
1-Pheny l -3 -oxo-4-methy ld ihydro th ieno[3 ,4 -b ] indo le  (XX-VI). A 0.7-g (0.0025 mole) sample  of I I - h y d r o -  
ch lor ide  was ref luxed in 20 ml  of alcohol and 5 ml  of concent ra ted  HC1 for  4 h, a f te r  which the mix tu re  was  
cooled to p rec ip i t a t e  XXVI {Table 3) with Rf 0.56. 

The s ame  method was  used  to p r e p a r e  XXVII and XXVI~. 

B i s (1 -me thy l -2 -hydroxymethy l -3 - indo ly lpheny lme thy l )  Sulfide (XXIX). A 1.4-g (0.005 mole) sample  of 
XXVI was  reduced  in e the r  with 0.40 g (0.012 mole) of LiA1H 4. Af te r  decomposi t ion  of the e x c e s s  LiA1H 4 with 
wa te r ,  the p rec ip i t a t e  was  r em oved  by f i l t ra t ion ,  and the e ther  l aye r  was dr ied with anhydrous Na2SO 4 and 
evapora ted  to give XXIX, which was  c rys t a l l i zed  f r o m  cyclohexane.  The yield of product  with mp 75~ was 
0.78 g (56%). Found: N 5.2; S 6.0%; C34H32N2SO 2. Calculated: N 5.8; S 6.0%. 

2 - (1 -Methy l -2 - indo ly l ) -4 -me thy l th i azo !e  Hydrochlor ide  (XXX). A 1.37-g (0.01 mole) sample  of b r o m o -  
acetone was added to 1.92 g (0.01 mole) of th ioamide I in 15 ml  of ethanol sa tura ted  with HC1, a f te r  which the 
=mixture was ref luxed fo r  5 min.  It was  then cooled to p rec ip i ta te  2.4 g (86%) of XXX with mp 215~ ( f rom a l -  
cohol). Substance XXX was not affected by refluxing in HClo The 2 - (1 -me thy l -2 - indo ly l ) -4 -me thy l th i azo le  
b a s e  is  incapable  of fo rming  acetyl  de r iva t ives  under  the influence of acet ic  anhydride.  Found: C1 12.6; N 4.9; 
S 11.0%. C14H10NS-HC1. Calculated: C1 12.7; N 5~ S 11.4%~ 

1. 
2. 
3. 
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D E R I V A T I V E S  O F  C O N D E N S E D  S Y S T E M S  B A S E D  ON 

P Y R I M I D I N E ,  P Y R A Z I N E ,  A N D  P Y R I D I N E  

XXXVI.* SYNTHESIS OF PYRIMIDO[4 ,5-b] - I ,4 -THIAZIN-6-ONES 

AND PYRIMIDO[4 ,5-b] -1 ,5 -THIAZEPIN-6-ONES 

A.  F .  K e r e m o v ,  M.  P .  N e m e r y u k ,  
O .  L .  A p a r n i k o v a ,  a n d  T .  S. S a t . n o v a  

UDC 547.859'869'892.07 

Py r imido [4 ,5 -b ] -1 ,4 - th i az in -6 -one  and py r imido [4 ,5 -b ] - i  ,5 - th iazep in-6-one  de r iva t ives  were  
obtained by reac t ion  of 5 - a m i n o - 6 - c h l o r o p y r i m i d i n e s  with thioglycolic  acid and 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 s  with f l -bromopropionyl  chlor ide.  The IR s p e c t r a  of the compounds a r e  
p resen ted .  

We have  p rev ious ly  r epor t ed  the synthes is  of py r imido[4 ,5 -b ] -1 ,4 - th i az in -6 -ones  by reac t ion  of 5 -amino-  
6 - m e r c a p t o p y r i m i d i n e s  with ~ - h a l o  acids [2]. During a biological  study of these  compounds it was obse rved  
that  they inhibit the enzymes  of folic acid me tabo l i sm  and have ant i tumor igenie  act ivi ty  [3]. In this  connection 
we obtained a nu m ber  of new de r iva t ives  and homologs  of p y r i m i d o [ 4 , 5 - b ] - l , 4 - t h i a z i n - 6 - o n e  and invest igated 
some  of the i r  p r o p e r t i e s .  

4 -Alkoxypyr imido th iaz in -6 -ones  IV and V were  obtained by reac t ion  of 4 - a t k o x y - 5 - a m i n o - 6 - c h l o r o p y r i -  
mid ines  I and II with thioglycolic acid. In the reac t ion  of 4 ,6 -d i ch lo ro -5 -aminopyr imid ine  (IID with thioglycolic 
acid both chlor ine  a toms  a r e  r ep laced  by carboxymethyl th io  groups  to give de r iva t ive  VI. This  method fo r  the 
synthes is  of py r imido th i az in -6 -ones  [4] has  an advantage over  the method descr ibed  in [2] with r e s p e c t  to the 
number  of s teps  involved.  

*See [1] for  communica t ion  XXXV. 

S. Ordzhonikidze All-Union S c i e n t • c - R e s e a r c h  P h a r m a c e u t i c a l - C h e m i s t r y  Ins t i tu te ,  Moscow 119021. 
T r a n s l a t e d  f r o m  Khimiya  Gete ro t s ik l ichesk ikh  Soedinenii,  No. 10, pp. 1332-1335, October ,  1977. Original  a r -  
t ic le  submit ted  Apri l  15, 1975; r ev i s ion  submit ted March  4, 1977. 

0009-3122/77/1310-1065507.50 �9 1978 Plenum Publishing Corpora t ion  1065 



Compounds IV and V a re  read i ly  a lkylated to give methyl  de r iva t ives  VII and VHI, in the IR s p e c t r a  of 
which the NH absorp t ion  band p r e s e n t  in the s p e c t r a  of s ta r t ing  IV and V is  absent  and the absorpt ion  band of 
an amide  group (1678-1680 cm -1) is re ta ined.  Oxidation of IV with pe race t i c  acid yielded sulfonic acid XI, the 
s t ruc tu re  of which was proved  by identification with a sample  obtained by oxidation of 4 - m e t h o x y - 5 - a m i n o - 6 -  
me rcap topy r imid ine  (IX) to X and subsequent  deme thy la t i on .  

R R 
H 

. N"~"~'z N " ~  0 CH3, N ~ N H 2  [ 
L~N ~J~cI HSCII2CO'H L~N ~ S ;  " 

l-llI IV-VI 

OCH3 �9 II 

X Xl 

R ClI~ 

N N 

S 

VII, VIII 

l, IV, ",'11 R~OCHa; II, V, VII R=,OC2H~; Ill R-CI; VI R~SCHaCO2H 

F o r  biological  study it was  of i n t e re s t  to obtain py r imido [4 ,5 -b ] - l , 5 - t h i azep in -6 -one  de r iva t ives ,  which 
a r e  homologs  of IV-VL With th is  end in mind,  we obtained the cor responding  6- thiopropionic  acids XII and XIII 
by reac t ion  of IX and 2 , 5 - d i a m i n o - 4 - m e t h y l - 6 - m e r c a p t o p y r i m i d i n e  (X) wi th /~-bromopropionic  acid. An at tempt  
to cycl ize  XII and XIII under  the influence of SOC12 or  POC13 was unsuccessfu l .  We t h e r e f o r e  used the m o r e  
r eac t i ve  haloalkanoic acid ch lor ides  as the carbonyl  component  in this react ion.  Ini t ia l ly  in the case  of IX and 
chloroace ty l  chlor ide we a sce r t a ined  that in acetone containing K2CO 3 pyr imido th iaz in -6 -one  IV, r a t he r  than the 
produc t  of acylat ion of the r ing ni t rogen a tom is  fo rmed .  S imi la r ly ,  2 -amino-4-methy lpyr imido[4 ,5 -b ] [1 ,4 ] -  
th iaz in -6-one  (XIV) was obtained by reac t ion  of X with ch loroace ty l  chlor ide.  Thus under  the indicated con- 
dit ions the 5-NH 2 groups  is  acylated and the SH group is  a lkylated,  and the r ing N( 1 ) a tom does  not par t i c ipa te  
in the reac t ion .  

R' OCH~ 
N~NHCO(CH2)2 Br N~] NH2 Br (CH2)2COCI N ~ N  HCO(CH2 )2Br OCH3 

%As. %Asc.  
IX, X XV XVI 

OCH3 H OCH 3 

R ~ S S 

XVIII IV, XIV XVII 

XIV R-NH2, R'~CH~ 

5-(2-Bromopropionyl )  aminopyr imidine  (XV) was  i so la ted  in the reac t ion  of pyr imid ine  IX with f l -bromopropionyl  
chlor ide.  The a l te rna t ive  s t r u c t u r e s  - products  of aklylat ion and acylat ion of the S or  N0) a toms  - a re  excluded 
by the r e su l t s  of e l e m e n t a r y  ana lys i s ,  by the absence  in the II~ spec t r a  of absorp t ion  of an NH 2 group,  by the 
p r e s e n c e  of absorpt ion  bands of an amide group,  and by the chemica l  t r ans fo rma t ions  of XV. Thus  the reac t ion  
of XV with CH3I gave der iva t ive  XVI, the s t ruc tu re  of which as the SCH 3 r a t h e r  than the NCH 3 der iva t ive  was 
proved  by  the p r e s e n c e  in i ts  PMH spec t rum of the signal of an SCH 3 group (2.62 ppm).  Heating XV in ace to-  
n i t r i le  gave py r imido [4 ,5 -b ] - l , 5 - t h i azep i n -6 -one  (XVII), the s t ruc tu re  of which was proved  by the p r e sence  in 
i ts  IR spec t rum of bands of an amide group (1670 and 3230 cm -1) and by react ions:  l ike cycl ic  l a c t ams ,  XVH 
is readi ly  a lkylated by CH3I to give the 5 -methy l  de r iva t ive  (XIX). The IR spec t rum of XIX does not contain 
the NH band that  is  p r e s e n t  in the spec t rum of s ta r t ing  XVII, but the band of an amide carbonyl  group (1675 
cm -1) is  re ta ined.  Oxida t ionof th iazep inoneXVIIgave  acid XVIII,  the IR spec t rum of which contains,  in addition 
to bands of 802 groups  (1125 cm -1) and a carboxyl  group (1725 cm- t ) ,  bands of an NH 2 group (3380, 3490, and 
1610 cm-1).  The intensi ty  of the bands re la ted  to the NH 2 group d e c r e a s e  marked ly  when acid XVIII is deu te r -  
ated; this con f i rms  the c o r r e c t n e s s  of the above ass ignments .  These  data make  it  poss ib le  to r e j e c t  a l te rnat ive  
s t r u c t u r e s  XX and XXI fo r  acid XVIII and s tar t ing  pyr imidothiazepinone XVII and consequently to exclude the 
poss ib i l i ty  of migra t ion  of the acyl res idue  f r o m  the 5-NH 2 group to the 6 - m e r c a p t o  group under  the conditions 
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of cyclization of XV to XVH: 

?CH3 H OCH 3 

%NX 

XX XXI 

In a preparative respect  thiazepinone XVII is more conveniently obtained without isolation of intermediate XV 
[5]. In this case the reaction product is extracted, after removal of the solvent, by refluxing acetonitrile,  and 
XVII is obtained in 75% yield. 4-Methylthiopyrimido[4,5-b]-l ,5-thiazepin-6-one (XXIII) was similarly obtained 
from 4-methylthio-5-amino-6-mercaptopyrimidine (XX~) and fi-bromopropionyl chloride. 

EXPERIMENTAL 

The IR spectra of suspensions of the compounds were recorded with a UR-10 spectrometer. The PMR 
spectra were recorded with a JNM-4H-100 spectrometer with tetramethylsilane as the internal standard. 

The starting 4-methoxy-5-amino-6-chloropyrimidine (I) was obtained by the method in [6], 4,6-dichloro- 
5-aminopyrimidine (IID and 4-methoxy-5-amino-6-mercaptopyrimidine (IX) were obtained by the method in 
[7], and 2,5-diamino-4-methyl- and 4-methylthio-5-arnino-6-mercaptopyrimidines (X and XXII) were obtained 
by the methods in [8, 9]. 

4-Ethoxy-5-amino-6-ehloropyrimidine (]I). This compound, with mp 54-55~ (from water), was obtained 
in 59% yield by the method in [6] by reaction of 4,6-dichloro-5-aminopyrimidine with sodium ethoxide in ethan- 
ol. Found- C 41.2; H 4.5; N 24.6%. C6HsCIN30. Calculated: C 41.5; H 4.6; N 24.2%. 

General Method for the Preparation of IV, V, VI, and XIV. A) A mixture of 46 mmole of pyrimidines 
I-III, 40 ml of water, 123 mmole of KOH, and 80 mmole of HSCH2COOH was stirred at 90-95~ for 40 rain, 
after which it was cooled to 20 ~ and acidified with HCI. After 48 h, thiazinones IV-VI were removed by filtration. 

B) A mixture of 6.3 mmo!e of IX or X, 7.5 mmole of CICH2COCI , 0.9 g of K2CO3, and 35 ml of dry acetone 
was stirred at 20~ for 16 h, after which the solvent was removed by distillation, and the residue was treated 
with water and neutralized with acetic acid to give thiazinones IV and XIV (see Table I). 

General Method for the Preparation of VII, VIII, and XIX. Methyl iodide (4 ml) was added to a solution 
of 11.4 mmole of IV, V, or XVII in 40 ml of ethanol containing 0.9 g of KOH, and the mixture was heated to 70- 
75~ and stirred for 5 h. It was then filtered, and the filtrate was evaporated to dryness. The residue was ex- 
tracted with boiling ether, the solvent was removed by distillation, and the residue was triturated with water 
to give 5-N-methyl derivatives VII, VIII, and XIX (see Table I). 

General Method for the Preparation of XII and XIIL A solution of 6.5 mmole of p-bromopropionic acid 
in 20 ml of methanol was added to a solution of 6.4 mmole of IX in 40 ml of methanol containing 0.8 g of KOH, 
and the mixture was stirred at 20~ for 5 ho The solvent was removed by vacuum distillation, and the residue 
was dissolved in water. The aqueous solution was acidified to pH 4-5 with hydrochloric acid and extracted 
with ethyl acetate. The extract was evaporated, and the residue was triturated with ether to give thiopropionic 
acids XII and XIII (see Table I). 

4-Oxo-5-amino-3,4-dthydropyrimidine-6-sulfonic Acid (XI). A) A 3.5,mi sample of 30% H202 was added 
to a solution of 2 g of IV in 7 ml of glacial acetic acid, and the mixture was allowed to stand at room tempera- 
tur for 20 days. The resulting precipitate was removed by filtration to give X, with mp 250-251~ (from water), 
in 32% yield. IR spectrum: 1712 (amide CO), 1255 (S-O), and 3350 and 3467 cm -I (NH2). Found: C 24.9; H 2.9; 
S 16.6%. C4HsN304S. Calculated: C 25.1; H 2.6; S 16.8%. 

B) A mixture of 1 g of X and i0 ml of 12% HCI was refluxed for 30 rain, after which it was cooled to 1-3~ 
and the precipitate was removed by filtration to give acid XI. The IR spectra of the samples of XI synthesized 
by methods A and B were identical. 

4-Methoxy-5-aminopyrimidine-6-sulfonic Acid (X). A 4-ml sample of 30% H202 was added dropwise with 
ice Cooling to a solution of 2 g of IX in I0 ml of glacial acetic acid, and the mixture was stirred at this temper- 
ature for 3 h and at 20~ for 48 h~ The precipitate was removed by filtration and washed with water to give 
acid X, with mp 212-214~ (from water), in 41% yield. IR spectrum: 1240 (S-O) and 3340 and 3470 cm -I (NH2). 
Found: C 29.1; H 3.5; N 20.5; S 15.8%. CsHTN304S. Calculated: C 29.3; H 3.4; N 20.8; S 15.6%. 
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TABLE 1. C h a r a c t e r i s t i c s  of the Synthesized Compounds 

C o r n  - 
pound 

! 

IV' 
V 

VI 

VIII 
XIX 

XVII 
XXIII 

XII 
XIII 

mp, ~ 

ili iii ' 
>300 

129--130 
110--112 
115--117 
160--162 
199--201 
85--87 

154 

45,2 

45,7 
48,0 
48,4 
45,7 
42,1 
41,8 
42,1 

Found, % 
H N 

4,1 20,2 

4,~ 19,9 
,t,7 18,7 
5,1 18,8 
4, ~, 19,9 
4,( 18,4 
45 18,1 
5,~ 24,9 

Empirical 
formula 

CTHTN302S ~ 
15,4 C8I-I9N302S 

Cat I6NsOaSi~ 
CvHsN4OS :~ 

15,4 CsHgNa02S 
14,1 C~HHNsO2S 
14,1 C~I-1~N302S 
15,0 C~H~N30.~S 
27,9 CsI-I~N30.~S 
--- CsIllLNsOaS 
-- CaII~mN40'~S 

Calculated, % 
G ] It N I 

45,5 I 4,3 19,9 
48,0 [ 4,9 18,6 
48,0 / 4,9 18,6 
45,5 / 44 19,9 
42,3 | 4,0 18,5 
41,9| 4,8 18,3 
42,0 [ 5,3 24,6 / 

Yield, 
s ~o 

83 
15,2 60 

3O 
7O 

15,2 63 
14,2 81 
14,2 47 
15,2 70 
28,2 70 
- -  67 
- -  I 61 

*Compounds IV, XVII, XIX, and XXIII were  purif ied by r e c r y s t a l -  
l i z a t i on f rom alcohol,  VI was pur i f ied by rep rec ip i t a t ion  f r o m  aque-  
ous NaOH solution by  the addition of hydrochlor ic  acid,  XIV was 
pur i f ied  by r ec rys t a l l i za t ion  f r o m  DMF, V was pur i f ied by r e c r y s -  
ta l l iza t ion f r o m  aqueous alcohol,  VII and XIX were  purif ied by r e -  
c rys ta l l i za t ion  f r o m  e ther ,  and XII and XIII were  pur i f ied by r e -  
c rys ta l l i za t ion  f r o m  wate r .  

4 -Me thoxy -5 - f l - b rom oprop i ony l am i no -6 -mereap topy r imid ine  (XV). A mix tu re  of 1 g (6.3 mmole)  of IX, 
0.9 g (6.5 mmole)  of K2CO3, 1.3 g (6.8 mmole)  of Br(CH2)2COC1 , and 100 ml  of d ry  acetone was s t i r r e d  at 20~ 
fo r  2.5 h, a f t e r  which the p rec ip i t a t e  was r emoved  by f i l t ra t ion  and ex t rac ted  with boiling alcohol.  The alcohol 
ex t r ac t  and the acetone f i l t r a te  we re  combined and evapora ted  to d rynes s ,  and the res idue  was r ec ry s t a l l i z ed  
f r o m  alcohol to give XV in 70% yield.  The product  did not have  a definite mel t ing  point.  IR spectrum: 1672 
(amide CO)and  3220 and 3260 cm -1 (amide NH). Found: C 33.2; H 3.6; B r  27.0; N 14.7; S 11.1%. CsH10BrN302S. 
Calculated: C 32.9; H 3.4; B r  27.3; N 14.4; S 11.0%. 

Genera l  Method fo r  the P r e p a r a t i o n  of XVII and XXIII. A mix tu re  of 6.3 m m o l e  of IX, 0.9 g of K2CO3, 
6.8 m m o l e  of Br(CH2)2COC1 , and 100 m l  of d ry  acetone was s t i r r ed  at 20~ for  6 h, a f t e r  which the prec ip i ta te  
was r emoved  by f i l t ra t ion  and ex t rac ted  with boiling ace toni t r i le  (two 50-ml  port ions) .  The ex t r ac t s  were  evap-  
ora ted  to d rynes s ,  and the res idue  was  t r e a t ed  with wa te r  and r emoved  by f i l t ra t ion to give thiazepinones X V I I  
and XXIII (see Table  1). 

2 - (4 -Methoxy-5 -amino-6 -pyr imidy l ) th ioprop ion ic  Acid S,S-Dioxide (XVIII). A mix tu re  of 1 g of th iaze -  
pinone XVII, 3.5 m l  of g lac ia l  acet ic  acid,  and 1.9 ml  of 30% H202 was main ta ined  at 20~ fo r  20 days ,  a f t e r  
which the p rec ip i t a te  was  r em oved  by f i l t ra t ion  to give XVIII, with mp 160-163~ (from water ) ,  in 36% yield.  
IR spec t rum:  1125 (S -O) ,  1725 (COOH), and 3380 and 3490 cm -1 (NH2). Found: C 36.5; H 4.1; N 16.6; S 12.4%. 
CsHI1N3OsS. Calculated: C 36.8; H 4.2; N 16.1; S 12.3%. 
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