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The ant imetabol i tes  of folic acid - a m i n o p t e r i n  and metho t rexa te  - a re  widely used for  the medical  
t r ea tmen t  of mal ignant  neop lasms .  The mechan i sm of action of these  compounds is assoc ia ted  with the 
inhibition of dihydrofolate  reduc tase  (DFR) with the help of which the convers ion  of folic acid into i ts  
coenzyme form,  te t rahydrofol ic  acid,  is  achieved.  The l a t t e r ,  as is  known, is  the c a r r i e r  of one-ca rbon  
units and par t ic ipa tes  in the synthes is  of such v i ta l ly - impor tan t  compounds as amino acids and pyr imid ine  
and puriue bases .  However ,  aminopter in  and metho t rexa te  a re  highly toxic. The therapeut ic  effect  is 
genera l ly  attained on using doses  which cause  the development  of a secondary  action (depress ion of the 
act ivi ty  of bone mar row ,  ulcerous  s tomat i t i s ,  d i a r rhea ,  etc.) [1]. 

With the object  of sea rch ing  for  new folic-acid antagonists  possess ing  a g r e a t e r  se lec t iv i ty  of action 
towards  the tumor  p r o c e s s  than the known compounds,  a s e r f e s  of pyrimido(4,5-b)(1,4) thiazine de r iva t ives  
was p repa red  [2, 3]. The bicycl ic  s y s t e m  of pyrimido(4,5-b)  (1,4) thiazine di f fers  f rom pter idine ,  which is the 
f r a m e w o r k  of the s t ruc tu re  of folic acid, by the p r e s e n c e  of the 1 ,4- thiazine ring in place of the pyraz ine  
ring. One might  expect  that the substi tution of a ni t rogen atom by a sul fur  a tom while re ta ining in the mol-  
ecule the functional groups which a re  respons ib le  in folic acid for  the rea l iza t ion  of the enzymic  reac t ions  
would lead to the development  of compounds having ant imetabol ie  p rope r t i e s .  In connection with this we 
have studied in the p r e s en t  work the effect  of pyr imidoth iaz ine  de r iva t ives  on the enzymes  of folic metabo-  
l i sm ,  and the data obtained concerning the inhibiting act ivi ty  of compounds have been co r re l a t ed  with their  
s t ruc tu re .  

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

A s s a y s  of the pyr imidothiaz ine  de r iva t ives  we re  c a r r i e d  out by the method desc r ibed  previous ly  [4] 
with ce r ta in  modificat ions of the enzyme which was isolated f rom ra t  l iver .  Male r a t s  of weight 120-140 g 
were  killed by decapitat ion,  the l i ve r s  w e r e  removed ,  and homogenized in the cold in 0.05 M po tass ium-phos -  
phate  buffer  at pH 7.4 in the ra t io  1 : 4. The homogenate  was centr i fuged in a r e f r i ge r a t ed  centr i fuge at  
16,000 rpm for  15 rain, and the superna tant  liquid was precipi ta ted  with ammonium sulfate at 70% saturat ion.  
Af te r  cen t r i fuging  (15 rain at 16,000 rpm) the prec ip i ta te  was dissolved in buffer  andd ia lyzed  for  2 h 
agains t  the s a m e  buffer .  The d ia lyza te  which contained DFR was used fo r  evaluating the inhibiting action 
of the pyr imidothiaz ine  de r iva t ives .  This enzyme prepara t ion ,  which is  fa i r ly  s table ,  withstands s to rage  
at - 1 8  to -20~ for  1 month. The dependence of the act ivi ty  of the obtained DFR on the pH of the medium 
has been studied by us. The data a re  presented  in Fig. 1. The g r e a t e s t  act ivi ty  is  sho~vn at pH 5.7. 

In o rde r  to de te rmine  the inhibiting act ivi ty  of the pyr imidothiaz ine  de r iva t ives  in r ega rd  to DFR the 
enzyme p repa ra t ion  was incubated in the p r e s e n c e  of the subs tances  being t e s t e d .  

Included in the composi t ion of the incubation mix ture  we re  0.05 M pH 5.7 c i t ra te  buffer  (1.1 ml); man-  
ganese  chlor ide t e t rahydra te  (0.1 pmole  in 0.1 ml [19.8 mg in 1 ml]); n icot inamide (0.073 pmole  in 0.1 ml 
[90 mg in 1 ml]); folic acid (0.5 pmole  in 0.1 ml [4.25 mg in 2 ml of 1% sodium-bicarbonate  solution]); 
NADP-H (0.45 /~mole in 0.1 ml [3.8 mg in 1 ml]); the compound being tested was at a concentra t ion of 1 "10 -5 
to 1 �9 10 -7 m o l e / l i t e r  (10-0.1 mole) ; enzyme p repara t ion  (0.2 ml  [protein2-5 mg])o The total vo lumewas  1.8 ml.  
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Fig. 1. Dependence of activity of DFR on pH of medium. Along the absc issa  is pH 
of medium; along the ordinate is the activity of DFR (in extinction units). 

Fig. 2. Effect of pyrimido(4,5-b)(1,4)thiazine on the activity of DFR. Along the ab- 
sc i s sa  is the concentrat ion of the compound (in moles / l i t e r ) ;  along the ordinate is the 
depress ion  of DFR activity (in %). 

The incubation was ca r r i ed  out at 37 ~ for  2 h; af ter  this up to 1.8 ml of 10% tr iehloroacet ic  acid was 
added to all samples ,  and the precipi tate  was separated by centrifuging. 

The activity of the DFR was determined by a co lor imet r ic  method based on the fact that the te t ra-  
hydrofolic acid which forms as a resul t  of the enzymic reaction decomposes  in acid medium with the 
re lease  of p-aminobenzoylglutamie acid. The lat ter  is diazotized, the diazonium salt  coupled with naph- 
thylethylene diamine, and the obtained colored solution analyzed color imet r ica l ly .  If under the influence 
of the compound the enzymic react ion is re tarded,  then the quantity of p-aminobenzoylglutamic acid is 
correspondingly reduced. 

For  the azo-coupling react ion 0.8 ml of centrifugate was taken and 0.8 ml of 0.1% aqueous sodium- 
ni t ra te  solution, 0.8 ml of 0.5% aqueous ammonium-sulfamate  solution, and 0.8 ml of a 0.1% aqueous 
naphthylethylene-diamine solution were  added to it. Within 10 min the sample was analyzed co lor imet r ica l ly  
on an F~K with a green fi l ter.  By comparing the resul ts  of the control and experiment  f rom this co lo r im-  
e t ry  the action of the compounds on DFR was  judged. The pyrimidothiazine derivat ives were also studied 
on DFR which was chromatographed on DEAE-cel lulose.  In this case the inhibiting action of the compounds 
under study was determined by a spect rophotometr ic  method from the consumption of NADP �9 H as the hydro-  
gen source  in the enzymic reaction [5]. Aminopterin in a quantity of 4.5" 10 -7 mole wMch produced 100% 
inhibition of the enzyme was used in this as a standard. The experiment with the purified enzyme was ca r -  
t ied out at pH 6.8-7.4. 

Three groups of compounds (see Table 1) have been studied by us through these methods. The 
pyrimido(4,5-b)(1,4) thiazin-6-ones (I-VIII) belong to the f i rs t  group, and are crysta l l ine  substances of 
white (II, III, V-VIII), yellow (T), and c r e a m  (IV) color ,  poorly soluble in water  and highly soluble in aqueous 
alkalies.  The 6-aminopyrimidothiazines  (IX-XIII) are  included in the second group. These compounds are  
white crys ta l l ine  substances and form hydrochlor ides  WMch are  highly-soluble in water .  The compounds 
with the opened thiazine ring (XIV-XVIII) are  combined in the third group. These are  white crysta l l ine  
substances soluble in water .  In the experiments ,  compounds I-VIII were used as aqueous solutions of their  
potass ium salts,  compounds IX-XIII as aqueous solutions of their  hydrochlor ides ,  compounds XIV and XV 
as aqueous solutions, and XVI and XVII as solutions in acid buffer. 

About 60 compounds were  studied with DFR, some of the data obtained being given in Table 1. As is 
evident f rom Table 1 a number  of the pyrimidothiazine derivat ives  possess  a high inhibiting ability and at 
a concentrat ion of 1 �9 10 -6 mole / l i t e r  suppress  the activity of the enzyme by 60-95%. This is foremost  for 
2 -amino-4 ,6-d ioxo- ,  4 ,6-dioxo- ,  and 4-alkoxsr-6-oxopyrimidothiazinone (I-HI), which are  straight  thio 
analogs of the s imples t  pteridines (for example, xanthopterin) and contain in positions 2 and 4 of the py r im-  
idine r ing substituents also occur r ing  in folic acid. The most  active compound f rom this group, 4,6-dioxo- 
7-carbethoxypyrimidothiazinone (IV), suppresses  the activity of the enzyme by 90% at a concentrat ion of 
1 "10 -6 mole / l i t e r .  The presence  of a CH3S group in position 4 leads to a significant lowering of activity 
(VIII). The inhibiting action is retained for the pyrimidothiazines having an amino group in position 6 of the 
pyrimidothiazine bicycle (IX-XIII). 4-Methylamino-6-aminopyr imidothiaz ine  (X) possesses  the most  activity 
in this group, inhibiting the activity of the enzymes by 60% at a concentrat ion of 1 �9 10 -5 mole / l i te r .  If  
CH3S , CH3, NH2, and N(CH3) 2 groups are  located in position 4 of the molecule,  then the inhibiting action of 
the substance is reduced. 
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TABLE 1. Effect  of Pyr imido(4,5-b)(1 ,4) thiazine Der iva t ives  on 
the Activi ty of Dihydrofolate Reduc~ase (DFR) 

Genera l formula i 
RI �9 R* 

Suppression of DFIL % 
~-~n~ DFR Chromato- 
prepara- ~raDhed on 

Ition ~ ~)E/~E -ce,l~ulose 
~" ,. ~ ..... r "' 

~[ conc~ntra- ~o 
l ~ , o  =I  t i ono f  ] '~  
I ~ ~ I ~ compound I o 

[ - l i i  - S liter) , ] ~  

~ o 

Aminop-[ _ 

terin I I NH, OH 

ii]i I 1 H OH 
H OCH, 

IV H OH 
V H OCHs 

VI H OCH, 
v i i  OH OH 
VIII H I SCH~ 

i 

I X  H t SCH3 
X H NHCH~ 
XI H N (CH,)~ 

XlI  H NH2 
Xl I I  NH~ CH~ 

Hx-.C/CH~ XIV H NH,  

XV H N (CH~)~ 

XVII OCH~I COCHa 
XVII I OCH~ |COCONH~ 

X VIII  I N H. / H 

H 
H 
H 
CO,CtH. 
COtC,H, 
CH,CO,C,H~ 
H 
H 

~0-- I001 

70 ' 
60 
60 
95 
6O 
55 
47 
0 

NH, 60 25 
NHt  15 
NH~ 15 

NH z 20 

- -  30  10 

- -  15 5 

CDNH~ 3~ 
CN 

4 . 5 , 1 0  _7 `  

t ,01 - l0 -'~ 
1 , 0 1  -10  - 7  

1 ,01 ,10  - 7  
0 ,78  �9 10 - 7  

0 , 7 8 . 1 0  _7  
0 , 6 f i ,  10 _7  
I , 01  - | 0  - 7  

I 109 

i00 
50 

100 

60 --  100 
100 
70 

I00 

0 , 8 . 1 0  _7  ( I00 
0 , 7 - 1 0  - 7  100 

0 , 7 , 1 0  _7  100 
0 , 7 8 . 1 0  - 7  50 
0 .86 .10  - 7  40- -50  

1 , 3 .  10 - 7  60 

- -  m 

It is in te res t ing  to note that the compounds f rom which the sulfur  a tom is r emoved  (XIV, XV) a re  
l e s s  ac[ive in compar i son  with the analogous pyr imidothiaz ine  der iva t ives .  Opening the thiazine ring, while 
re ta ining in the molecule  the exocycl ic  ni t rogen and sulfur  a toms  (compounds XVI, XVII, and XVIII), l eads  
to a loss  of act ivi ty with r e s p e c t  to DFR. 

Cer ta in  of the substances  f rom the three groups  specif ied above were  studied at three  concentra t ions .  
The data obtained during this a re  depicted graphica l ly  in Fig. 2. At the concentra t ions  studied the p y r i m i -  
dothiazinones (II and IV) and 6-aminopyr i tn idoth iaz ine  (X) pos se s sed  the g r e a t e s t  act ivi ty and the subs tances  
with the opened thiazine ring (XIV, XV, and XVI), the leas t .  The pyr imidoth iaz iae  de r iva t ives  ,zere a lso  
studied on DFR chromatographed  on DEAE ce l lu lose .  The pyr imidothiaz inones  (I, III-VII) and the 6 -amino -  
pyr imidoth iaz ines  (IX-X/) a lso  showed a high inhibiting act ivi ty in this case ,  while the pyr imidy lace tamid ine  
(X/V) exer ted  a weak action on this enzyme.  

Thus,  the resu l t s  of the studies c a r r i ed  out have shown that the changes introduced into the pter idine  
molecule  have led in the compounds studied to the appearance  of inhibiting p rope r t i e s  with r e spec t  to DFR. 
These  data have indicated a s i m i l a r  m e c h a n i s m  of action for  pyr imidoth iaz ines ,  aminopter in ,  and m e t h o t r e x -  
ate. F u r t h e r m o r e ,  the pyr imidothiaz ine  de r iva t ives  we re  studied in the enzyme s y s t e m  aminopter in  enzyme 
(EAP). This enzyme is capable  of reducing aminopter in  to d ihydroaminopter in  and te t rahydroaminopte r in  
and thereby el iminat ing i ts  inhibiting action in r e s p e c t  of DFR and the an t i tumor  act ivi ty [6]. It  was found 
that 6 -aminopyr imido th iaz ines  inhibit  not only DFR, but a lso  the EAP which inact iva tes  aminopter in .  The 
data obtained afford a bas i s  for  consider ing pyri inidothiazine de r iva t ives  as a new in teres t ing  type of folie-  
acid antagonist .  
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