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XXXIV. TRANSFORMATIONS OF N,N'-DIME THYLXANTHINES IN REACTION 

WITH PHOSPHORUS OXYCHLORIDE IN THE PRESENCE OF TERTIARY AMINES 
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As is well known, in react ion with phosphorus oxycbloride in the p resence  of phosphorus pentachloride,  
N,N'-dimethylxanthines a re  converted to 2 ,6-dichloromonomethylpurines  [1-4]. Te r t i a ry  amines are  some-  
t imes used instead of phosphorus pentachloride,  In par t icu lar ,  in the p resence  of N,N-dimethylanil ine,  
theobromine (Ia) is converted to 2 ,6-d ichloro-7-methylpur ine  (l'Ia) in 257c yield [5]. Without the dimethyl-  
aniline, the yield of IIa does not exceed 10-15%. 

It may be suggested that the t e r t i a ry  amine in par t  ass is t s  the occu r rence  of reac t ion  because it hin- 
ders the evolution of hydrogen chloride f rom the reac t ion  sphere:  The HC1, just  l ike phosphorus penta-  
chloride,  ass is t s  in convert ing the reac t ion  product  of Ia or  8-chlorotheobromine (Ib} with phosphorus oxy- 
c h l o r i d e - t h e  compara t ive ly  stable adduct (III)- into the amidochloride (VI), which fur ther  splits out methyl 
chloride to form H [6]. 
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The r i s e  in yield of Ha f rom 10-15% to 30% on heating Ia with POC13, not in an open sys tem,  but in a 
tube [7], which excludes loss  of hydrogen chloride,  can probably be explained f rom these same positions.  

And actually the use of dimethylaniline hydrochlor ide  instead of the base made it possible to r a i se  
the yield of IIa to 35-40%. None the less ,  it continued to fall shor t  of the a lmost  quantitative yields of II 
which a re  attained when PCI~ is used [3, 4]. The suggestion arose  that this could be explained by the abili ty 
of dimethylani!ine to r e ac t  with adduct III to form a para  condensation product.  The format ion of a s imi la r  
by-product  - 2 - ch lo ro -6 -p -d ime thy l aminopheny l -  9-methylpurine (V) -has  been observed in the conve rs ion of 
1,9-dimethylxanthine (VI) to 2 ,b-d ich loro-9-methylpur ine  (VII) [8 ]. 

F rom the products  of a react ion of Ia with POC13 which was ca r r i ed  out in the p resence  of dimethyl-  
aniline [5], together  with 21-22% of Ha, it was possible to isolate a br ight  red  substance,  r a the r  readi ly  sol-  
uble in phosphorus oxychloride,  whose elemental  analysis  corresponded to the empir ical  formula  C15H17C13- 
N502. After  t rea tment  with water  and crys ta l l iza t ion f rom alcohol,  it is conver ted into a compound of the 
empir ical  formula C15HiTC12Ns. C2H5OH. The s t ruc tu re  of this red  substance as a pa ra  condensation prod-  
uct of dimethylaniline with a molecule of the purine was confirmed by its NMR spec t rum (see Fig 1; the 
ethyl alcohol signals a re  omitted). Three  signals (chemical shifts of 3.2, 4.3, and 4.4 ppm) indicate the 
p resence  of four N-methyl groups,  of which the two equivalent ones should be assigned to the dimethylamino 
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NMR s p e c t r u m  of compound 
VIIIB (IXB). 

group methyls .  The two doublets with centers  at 6.87 and 7.86 
ppm with equal s p i n - s p i n  in terac t ion  constants indicate the p r e s -  
ence of a pa ra -d i subs t i tu t ed  benzene ring. By analogy with the 
fo rma t ion  of compound V, and also on the bas i s  of  the g r e a t e r  
e lec t rophi l ic i ty  of C 6 as compared  with C 2 in the III adducts 
[4, 6, 9], the substance  isolated d i rec t ly  f rom the reac t ion  p rod-  
ucts should be  cons idered  the dichlorophosphate (VIIIA) or (IXA); 
and the compound obtained f r o m  it, the cMoride (VIIIB) or  (IXB). 

Compound VIIIA (IXA) was also obtained in the reac t ion  of 
dimethylani l ine with adduct (IIIa). On prolonged boiling in phos -  
phorus oxychlor ide or  cMorobenzene it is not changed, but com-  
pound VIIIB (IXB) is capable of being conver ted  to 2 - c h l o r o - 6 -  

p -d ime thy laminopheny l -7 -me thy lpur ine  (X), which quite ag r ee s  with observa t ions  about the s tabi l i ty  of the 
HI adduets in dist inction f rom the eas i ly  cleaved amidochlor ides  (IV). 
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To el iminate  the poss ib i l i ty  of the occu r r ence  of a secondary  p a r a  condensation p roce s s  in the r e -  
act ion of N,N' -d tmethylxanthines  with phosphorus oxychlor ide in the p r e sence  of a t e r t i a r y  amine ,  in which 
a cons iderable  amount of the adduct (Y/I) is used up, t r i e thy lamine  hydrochlor ide  was used instead of di-  
methylani l ine hydrochlor ide .  This r ep l acemen t  led at once to a sha rp  r i s e  in the  yields of the cor responding  
chloropur ines :  f rom Ia, IIa [3] was obtained in 90-95% yield;  f rom Ib, IIb [4] was obtained in 92-95% yield; 
and f rom VI, compound VII [1, 2] was obtained in 70-75% yield. It  is not excluded that the s ta ted  r e su l t s  can 
be used in the future in conver t ing keto der iva t ives  of other  N-he te rocyc l i c  compounds into the cor responding  
chlorides for  use in the synthes is  of biological ly  act ive  subs tances .  

EXPERIMENTAL 

The NMR s p e c t r u m  of VIIIB was taken on an INM 4H-100 ins t rument  in CDC13 using a 6 - s ca l e  re la t ive  
to t e t ramethy ls i l ane .  The IR s pec t rum  of VIIIA was taken on a UR-10 ins t rument  in vase l ine  oil; des igna-  
tions of absorp t ion  band intensi t ies  a re  as follows: v.w. - ve ry  weak; w. - w e a k ;  m. - medium;  s. - s t rong;  
and v.s.  - ve ry  s t rong .*  

Compound VIIIA (IXA). A. A mix tu re  of 15 g of Ia, 90 ml  of POCI3, and 18 ml of dtmethylanil ine was 
boiled for  8 h. The sol id which s epa ra t ed  on cooling was washed with a smal l  amount  of POCI 3 and then with 
pe t ro leum ether ,  and was dr ied in a vacuum dis icca tor  ove r  KOH. The weight of the p rec ip i ta te  was 6.5 g 
(about 18%), dec. point 160-175~ IR f requencies ,  cm- l :  510-517 (s.); 565 (v.w.); 605 (w.); 645 (v.w.); 708 
(v.w.); 755 (v.w.); 780 (w~); 790 (w.); 853 (v.w.); 941 (w.)} 1012 (m.); 1105 (s.); 1186 (m.); 1240 {m~ 1315 
(s.); 1279 (v.s.); 1460 (v.s.); 1585 (v.s.) .  

The phosphorus oxychlor ide was dist i l led off, and ice was added to the res idue ;  then the mix tu re  was 
neut ra l ized  with a concent ra ted  ammonia  solution, it was f i l te red,  and the p rec ip i ta te  was c rys ta l l i zed  f r o m  
water .  Compound IIa was obtained (3.56 g, 21%), mp 194-195~ 

B. To a solution obtained by boiling 3 g of Ia in 20 ml  of phosphorus oxychlor tde was added 1.8 ml  of 
dimethylanil ine,  with s t i r r ing ,  at 20~ The solution at  once turned red ,  and a prec ip i ta te  s epa ra t ed  a f t e r  

* The s p e c t r a  we re  taken by c o - w o r k e r s  of the physical  c h e m i s t r y  l a b o r a t o r y  (Yu. N. Sheinker,  d i rec tor ) .  
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2 o r  3 days. Its weight was 1.5-1.7 g, dec. point 160-175~ Its IR spec t rum was identical to that of sample 
VIIIA (IXA} obtained by the preceding method. 

Compound VIIIB (IXB). A suspension of 6 g of VIIIA in a small  amount of wa te r  was neutra l ized to pH 
8 with a 10~c sodium hydroxide solution; the mixture  was f i l tered,  and the solid was washed with water ,  a l -  
cohol, and e ther ,  Its weight was 3.9 g, mp 140-147~ (dec). For  analysis  it was crys ta l l ized  f rom absolute 
alcohol, rap 145-147~ (dec). Found, %: C 51.75; H 6.04; CI 17.42; N 18.60. c15HI?C12Ns- C2HsOH. Calcu- 
lated,  %: C 53.12; H 5.99; C1 18.49; N 18.23. 

2 :Chloro-6-p-d imethylaminophenyl -7-methylpur ine  (X). Compound VHIB (IXB) (1 g) in 30 ml of chlo- 
robenzene was boiled for  20-25 h, and the solution was evaporated.  The res idue  was washed with water ,  
and 0.4 g of X was obtained. For  analysis it was c rys ta l l ized  f rom benzene,  mp 210-215 ~ C. Found, %: 
C 57.42; H 5.38; C1 12.21; N 23.29. C14H14CINs. Calculated, ~c: C 58.43; H 4.87; CI 12.35; N 24.35. 

2 ,6-Diehloro-7-methylpur ine  (Ha) [3]. A mixture  of 50 g of Ia, 60 g of t r ie thylamine hydrochloride,  
and 400 ml of phosphorus oxycbloride was boiled for  25-30 h. The solid which separa ted  on cooling was r e -  
moved, added to ice, and neutral ized with a concentrated ammonia solution. Compound IIa (33-34 g, mp 
192-194 ~ C) was obtained. The residue af te r  stripping off the POC13 was decomposed with ice ,  neutra l ized 
with concentrated ammonia solution, and the solid was c rys ta l l ized  f rom water .  There  was obtained 15-18 g 
of Ha, mp 193-195~ Total yield of Ha, 90-95%. 

2 ,6 ,8 -Tr ich loro-7-methy lpur ine  (IIb). A mixture  of 10 g of Ib, 12 g of t r ie thylamine hydrochlor ide,  
and 50 ml of POC13 was boiled for  20 h. The precipi ta te  which fell  was added to ice and neutra l ized with 
concentrated ammonia solution; 5 g of IIb was isolated, mp 158-160 ~ C. The phosphorus oxychloride was 
disti l led off and the res idue  was t rea ted  s imilar ly;  5.4-5.6 g of Hb was obtained, mp 158-160~ Total yield, 
92-95~. 

2 ,6-Dickloro-9-methylpur ine  (VII) [1, 2]. Compound VI (20 g) and 30 g of t r ie thylamine hydrochlor ide  
in 200 ml of POCI 3 were  boiled for  25-30 h. The excess  POC13 was dist i l led off, ice was added to the r e s i -  
due, and the mixture  was brought to pH 2-3 with concentrated ammonia solution. The solid was washed with 
water  to a neutral  react ion,  and it was crys ta l l ized  f rom water .  There  was obtained 16-17 g (70-75~) of 
VII, mp 154-155 ~ C. The substance was identical with a known sample of VH [1, 2] in mp and Rf .  
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