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4 -Amino(desoxy) -10 -me thy lp t e roy l -L -g lu t amic  acid (amethopter in  [1], metho t rexa te  [2]) i s  an ant i -  
metabol i te  of p t e r o y l - L - g l u t a r i c  (folic) acid. Inhibiting reac t ions  assoc ia ted  with me tabo l i sm  of nucleic 
ac ids  in the o rgan i sm the compound is  used in cancer  chemotherapy  [3]. I t s  synthes is  f rom 2, 4, 5, 6 - t e t r a -  
aminopyr imidine ,  p - m e t h y l a m i n o b e n z y l - L - g l u t a m i c  acid, and 2 ,3-dibromopropionaldehyde is  known [1], 
f rom which the in te rmedia te  dihydro fo rm of p te r ine  is  fo rmed;  this condensation i s  accompanied  by nu- 
m e r o u s  side reac t ions .  

We have synthesized 4-amino(desoxy)-10-  m e t h y l p t e r o y t - L - g l u t a m i c  acid (IV) by a one-s tep,  t h r ee -  
component  condensation of 2 ,4 ,5 ,6 - te t raaminopyr imid ine  (I), the b a r i u m  (or disodium) salt  of p - m e t h y l -  
aminobenzoy l -L-g lu tamic  acid (III), and 1 ,1 ,3- t r ich loroace tone  (II), the use  of which as  the t h r e e - c a r b o n  
component  of the condensation excludes fo rmat ion  of in te rmedia te  p ter ine  dihydro f o r m s  and guaran tees  
a m o r e  unambigous reac t ion .  The condensation is  c a r r i e d  out in the p r e sence  of sodium bisulf i te .  

Because  of the la rge  number  of functional groups  in the reac t ing  compounds having different  r eac t i v i -  
t i e s  and a ce r ta in  labil i ty of compound (IV), that of the abil i ty to be oxidized with cleavage at the C - N  bond 
at the methylene bridge,  there  a ro se  the neces s i ty  of studying the effect  of different  f a c to r s  ( t empera ture ,  
pH, concentrat ion of reactants)  on i ts  yield.  
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We have de te rmined  that the yield of compound (IV) at 50-60~ osc i l l a tes  f rom 3 to 17%, with i ts  con- 
tent in the condensation product  of up to 58%. The yield d e c r e a s e s  upon inc reas ing  the reac t ion  t e m p e r a -  
ture  above 75 ~ (Fig. 1). Significant amounts  of f luoresc ing  impur i t i e s  a re  found in the reac t ion  product  up- 
on paper  chromatography,  which a re  s imple  p ter id ine  compounds.  

We have also shown that the opt imum pH value for  the condensation is  3.5. Upon dec reas ing  the pH 
to 2.7-2.9, the content of compound (IV) in the condensation product  is  dec rea sed  to 60%, while the amount 
of f luoresc ing impur i t i e s  of s imple  p te r id ines  is  inc reased .  Upon inc reas ing  the pH to 4.5-4.7,  the amount 
of impur i ty  i n c r e a s e s  even more ,  and a shift of the main m a x i m u m  (~ 305 mp) of compound (IV) is  shifted 
to the long wave region by 20 rn~. It should be noted he re  that the amino groups  in posi t ions  4 and 5 of the 
pyr imidine  molecule  p o s s e s s  different  r eac t iv i t i e s  [4], and consequently,  inc reas ing  the acidi ty of the m e -  
dium will favor  protonat ion of the m o r e  bas ic  amino group in posi t ion 5, which will make  the fo rmat ion  of 
the i s o m e r i c  4 -amino(desoxy) -10 -me thy l (7 )p t e roy l -L-g lu t amic  acid poss ib le  during the cour se  of the r e -  
action. 

Consider ing the significant solubility of compound (IV) in the reac t ion  medium, we chose (Fig. 2) as  
the opt imum concentrat ion of r eac tan t s  a ra t io  of p -me thy l aminobenzoy l -L -g lu t amic  acid (bar ium or diso-  
dium salt), t e t raaminopyr imid ine ,  and 1 ,1 ,3- t r ich loroace tone  of 1:1.5.2.5. 
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Fig. 1. Dependence of yield (1) 
and content (2) of 4 -amino- (de-  
soxy) -10-methy lp te roy l -L-g lu ta -  
mic acid on tempera tu re  (pH 
3.5, duration, 5 h). On the or -  
dinate axis: on the left, yield (%); 
on the right, content (%); on the 
absc i ssa  axis, t empera ture  
(deg). 
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Fig. 2. Dependence of yield (I) and con- 
tent (2) of 4-amino(desoxy)- 10-methyl- 
pteroyl-L-glutamic acid on the eoneen- 
t rat ion of reactants  (pH 3.5; 70~ On 
the ordinate axis: on the left, yield (%) ; 
on the right, content (%). On the ab- 
sc issa  axis, volume of react ion mass  
(ml) per  i g of 4-amino(desoxy)-10-  
methylpter  oyl-  L-glu tamic  acid. 

Under optimum conditions, compound (IV) was obtained in a yield of 32% and as a content of 70% in 
the condensation product .  

In the purif ication of compound (IV), we isolated a significant amount of the impuri t ies  as the m a g n e -  
sium, calcium, or sodium salts of the simple pteridine compounds, which are  insoluble at pH 7.0-8.0. 
Chromatographic  separat ion on cellulose in a phosphate buffer (pH 7.0) saturated with i so -amyl  alcohol was 
also used. 

The purified 4 -amino(desoxy) -10-methy lp te roy l -L-g lu tamic  acid (IV) had Rf 0.60 (system 1: phosp- 
hate buffer, pH 7.0), l i te ra ture  data [5], Rf 0.48-0.62; Rf 0.69 (system 2: acetate buffer, pH 5~ l i tera ture  
data [6], Rf 0.68. UV absorption spect rum in 0.1 N hydrochlor ic  acid solution: ~max 243, 305 m# (Fig. 3); 
l i te ra ture  data [1], ~max 244, 307 mp .  

1 ,1 ,3-Trichloroacetone,  the th ree -ca rbon  component of the condensation, was obtained by direct  chlo- 
r ination of acetone, initially at 35-40 ~ (up to formation of 1,1-dichloroacetone),  and then at 85-90~ after  
distil lation of mono- and 1,1-dichloroacetone,  1 ,1 ,3- t r ichloroacetone was extracted from the chlorination 
product  with water.  

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

1,1 ,3-Tr ichloroacetone  (II). Into 50 ml of acetone at 35-40 ~ was passed about 100 g of chlorine.  The 
tempera tu re  of the react ion mixture was increased  to 85-90 ~ and about 90 g of chlorine was added. The 
mixture was then cooled to room tempera ture  and flushed with air  to remove the excess  chlorine and hy- 
drogen chloride.  We obtained 90-100 g of chlorination product  having a density of 1.46-1.48; it was dis-  
tilled in vacuum and the fract ion boiling up to 70 ~ at 104 mm, consist ing of a mixture of monochloroacetone 
and 1,1-dichloroacetone,  was discarded.  The residue containing 1,1,3- t r ichloroacetone was poured into 
100 ml of water,  s t i r red,  and after  clarification, the upper t ransparent  layer  was separated and the bottom 
oily layer  was subjected again to two more  extract ions  with water  (50 and 30 ml)o F r o m  the aqueous solu- 
tion (200 ml) (II) was extracted with ether (200, 100, 50 mD. The ether was distilled, and dry benzene (20- 
25 ml) was added to the residue, which was then distilled in vacuum. We obtained 43 g of anhydrous 1,1,3- 
t r ichloroacetone  (yield 40%). Bp 172 ~ (in agreement  with l i terature  data [7]), n 2~ 1.4922 (l i terature data [8], 
n 2~ 1.4917). 

For  the synthesis  of compound (IV), 1 ,1 ,3- t r ichloroacetone was used as an aqueous solution without 
extraction with ether.  

4 -Amino(desoxy) -10-methy lp te roy l -L-g lu tamic  Acid (IV). A. A suspension of 5.4 g of the bar ium salt 
of p -methy laminobenzoyl -L-g lu tamic  acid [9], 4.95 g of 2 ,4 ,5 ,6- te t raaminopyrimidine sulfate [10], and 6 g 
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Fig. 3. UV spec t rum of 4 -amino  
(de soxy)- 1 O- me thy lp te roy l -  L -g lu -  
t amic  acid in 0.1 N hydrochlor ic  
acid solution (SF-4 spect rophoto-  
me te r ) .  

of sodium metabisul f i te  in 450 ml of water  was heated to 70-75 ~ and a 
solution of 5.2 g of 1 ,1 ,3- t r ich loroacetone  in 40 ml of water  was added. 
The reac t ion  was c a r r i e d  out at the same t e m p e r a t u r e  and a pH 3.4- 
3.7 for  5 h; the pH was maintained in the n e c e s s a r y  in terva l  with a 1 N 
solution of sodium hydroxide.  The hot reac t ion  mix ture  was then f i l -  
t e red  and the mother  solution was left  at 5-10 ~ for  10-12 h. The p r e -  
cipi tated ye l low-orange  solid was f i l tered,  and washed with water ,  alcohol, 
and e ther .  We obtained 2.6 g of a reac t ion  product  containing 7 0% of com-  
pound (IV) ; yield 32%. The content was de te rmined  spec t ropho tomet r i ea l -  
ly, measu r ing  the absorpt ion at Xma x 305 rr~u [2]. P a p e r  ch romatography  
(ascending ch romatogram)  showed an absorbed spot having Rf 0.60 in a 
phosphate buffer ,  pH 7.0 ( sys tem 1) and Rf 0.69 in an aceta te  buffer ,  pH 5.0 
( sys tem 2) eo r respond ing to  compound (IV), and a s e r i e s  of s p o t s p o s s e s -  
ing blue f luorescence  having Rf 0.10, 0.18, 0.31 ( sys tem 1) and Rf 0.04, 
0.20, 0.38 ( sys tem 2), which evidently belong to the s imple  p ter id ine  
compounds.  

B. A suspension of 4.45 g of the disodium salt  of p - m e t h y l a m i -  
nobenzoy l -L-g lu tamic  acid (i), 4.95 g of 2 ,4 ,5 ,6 - te t raaminopyr imid ine  
sulfate, and 6 g of sodium metabisul f i te  in 450 ml  of wa te r  was heated 
to 70-75 ~ and a solution of 5.2 g of 1 ,1 ,3- t r ieh loroace tone  in 40 ml  of 
water  was  added. The synthes is  conditions a re  the same  as  in A. We 
isolated 2,2 g (content 68%) of compound (IV) as  a ye l low-orange  pow- 

der  in a yield of about 25%. P a p e r  ch romatograph ic  data a re  the s ame  as  in A. 

Pur i f ica t ion  of 4 -Amino(desoxy) -10 -me thy lp t e roy l -L-g lu t amie  Acid (IV). A. We dissolved 2.9 g of 
(IV) (70% content) in 60 ml of a 0.5 N solution of sodium hydroxide, neut ra l ized  the solution to pH 7.0-7.5 
with a 1 N solution of hydrochlor ic  acid, and heated the mix tu re  with act ivated carbon for  20 min  at 50-60 ~ 
The hot solution was f i l tered f r o m  impur i t i e s  and a f te r  cooling, acidified with a 1 N solution of hydrochlor ic  
acid to pH 3.0-4.0.  We isola ted 1.2 g containing 85% of (IV). Yield 50%. 

B. We mixed 5 g of cel lulose with a 0.1 M phosphate  buffer  (pH 7.0) sa tura ted  with i s o - a m y l  alcohol.  
After  30 rain, the mix tu re  was t r a n s f e r r e d  to a column (25 x 3 cm).  The column was filled with cel lulose  
to a height of 20 cm and washed with 50 ml  of buffer  solution. To the column was added 100 mg of (IV) 
(70% content)as a solution in 2 ml  of a 0.5 N solution of sodium hydroxide and eluted with the same  buffer  
solution. The obtained f rac t ions  were  invest igated with pape r  ch romatography  in sy s t em 1. F rac t ions  con- 
taining (IV) were  combined and acidif ied with a 1 N solution of hydrochlor ic  acid to pH 3.0-4.0.  We obtained 
compound (IV) as  a yellow powder of 90% content. Yield 42%. 

To p r e p a r e  an analyt ical ly  pure  sample  of (IV), the ma t e r i a l  was  prec ip i ta ted  two t imes  f rom a bas ic  
solution and then consecut ively  pas sed  through columns containing cel lulose and act ivated carbon.  Rf 0.60 
in sys t em 1, l i t e ra tu re  data [5], Rf 0.48-0.62; Rf 0.69 in sy s t em 2, l i t e r a tu re  data [6], Rf 0.68 (absorpt ion 
spot, ascending ch romatogram) .  UV absorpt ion  spec t rum in a 0.1 N solution of hydrochlor ic  acid; Xmax 
243, 305 n ~ ,  ~: 2.11 x 104; l i t e ra tu re  data [1]: Xmax 244, 303 r r~ .  Found, %- C 51.30, 51.26, H 5.07, 5.09, 
C20H22NsO 5. H20. Calculated, %: C 50.84, H 5.12. 

C O N C L U S I O N S  

4 -Amino(desoxy) -10 -me thy lp t e roy l -L-g lu t amic  acid was  synthesized by the condensat ion of p - m e t h y -  
laminobenzoyl-  L-g lu tamic  acid (as the ba r i u m or  disodium salt), 2 ,4 ,5 ,6- te t raaminopyr imid ine ,  and 1,1,3- 
t r i ch loroace tone .  
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