,76 
9,58 
8,52 

10,07 
8,97 
7,91 
7,17 
7,91 
7,17 
8,23 
7,43 
7,33 

10,00 
8,85 
8,69 
7,80 
9,09 
8,13 

I s 

15,53 
10,36 
9,12 

12,80 
ll,21 
10,97 
9,75 

11,52 
10,26 
9,04 
8,20 
9,04 
8,20 
9,42 
8,50 
8,39 

11,43 
10,12 
9,94 
8,93 

10,40 
9,29 

* F r o m  heptane. 
$ F rom acetone. 
$ F r o m  benzene.  

(in deuterochloroform) of the amide (VID, ppm: 0.9 (3H, dis tor ted t, CH 2 in C4H9), 1.35 and 1.5 (two s, two 
4-CH 3 groups;  the signals over lap with the group of signals of  the 2-CH 3 and 3-H protons), 2.12 (2H, s, COCH3) , 
4.7 (1H, unresolved signal of 2-H), 7.1 (1H, d, J = 9 Hz, 8-H), 7.42 (1H, q, J1 = 9 Hz, J2 = 2 Hz, 7-H), 7;81 (1H, 
d, J = 2 Hz) 5-H), 8.32 (1H, broadened s, NHCO). React ion of the amines (I-V) with benzoyl chloride led to the 
format ion of the benzamido der ivat ives  (IX-XII1). The IR spec t ra  (tablets with potassium bromide) of the s e c -  
ondary  amides a re  cha rac t e r i zed  by, in addition to bands in the 3280-3450 cm -1 region (~NH), s t rong absorp-  
tion at 1637-1650 cm -I (amide I), 1518-1530 cm -1 (amide ]I), and 3300-3320 cm -~ (VNH of an amide). The 
ethoxycarbonylamino der ivat ives  (XIV-XVI) were  obtained by the react ion of the amines (I, II, and IV) with 
ethyl ch loroformate .  The IR spec t rum (tablet with potassium bromide) of the substituted urethane (XIV) showed 
absorpt ion bands with the frequencies  (cm-1): 3280 (amide NH), 1730 (amide 1), and 1532 (amide II). 

The ass ignment  of the amide II vibrat ions  in the compounds studied was confirmed by the deuterat ion of 
samples  in ch lo roform solution (0.1 M) in the case of the amides (VIII, XII, and XVI): In addition to the com-  
plete or  Partial  d isappearance of the na r row bands at 3435 cm -i (free NH groups in amides) and the broad 
bands a t  3300 cm "1 (bound NH groups in amides;  the VNH vibrations of the aliphatic par t  of such dihydrobenzo-  
thiazines are  of low intensity and are  observed with difficulty), the amide II bands (1510, 1510, and 1513 cm -~, 
respectively)  disappeared or  were  g rea t ly  weakened. Acylation in the aromatic ,  and not the heterocycl ic ,  amino 
group was also conf i rmed by the PMR spec t rum of the f ree  amide (VII): In CDC13 solution at 4.7 ppm the s ig-  
nal f rom C-H appears  in the fo rm of an unresolved multiplet which, after  the addition of CD3OD and the r e -  
p lacement  of 3-H by 3-D is conver ted into a t r iplet  signal with J = 5.2 Hz. By means  of deuterat ion it is also 
possible to identify the signal f rom the NHCO group at 8.5 ppm. Such select ive acylation is explained by s ter ic  
hindrance to the amino group of the he terocycl ic  moie ty  of the dihydrobenzothiazines.  

The study of the pharmacologica l  activit ies of the compounds synthesized was per formed on mice  by the 
methods used for the p r i m a r y  evaluation of drugs with an ant idepressive,  neuroleptic,  and tranquil izing action. 
The g rea tes t  in teres t  is presented by the substances  (V-VII, X-XII, XIV, and XVI) (Table 2). The effect of 
some of the compounds investigated has individual features  of s imi la r i ty  with the t r icyc l ic  ant idepressants  
(capacity for potentiating picrotoxin spasms and phenocoll s tereotypy).  However, the activi ty of the compounds 
investigated is infer ior  to that of the well-known ant idepressants .  

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

C h e m i c a l  

The IR spec t ra  were  taken on DS-301 and IR-10 inst ruments ,  and the PMR spec t ra  on a Varian T-60 in- 
s t rument  (6 scale) .  The molecu la r  weights of the bases  {VI-XIV) and (XV1) were  de termined m a s s - s p e c t r o -  
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metrically on a Varian MAT-f12 with the direct introduction of the sample into the ion source at an ionizing 

voltage of 80 V, and they corresponded to the calculated figures. 

Dihydrochloride of 6-Amino-4,4-diethyl-2-rnethyl-2,3-dihydro-4H-l,3-benzothiazine (]!9. With cooling, 
6 m!  of n i t r ic  acid (sp. gr .  1.5) was added in por t ions  to a solution of 10.6 g of 4 , 4 - d i e t h y l - 2 - m e t h y l - 4 H - 1 , 3 -  
benzothiazine [1] in 100 ml  of concent ra ted  sulfur ic  acid, and the reac t ion  mix tu re  was left  for  48 h and was 
then poured onto ice and the resul t ing  solution was made  alkaline with caust ic  soda and was ex t rac ted  with 
benzene .  The benzene solution was washed with water  and dist i l led to give 11.7 g of unpurified 4 ,4-d ie thyl -  
2 - m e t h y l - 6 - n i t r o - 4 H - 1 , 3 - b e n z o t h i a z i n e .  A solution of 6.6 g of this compound in 40 ml  of ethanol was heated 
to 60-70~ and 15 g of zinc and 40 ml  of hydrochlor ic  acid were  added in smal l  port ions over  12 h, the t e m -  
pe r a tu r e  of the mix tu re  being main ta ined  at 70-80~ After  cooling, it was poured into a sa tu ra ted  solution 
of po ta s s ium carbonate  (about 200 ml) and the product  was ex t rac ted  with toluene. The toluene solution was 
pa r t i a l ly  evapora ted  and the dihydrochlor ide  of (ID was prec ip i ta ted  by the addition of an e therea l  solution of 
hydrogen chlor ide;  yield 5.5 g. 

The amino de r iva t ives  (1) and (V) (see Table 1) were  obtained s imi l a r ly .  

6 - A c e t y l a m i n o - 2 , 4 , 4 - t r i m e t h y l - 2 , 3 - d i h y d r o - 4 H - 1 , 3 - b e n z o t h i a z i n e  (V1). A solution of 2.4 g of the amine 
(I) in 20 ml  of ch lo ro fo rm was t r ea t ed  with 1.22 g of acet ic  anhydrate  and 1.21 g of t r ie thylamine ,  the mix tu re  
was boiled for  3 h, cooled, diluted with ch lo ro fo rm and washed with water ,  the ch lo ro fo rm was dist i l led off, 
and the res idue  was c ry s t a l l i z ed  f r o m  acetone to give 2.1 g of the amide (VI). To obtain the hydrochlor ide ,  an 
e the rea l  solution of hydrogen chlor ide was added to a solution of (VI) in a mix tu re  of benzene and ethanol.  

The amides  (VID and (VI~) w e r e  obtained s i m i l a r l y  (see Table 1). 

6 -Benzo lyamino -4 ,4 -d i e thy l -2 -me thy l -2 ,3 -d ihyd ro -4H-1 ,3 -benzo th i az ine  (XII). A solution of 2.16 g 
of the amine (1D in 25 ml  of absolute toluene was t r ea ted  with 0.9 g of benzoyl  chloride and 4 ml  of t r i e thy l -  
amine and the mix tu r e  was kept at 20~ for  3 days,  diluted with water ,  and ex t rac ted  with toluene and ch lo ro-  
fo rm.  The solvents  we re  dis t i l led off, and c rys ta l l i za t ion  f r o m  benzene yielded 1.95 g of the amide (X1D. To 
obtain the hydrochlor ide ,  the b a s e  (XID was dissolved in ethanol and an e therea l  solution of hydrogen chlor ide 
was added. 

The amides  (IX-XI and XIID were  obtained s i m i l a r l y  (see Table 1). 

6 -E thoxycarbony lamino-4 ,  4 - d i e t h y l - 2 - m e t h y l - 2 , 3 - d i h y d r o - 4  H- l ,  3-benzothiaz ine (XV1). At 5-  7~ 2.5 g 
of ethyl  ch lo ro fo rma te  and an aqueous solution of sodium b icarbona te ,  maintaining the pH at 7.0-8.0, were  added 
in por t ions  to a solution of 2.7 g of the amine (II) in 30 ml  of ethanol.  The reac t ion  mix tu re  was kept at 20~ 
for  1 h, diluted with water ,  and ex t rac ted  with benzene,  the benzene was dist i l led off, and the res idue  was c r y s -  
ta l l ized f rom heptane to give 2.1 g of the ure thane (XVI). The hydrochlor ide  of (XVD was obtained in e ther  by  
the act ion of an e the rea l  solution of hydrogen chlor ide.  

The  subst i tu ted ure thanes  (X-IV) and (XV) were  obtained s i m i l a r l y  (see Table 1). 

Dihydrochlor ide  of 6 -Amino-4 ,4 -d i e thy l -2 -me thy l -4H-1 ,3 -benzo th i az ine  (XVII). The Raney nickel  (2 g) 
was added to a solution of 2 g of unpurif ied 4 ,4 -d i e thy l -2 -me thy l -6 -n i t ro -4H-1 ,3 -benzo th i az ine  in 30 ml  of 
methanol  and hydrogenat ion was  c a r r i e d  out under  the usual conditions until the absorpt ion  hydrogen ceased .  
The ca ta lys t  was f i l te red  off, the methanol  was dist i l led off and the res idue ,  consis t ing of the base  (XVII), was 
purif ied by  pa s sage  through a l ayer  of a lumina  [activity g rade  IV; b e n z e n e - c h l o r o f o r m  (1: 1]. The d ihydro-  
chlor ide of (XVII) was obtained in dibutyl e ther  by the addition of an e therea l  solution of hydrogen chloride,  
with a yie ld  of 1.4 g (60%), nap 263-265~ ( f rom aqueous ethanol).  Found, ~0:C1 22.80; N 8.92; S 10.60. 
C13H18N2S'2HC1. Calculated,  %: C1 23.08; N 9.12; S 10.43. IR spec t rum of the dihydrochlor ide  (in oil), cm- i :  
1590 (benzene ring), b road  band at 1610-1630 (VC= N and 6+NH 3), 1800-3300 ( se r i es  of b road  bands,  Y+NH and 
V+NH3. The IR s p e c t r u m  (carbon te t rachlor ide)  of the base  (XVII) has bands at 1624 and 1648 cm -~ (6NH ~ and 
vC-1~)  and 3395 and 3480 cm -~ (~NH2). The PMR spec t rum of the dihydrochloride of (X-VII) of trifluoro~{cetic 
acid has no s ignals  o ther  than those of the protons of the 4-CH3CH 2 group (t, 5 0.9 ppm, and q, 2.3 ppm, J = 7 
Hz), of the 2 -CH 3 group (s, 6 3 ppm) and of three  a roma t i c  protons at 7.7-8.3 ppm. 

P h a r m a c o l o g i c a l  

The sedat ive  action of the subs tances  was invest igated in r e s p e c t  to the i r  influence on the orient ing r e -  
act ions (cl imbing up nett ing f r o m  an i l luminated c o m p a r t m e n t  of a chamber  into a dark  one). The coord ina-  
tion of the m o v e m e n t s  on a ro ta t ing  rod was de te rmined .  To invest igate  the neurolept ic  p rope r t i e s  we studied 
the capac i ty  of the subs tances  for  causing ca ta lepsy  and for  prevent ing the development  of phenocoll s tereotypyo 

745 



TABLE 2. Pha rmaco log ica l  P r o p e r t i e s  of the 1,3-Benzothiazine 
Der iva t ives  (EDs0 , in mg/kg ,  ~nd confidence interval)  

Compound 

V. 2HCI 
VI. HCI 

VI I. HCI 
X. HCI 

XI. HCI 
XII. HC1 
X IV. HCI 
XVI. HC1 

XVII.2HC1 

Suppression of 
orienting reac- 
tions 

62,0 (53,0-- 72,6) 
29,0 (23,2--36,3) 
35,5 ~8, I-~44,7) 
81,0 (69,8-=93,9) 
75,0 (65,2-- 86,3) 
89,0 (77,0 -~ 102,4) 

Potentiation of 
pierotoxin atoms 

24,0 (16,0--36,0)% 
18,0 (10,6~ 30,6)% 

10,0 - -  5 0 % T  

20,0 - -  50%t 
20,0 -- 42%~ 
30,0 - -  50% t 

5,6 (37-8.8/% 

Potentiation of 
phenocoU stereo- 
typyt 

50,0 - -  50% 
50,0 - -  40% 
50,0 - -  25% 
30,0 - -  25% 
40,0 - -  38% 
50,0 - -  38% 

1o,o 5o%~ 

Tremor 
effect 

I00,0 - -  33% 

33,5 (29,6--37,9) 

*Effect  absent .  
The doses  causing the m a x i m u m  effect  a re  given; a fu r ther  i nc rea se  

in the dose is accompanied  by a reduct ion in the effect .  

We also de t e rmined  the capaci ty  of the subs tances  for  potentiating phenocoll  s t e reo typy  and picrotoxin s p a s m s .  
The analges ic  p r o p e r t i e s  were  evaluated f rom the reduct ion in the pain reac t ion  of the an imal  on applying a 
c lamp closed with a fo rce  of 0.5 kg to its tai l .  To inves t igate  thei r  t ranqui l iz ing effect  we studied the capac i ty  
of the compounds for prevent ing  the s p a s m s  caused by the subcutaneous injection of penty lene te t razole .  The 
subs tances  were  admin i s t e r ed  in t raper i tonea l ly  in suspensions  of Tween-80, 30-40 rain be fo re  the record ing  
of ac t iv i ty .  The effect ive doses  we re  calculated by  the method of Litcb_field and Wilcoxon [6]. 

Compounds (VII, X-XII,  and XVI) cause  a d is turbance  of the orient ing reac t ions  with suppres s ion  of the 
act ion of c l imbing up netting (see Table 2), which may  indicate the p re sence  of a sedat ive  effect  on the animals .  
In doses  causing a pronounced sedat ive  effect,  the compounds invest igated exhibited no cata leptogenic  action 
and did not in t e r fe re  with the coordinat ion of the movemen t s  of the an imals  on a rota t ing rod.  

The m a j o r i t y  of the subs tances  potentiated picrotoxin s p a s m s  (see Table 2) and a lmos t  all the compounds 
studied p o s s e s s e d  the capac i ty  for potentiat ing phenocoll  s t e reo typy .  However,  the potentiat ion had no g rea t  
breadth:  Whenthe doses  we re  inc reased  the effect  did not r each  100% but was rep laced  by  antagonism.  Not 
one of the compounds invest igated was capable  of prevent ing  penty lene te t razole  s p a s m s .  Compound (V) caused 
t r e m o r s  in the a n i m a l s  which is poss ib ly  due to the p r e sence  of the amino group in posi t ion 6. The 6 - a min o -  
4 ,4 -d i e thy l -2 -me thy l -4H-1 ,3 -benzo th i az ine  (XVI1) synthes ized for  compar i son  p o s s e s s e d  a st i l l  m o r e  p r o -  
nounced capaci ty  for  causing t r e m o r .  
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