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A study of the biological properties of the 9-oxo-6,7,8,9-tetrahydropyrimido[4,5-b](l,4)benzothiazines 
shows that some of them possess ant~olic, cytostatic, and cytotoxic activity [i]. 

Molecules of this class of material belong to the tricyclic derivatives of 6,7-polymethylenepyrimido[4,5-b]- 
(l,4)thiazines with polar regions side-by-side (the nitrogen atoms of the pyrimidine ring a~d f~e eneamine ke- 
tonic group) , possessing hydrophobic properties. This information encouraged the examination of the 9-oxo- 
6,7,8,9-tetrahydropyrimido[4,5-b](l,4)benzothiazine structure as a possible biologically active structural com- 
bination. 

In this connection, compounds of this type show elements of similarity with other tricyclic compounds 
possessing psychotropic activity. In further consideration of the similarity of these compounds with earlier- 
described derivatives of dihydropyrimidobenzothiazines [2] was an investigation of a series of recently-syn- 
thesized, pharmacologically significant 9-oxo-6,7,8, 9-tetrahydropyrimido [4, 5-b] (1,4) benzothiazines containing 
dialkylaminoalkylresidues. The substituents were predominantly monosubstituted piperazines. Among these 
polymethylenepyrimidobenzothiazines, the most accessible were the 9-oxo-6,7,8,9-tetrahydropyrimidobenzo- 
thiazines containing the N-alkyl- or N-aralkylpiperazine residue in position 4 of the molecule, inasmuch as it 
is known that the corresponding chlorine derivative is easily substituted by different nucleophilic agents [3]. 

In practice, treatment of 4-chloro-7,7-dimethyl-9-oxo-6,7,8,9-tetrahydropyrimido- (Xa) m~_d 4-chloro- 
5, 7,7-trimethyl-9-oxo-6,7,8,9-tetrahydropyrimido [4,5-b] (i ,4)benzothiazine (Xb) with N-substituted piperazines 
gave the desired compounds (I-V]); it was established that the substitution reaction proceeds most easily in 
boiling triethylamine [4]. 
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hR -- CH~, R' --H; IhR -- CH2CH20H , R' = H; 
III:R == R' - CH3; IV:R = CH2Ph, R' H. 

i V:R -- CH2CH -- CHPh, R' == H; VI:R = CH2CH2Ph, R' -= H. 

T h e  s y n t h e s i s  o f  c o m p o u n d  VII  c a r r y i n g  a p i p e r a z i n e  s u . b s t i t u t e d w i t h  t h e  d i e t h y l e a r b a m o y l  r a d i c a l  in  p o s E -  

t i o n  4 w a s  b r o u g h t  a b o u t  by d i r e c t  c y c l i z a t i o n  of t h e  c o r r e s p o n d i n g  5 - a m i n o - 6 - m e r c a p t o p y r i m i d i n e  w i t h  2 - b r o -  

m o d i m e d o n e  by t h e  m e t h o d  of [1]. 
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The s tar t ing  5 - a m i n o - 6 - m e r c a p t o p y r i m i d i n e  was p r e p a r e d  according to the following scheme" 

N ND~ 1~ HaSH 

C1 z)~ra?-S~04 

=a  ~"b 

We conducted an analogous subst i tut ion reac t ion  fo r  the case  of monoalkyl  or  monoara lky lp ipe raz ines ,  
and did not obtain el iminat ion,  apparent ly  as a r e su l t  of the high bas ic i ty  of both ni t rogen a toms in the p iperaz ine  
der iva t ive .  

In o rde r  to c la r i fy  the influence of the d ia lkylaminoalkyl  f r agmen t  on the biological  p rope r t i e s  of the c o m -  
pounds p repa red ,  a compara t ive  study to check 9-oxote t rahydropyr imidobenzo th iaz ines  containing groups  such 
as OCH 3, N(CH3) 2, and C1 in posi t ion 4 (compounds VIII-X) showed that  the la t t e r ,  as  dist inguished f r o m  c o m -  
pounds I-VII ,  did not show any e lements  of neuro t rop ic  act ivi ty .  

E X P E R I M E N T A L  C H E M I S T R Y  

Genera l  Method fo r  Obtaining Substi tuted 4 - P i p e r a z i n y l - 7 , 7 - d i m e t h y l - 9 - o x o - 6 , 7 , 8 , 9 - t e t r a h y d r o p y r i m i d o -  
benzothiazines  (HI-V]) and the i r  Hydroch lor ides  (I-II ,  I I Ia-VIa) .  To a suspens ion  of 1 g (3.56 mmoles)  of 4-  
chl•r•-7,7-dimethyl-9-•x•-6•7•8•9-tetrahydr•-5H-pyrimid•[4•5-b](••4)benz•thiazine in 50 ml  of t r i e thy lamine  
was added about 4 m m o l e s  of  the cor responding  monosubst i tu ted  p iperaz ine .  The reac t ion  mix tu re  was boiled 
with s t i r r i ng  for  at l ea s t  12 h, cooled, and the p rec ip i t a t e  was f i l t e red  to give I I I -VI  (cf. Table 1). 

Hydrochlor ides  IIIa,  IVa, Via  were  p r e p a r e d  by t rea t ing  a benzene solution of the cor responding  base with 
e the rea l  HC1. The constants  fo r  these  hydroch lor ides  a r e  given in Table 1. 

4-  (N-Diethylcarbamoylpip  e razino) -7,7 -dimethy1-9 -oxo-6,7 ,8 ,9  - t e t r ahydropyr imido[4 ,  5-b] (1,4) benz othiaz ine 
(VID, A. 4 - (N-Di e t hy l ca rbam oy l p i pe r az i ne ) -5 -n i t r o -6 - ch lo ropy r imid ine  (VIIa). To a suspens ion of 5 g of 4,6-  
d i ch lo ro -5 -n i t ropyr imid ine  in 30 ml  of dioxane at 5~ was added a solution of 7 g of N-d i e thy l ca rbamoy lp ipe ra -  
zine in 30 ml  of wate r ,  neu t ra l ized  with acet ic  acid.  The reac t ion  mix tu re  was s t i r r e d  at  less  than 15~ for  
3.5 h, poured  into 500 ml of water ,  and the resu l t ing  oil was ex t rac ted  with ethyl  ace ta te .  The e x t r a c t  was con-  
cent ra ted ,  the res idue  was t r i t u ra t ed  with cyclohexane to give 4 g (4570) of yel low c r y s t a l s ,  mp 95-97~ (from 
cyclohexane).  Found, 7d C 46.02; H 5.72; N 24.31; C1 10.33. C13H19CIN603. Calculated,  7d C 45.55; H 5.58; 
N 24.52; C1 10.34. 

B. 4 - ( N - D i e t h y l c a r b a m o y l p i p e r a z i n y l ) - 5 - a m i n o - 6 - m e r c a p t o p y r i m i d i n e  (VIIb). The preceeding  compound 
(9 g) was added in sma l l  por t ions  to a methanol ic  solution of KSH p r e p a r e d  by sa tura t ing  a methanol ic  solution 
of 2.7 g of KOH with H2S. The reac t ion  mix tu re  was s t i r r e d  for  1 h and evapora t ed  to d ryness .  To the res idue  
was added 120 ml  of 2 N NaOH and to this mix tu re  was added 18 g of Na2S204 (solid) in sma l l  por t ions .  Af ter  
complet ion of the reduct ion,  the reac t ion  mix tu re  was f i l t e red  and acidif ied with acet ic  acid to give 7 g (8570) 
of fine, l ight-yel low c r y s t a l s ,  mp 197-199~ (f rom ethanol).  Found, 70: C 50.39; H 7.14; N 27.28; S 10.30. 
C�94 Calculated,  7d C 50.3; H 7.14; N 27.1; S 10.33. 

4-  (N-Die thy lca rbamoylp ipe raz ino ) -7 ,7 -d ime thy l -9 -oxo-6 ,7 ,8 ,9 - t e t r ahydropyr imido[4 ,5 -b ]  (1,4) bonzothia-  
zinc (VII). To a solution of 1 g of 4 - ( N - d i e t h y l c a r b a m o y l p i p e r a z i n y l ) - 5 - a m i n o - 6 - m e r c a p t o p y r i m i d i n e  in 30 ml 
of methanol  containing 0.8 g of KOH was added a solution of 0.71 g of b romodimedone  in 20 ml  of methanol and 
the mix tu re  was s t i r r e d  f o r  12 h. The solution was concentra ted ,  and the res idue  was t r ea t ed  succes s ive ly  with 
dilute HC1 and ethyl ace ta te .  The p rec ip i t a t e  was f i l t e red  and r e c r y s t a l l i z e d  f r o m  methanol to give 0.7 g (50%) 
of orange solid,  mp 211-213~ (from alcohol).  Found, 7d C 58.57; H 7.02; N 19.52. C 58.58; H 7.10; N 19.68. 
C21H3eN~O~S. Calculated,  ~d C 58.57; H 7.02; N 19.52. 

E X P E R I M E N T A L  P H A R M A C O L O G Y  

The study of compounds I - X  was conducted in a s e r i e s  of t e s t s  to show neurot ropic  (psychotropic) act ivi ty 
on the following sys t ems"  influence on the cen t ra l  ad renerg ic  and dopaminerg ic  [ interact ion with phenamin 
(phenocoll), t e t rabenaz in ,  L-DOPA, apomorphine] ,  s e ro ton ine rg ic  ( interact ion with 5-hydroxyt ryptophan) ,  and 
chol inergic  ( interact ion with arechol ine  and nicotine).  

In addition, the influence of the compounds on the ca ta lepsy  produced by t r i f taz in  ( t r i f luoperazine) ,  on the 
sedat ive  action of hexenal  (hexobarbital) ,  on the b ioe lec t r i ca l  act ivi ty  of the bra in ,  and on the conditioned r e -  
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TABLE 1. Der iva t ives  of 4 - P i p e r a z i n y l - 7 , 7 - d i m e t h y l - 9 - o x o -  
6 ,7 ,8 ,9 - te trahydropyr imido[4 ,  5-b] (1,4) benzothiaz ines  (III-VD and 
Their  Hydrochlor ides  (I, II, Ilia, V, Via) 

O ~ C 

I 661276--8] 53,4  
l~t  872~6-71 62,o 

80 162--4 60,4 
lIla 83 "2>300 50,2 

IV 63 194--5  63,1 
IVa 781270--1 --  
V 75 170--2  66 ,7  
Va 81 255- -7  

87 157--9 VIvIa 85 272- -4  65,9  

Found, % 

H N 

6 ,5  18,5 
6 ,5  16,9 
7 ,3  19,8 
6 .7  16 
6 ,9  15,7 

6 ,5  15,6 

6 ,5  16,2 

cI Empirical formula 

9,7  C17He~N~SO" HC1 
8 ,8  C,sH2~N~SO2. HCI 

C:t~H ~5 N6 SO 
~,3 Cs HCI '2 HoO 

C~H~N~SO .H20 " 
~,8 C2, H2:N~SO. HoO. HC1 
- -  C2~H~NsSO " 
7 ,9  C25H~NsSO. HCI 

C24H2oN~SO 
7, 3 C~H2~NsSO- HCI 

Calculated,% 

C H 

53,5  6 ,3  
52,5  6 ,7  
60,2  7 ,0  
59,2 7 ,9  
52,9  6 ,6  

6EI ~,5 
667~ ~,7 

N CI 

18,3 9 ,3  
17,0 8 ,6  
19,5  
16,2 8 ~  
15,9 --  
1~,7 7 ,4  

--  7 ~ 4  
16,2 7 ~  

* Compounds I, II, IV, and VI were  purif ied by recrys ta l l i za t ion  
f r o m  alcohol;  compound HI f rom ether .  

Compound III was  prepared  by conducting the substitution r e -  
act ion in i sopropanol .  

flexes was studied. The acute toxicity of the compounds also was studied. Experiments were carried out on 
white m i c e  of both s e x e s  (weight 16-17 g), Wistar  rats  weighing 100-120 g, and cats  and rabbits weighing 2.5-  
3kg.  

It was determined that the compounds containing OCH~, N(CH3) 2, or C1 (VIII, IX, X) in position 4 were all 
of low toxicity. 

Compounds I-VII containing the p iperaz inyl  group in the 4 -pos i t ion  showed s o m e  degree  of central  neuro -  
pharmacological activity. 

The most activity was shown by all compounds on the symptomatology stimulated by apomorphine on white 
rats. However, the compounds differed from each other in the force and direction of their action. 

Compounds I and V, introduced orally in a dose of 25 mg/kg  lengthened the symptomatology by 20-30~a 
but II, VII, VII, and particularly III and IV weakened it. Also, by oral introduction in rats of a dose of 25-50 
mg/kg ,  compounds HI and IV shortened the symptomatology elicited by apomorphine by 45-50%. 

Compounds I (10 mg/kg,  subcutaneously) and VII (50 mg/kg,  orally) diminished the hyperthermic action 
of phenamine in mice. Compound V (25 rag/leg, orally), on the contrary, strengthened the phenamine action, 
and also weakened the hypothermia and blepharoptosis elicited by tetrabenazine in mice. 

Compounds V and VI (25-50 mg/kg,  orally) increased the number of "shaking" heads in mice elicited 
by 5-hydroxytryptophan by 100-125%; i.e. ,  showed central serotonin-opposition activity, while compounds I and 
VII (100 mg/kg ,  orally) showed central antiserotonin action, which was expressed by diminishing the number 
of head "shakes" by 45%. 

Compounds I and HI (5-10 mg/kg ,  intravenously) produced convulsive activity in the EEG of cats and rab- 
bits, and facilitated the production of conditioned reflex activity in rats. Compounds V, VI, VIII showed a syn-  
chronizing effect of the EEG. In the remaining tests ,  the compounds were shown to be only slightly active. 

Thus, we studied der ivat ives  of 9 -oxo-6 ,7 ,8 ,9 - te trahydropyr imido[4 ,5 -b] (1 ,4 )ben~oth iaz ines  containing a 
piperazinyl group in position 4 which showed psychotropic activity which is most significant for compound V 
(experiments in mice showed that it strengthened the hyperthermic activi .~ and weakened the hypothermia and 
ptosis caused by tetrabenazine, lessened the number of head "shakes" in mice caused by 5-hydroxytryptophan, 
and extended the symptomology in rats elicited by apomorphine). The activity spectrum of V resembles that 
of the tricyclic antidepressants, but it is more active than the "classical" antidepressants (imipramine, ami- 
trypzyl ine ,  etc.) .  

The LDs0 in white m i c e  was  determined:  for  I, 235 m g / k g  (subcutaneously) ,  290 m g / k g  (orally); for  II, 
410 m g / k g  (subcutaneously) ,  480 m g / k g  (orally); the absence  of s ignif icant  d i f ference  in the toxicity by sub-  
cutaneous and oral  introduction indicates  the good absorption of the compounds.  The remaining compounds 
were  introduced oral ly  and the LDs0 were:  for  III, 142.5; IV, 435; V, 575; VI, 750; VII, 780; and for  VIII, IX, and 
X, greater than 1000 mg/kg.  
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The synthes is  of new compounds containing the s t ruc tu re  of mercap toe thy l amine  is a p romis ing  d i rec t ion  
in the s e a r c h  for  new synthet ic  rad iopro tec t ive  agents .  It  is known that the introduction at the ni t rogen a tom of 
mercap toe thy lamine  of aminoalkyl  [1] and adamantyl  [2] subst i tuents  contr ibutes  a s t rengthening of the an t i -  
radia t ion action. 

The synthes is  has been c a r r i e d  out and the rad iopro tec t ive  p r o p e r t i e s  have been studied fo r  the adamantyl  
subst i tu ted compounds of genera l  fo rmula  (1). 

A dX (CH 2) n X' NH (CH2) mSR 
I 

Ad ~adaraantyl-1; X = NH, CH2; X' ~ CH 2, CO; 
R = H, PO3H2, C(=NH)NHz-HBr; n = 0,1; m ~ 2,3 

The initial N- (adaman ty l -1 - ) ch lo roace t amide  (Ha), N - ( a d a m a n t y l - l - m e t h y l ) c h l o r o a c e t a m i d e  (IIb), and N- 
(adamanty l -1 ) -3 -ch loroprop ionamide  (He) were  obtained by the known method of [3]. The aminoalkyl  chlor ides  
(IIa, b) were  conver ted  by reac t ion  with aminoethanol  (]IIa) and 3-aminopropanol  (II]b) into N- ( adaman ty l -1 ) -2 -  
(2-hydroxyethylamino)acetamide  (IVa), N- (adaman ty l -1 ) -2 - (3 -hydroxypropy lamino)ace t amide  (IVb), I~-(ad- 
a m a n t y l - l - m e t h y l ) - 2 - ( 2 - h y d r e x y e t h y l a m i n o ) a c e t a m i d e  (IVc), and N - ( a d a m a n t y l - l - m e t h y l ) - 2 - ( 3 - h y d r o x y p r o p y l -  
amino)acetamide  (IVd) isola ted as the hydroeh lo r ides .  It was shown with the aid of PMR s p e c t r a  that d ia lkyla-  
tion took place at a smal l  excess  of alcohol (Ill) [for example ,  at H I / I I  = (1-2.5):1] which was detected by the 
i nc rea se  in the num ber  of protons  of the adamantane  nucleus in re la t ion  to the n u m b e r  of protons of the alkylene 
groups .  At a 3-5- fo ld  quantity of hydroxya lky lamine  (HI) p rac t i ca l ly  pure  monoalkylat ion products  (IV) were  
obtained. React ion was c a r r i e d  out in boiling isopropyl  alcohol for  4-8 h. 

On in terac t ing  (Hc) with hydroxyamine  (HIa) no alkylat ion product  was obtained but the N - ( a d a m a a t y l - 1 ) -  
ac ry l amide  (V), i .e. ,  under  these  conditions in the p r e sence  of base  (Ilia) dehydrohalogenat ion occu r r ed  as is 
cha r ac t e r i s t i c  of f i-halogen de r iva t ives .  The IR and PMR s p e c t r a  of the i so la ted  product  (V) were  identical  
with the l i t e ra tu re  data of [4]. 

The hydrochlor ide  of l~- (adamanty l -1) -3- (2-hydroxye thy lamino)propionamide  (IVe) was  synthes ized  by the 
R i t t e r  r eac t ion  f r o m  a d a m a n t a n - l - o l  and 3- (2-hydrexye thy lamino)propion i t r i l e  in the p r e s e n c e  of t r i f l uo ro -  
acet ic  acid [5]. 

The re  were  absorpt ion  bands in the IR s p e c t r a  of amides  (IVa-e) in the reg ion  of 3360-3460 cm -1 c h a r -  
ac t e r i s t i c  of hydroxyl  groups ,  at 3280-3100 cm - I  cha r ac t e r i s t i c  of bIH groups ,  and at 1655-1680 and 1555-1580 
cm -1 ass igned  to amide I and amide II. 

Insti tute of Biophysics ,  Minis t ry  of Public Health of the USSR, Moscow. Trans la t ed  f r o m  K h i m i k o - f a r -  
ma t sev t i ehesk i i  Zhurnal ,  Vo l .  17, No. 10, pp. 1192-1197, October ,  1983. Original  a r t i c l e  submi t ted  May 10, 
1983. 

716 0091-150X/83 /1710-  0716507.50 �9 1984 Plenum Publishing Corpora t ion  


