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A new t h r e e - s t e p  method has been developed fo r  the synthes is  of 8 -methy l theobromine  f rom 
3 - m e t h y l - 4 - a m i n o u r a c i l ,  based  on its brominat ion,  the convers ion  of 3 - m e t h y l - 4 - a m i n o - 5 -  
b r o m o u r a c i l  to 3 - m e t h y l - 4 - a m i n o - 5 - d i m e t h y l a m i n o u r a c i l ,  and the reac t ion  of the la t ter  with 
ace t ic  anhydride.  

Methylated xanthine, subst i tuted in posi t ion 8 through a c a r b o n - c a r b o n  bond, is of i n t e re s t  as a poten-  
tial s ta r t ing  point in the s e a r c h  fo r  new drugs  [1]. The s ta r t ing  m a t e r i a l  fo r  the synthes is  of theobromine  
compounds of this type can be 8 -methy l theobromine  (I) s ince the p r o c e d u r e s  developed ear l ier ,  with the 
par t ic ipa t ion  of one of us, for  conver t ing it to 8 -monoch lo romethy l theobromine  [2] and t heob romine -8 -  
aldehyde [3], make  it poss ib le  to obtain even m o r e  va r i ed  compounds.  At the beginning of this century  [4], 
8 -me thy l theobromine  had a l r eady  been desc r ibed  as an in te rmedia te  in the synthes is  of theobromine  f rom 
ur ic  acid, f o rmed  by the methyia t ion  of the 8-methyixanthine in te rmedia te .  L a t e r  a s e r i e s  of va r i a t ions  in 
the p repa ra t ion  of I we re  descr ibed,  based on the s ame  reac t ion ,  namely  the methyla t ion  of 8 -methy lxan-  
thine by dif ferent  methyla t ing  agents  under  d i f ferent  conditions [5-8]. The main d isadvantages  of this p ro -  
cedure  a r e  the high s tabi l i ty  of the ur ic  acid s ta r t ing  ma te r i a l ,  the need for  prolonged boiling (over 80 h) 
with acet ic  anhydride to conver t  i t  to 8-methylxanthine,  as  well as the re la t ive  low yie lds  of I at  the m e t h -  
ylat ion step, which a lways  leads to fo rmat ion  of mix tu re s  of mono- ,  di-, and t r imethy l  de r iva t ives  of 8- 
methylxanthine.  This l i s t  of d isadvantages  can be e l iminated if, instead of 8-methylxanthine,  3, 8 -d imethy l -  
xanthine (II) is  used  as  a s ta r t ing  m a t e r i a l  [4]. The l a t t e r  is  synthes ized  f r o m  3 - m e t h y l - 4 - a m i n o u r a c i l  
(HI) [9], but by this s cheme  the yield of I, when II is methyla ted  in conditions sui table  for  the c o m m e r c i a l  
synthes is  of theobromine  (IV) [10], cannot be cons idered  acceptable .  It ba re ly  r e aches  60%, which c o r r e s -  
ponds to app rox ima te ly  30%, based  on s ta r t ing  III. 

Approx imate ly  the s a m e  yield is obtained if III is conver ted  to I by reac t ion  of i ts  5 -b romo  der iva t ive  
(V) [11, 12] with methylamine ,  acetyla t ion of the 3 - m e t h y l - 4 - a m i n o - 5 - m e t h y l a m i n o u r a c i [  thus fo rmed  (VI) 

[12] ,  and cycl iza t ion  of the ace ta te  (VII). 

It  should be noted, incidentally,  that  the mel t ing  point of the compound, which we obtained by a m i -  
nolysis  of b romid e  V {235-238~ is 50 ~ higher than that given in the l i t e ra tu re  [12] for  3 - m e t h y l - 4 - a m i n o -  
5 -me thy laminourae i l  (VI) (183-185~ The empi r i ca l  fo rmula  of the compound whose mel t ing point is 235-238 ~ 
(C~H10N402 �9 1/2H20 ) and i ts  p r o p e r t i e s  a lso  conf i rm the diamine s t ruc tu re  VI p roposed  for  it. Evidently 
the mel t ing  point fo r  this compound, as given in the l i t e ra ture ,  should be cons idered  e r roneous .  On heating with 
f o r m a m i d e  [12] it f o r m s  IV, while on boiling for  5 h with acet ic  anhydride i t  i s  conver ted  to a hi ther to 
undescr ibed  compound which, judging f rom i ts  p r o p e r t i e s  and analysis ,  appea r s  to be 3 - m e t h y l - 4 - a c e t y l -  
a m i n o - 5 - m e t h y l a c e t y l a m i n o u r a e i l  (VIH) [cf. 13, 14]. 

To i nc r ea se  the yie ld  of I f rom III and to reduce  the number  of s teps ,we made use of the observa t ions  
of H. B r e d e r e c k  and coworke r s  [15], who d i scove red  that  when 1 , 3 - d i m e t h y l - 4 - a m i n o - 5 - d i m e t h y l a m i n o -  
u rac i l  r e a c t s  with acet ic  anhydride,  methyl  ace ta te  is spl i t  off, and the imidazole  r ing is closed,  fo rming  
8-methylcaffe ineJ  In an analogous reac t ion  conducted with 3 - m e t h y l - 4 - a m i n o - 5 - d i m e t h y l a m i n o u r a e i l  (XI), 
which is f o r m e d  in good yield by reac t ion  of b romide  V with dimethylamine,  we obtained I in ove r  90%yield. 

I n t e rmed ia t e  IX was  fu r the r  c h a r a c t e r i z e d  by methyla t ion  with dimethyl  sulfate in an aqueous alkal ine 
medium.  The constants  and p r o p e r t i e s  of the resu l t ing  compound coincides with that  published fo r  1,3- 
d i m e t h y l - 4 - a m i n o -  5 -d imethy laminourac i l  [15]: 
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The method developed for  the synthesis  of I f rom III has obvious advantages over  the other var iants  
shown above.* All react ions  proceed  in high yields and the yield of I, s tar t ing f rom HI, is about 70%. 

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

3 - M e t h y i - 4 - a m i n o - 5 - b r o m o u r a c i l ( V )  [ 1 i ,  12]  

A suspension of 141 g (1 mote) of finely ground 3 -me thy l -4 -aminourac i l  (HI) in 840 m[ of methyl  or  
ethyl alcohot was cooled with ice water  and s t i r r ed  vigorously.  With the t empera tu re  at 10-20 ~ 160 g 
(1 mole) of bromine was added over  the course  of 20-30 rain. Mixing was continued for another hour. The 
mixture  was then t i t tered,  washed f ree  of hydrobromic  acid with water ,  and then r insed with alcohol and 
dried~ at 75-80 ~ The bromide V weighed 211 g. Its m.p. was 260-265 ~ (l i terature value [111 278-280~ 

3 -  M e t h y l - 4 - a m i n o - 5 - d i m e t h y t a m i n o u r a e i l  ( IX)  

A mixture  of 211 g of bromide u and 660 g of 33%, or 800 g of 25Fc~ aqueous dimethylamine,  was heated 
with agitation to 50-55 ~ (about 1 h). After the solids have dissolved, s t i r r ing  was continued for  another 2h 
at 55-60 ~ After  standing for  12 h at 20 ~ the mixture  was t i t tered,  and the residue washed with water  and 
dried.  

The yield was 117 g and the m.p. 238-240 ~ An additional 24 g of IX (m.p. 220-235 ~ was isolated by 
evaporat ion of the f i l t ra te  to a volume of 150-170 mr. The totM yield of IX was 141 g. An analytical  sample 
c rys ta l l i zed  f rom water  (1 : 15) mel t s  at  240-241 ~ Found %: C 44.90; H 6.40; N 30.29; CzH12N402. Cal-  
culated %: C 45.65; H 6.52; N 30.42. 

After  0.85 g (0.0046 mole) of IX was dissolved in 4.6 ml of a normal  solution of NaOH (0.0046 mole) 
and heated to 50 ~ a solution of 0.582 g (0.0046 mole) of dimethyl sulfate in 5 ml of methanol was added. 
The solution was concentrated over the course  of 20 rain, forming a precipi ta te  which after  r e e r y s t a t t i z a -  
tion f rom alcohol yielded 0.7 g of a solid, m.p. 193-194 ~ (1 ,3-d imethyi -4-amino-5-d imethylaminourae i l  
[15] mel ts  at 194~ 

* Compound I can be obtained also f rom theobromine by f i r s t  forming theobromine-8-aee t ie  acid [16] and 
then deearboxylating it. Such a route  is not  considered in detail in this paper, since it is unlikely to have 
any prac t ica l  value. 
t The yields in this react ion a re  so constant  that, in the subsequent step, the react ion product  can be used 
while still mois t .  
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3 - M e t h y l - 4 - a m i n o - 5 -  ( N - m e t h y l - N - a c e t y l ) -  a m i n o u r a c i l  ( V I I )  

Boiling 1 g (0.0059 mole) of amine  VI in 10 ml  of ace t ic  acid fo r  4 h and f i l ter ing and washing the 
p rec ip i t a t e  with w a t e r  yielded 0.63 g, m.p .  280-285 ~ After  c rys ta l l i za t ion  f r o m  aqueous alcohol (1 : 1) 
the rn.p. was  288-290 ~ Found %: C 44.90; H 5,84; N 26,42. CsH12N403 . Calculated %: C 45.20; H 5,65; 
N 26,40. 

D i a c e t y l  D e r i v a t i v e  of  3 - M e t h y l - 4 - a m i n o - 5 - m e t h y l a m i n o u r a c i l  ( V I I I )  

Boiling 1 g (0.0059 mole) of amine  VI in 10 ml  of acet ic  anhydride for  5 h and f i l ter ing and washing 
the p rec ip i t a te  with wa t e r  yielded 1.1 g, m.p .  303-305 ~ After  r ec rys t a l l i za t ion  f rom water ,  the m.p.  was  
309-311 ~ Found %: C 47.34; H 5.66. C10HlaN404. Calculated ~0: C 47.24; H 5.51. 

8 - M e t h y l t h e o b r o m i n e  ( I )  [4] 

a) F r o m  3 - M e t h y l - 4 - a m i n o - 5 - d i m e t h y l a m i n o u r a c i l  (IX). Boiling 141 g of IX with 420 ml  of acet ic  
anhydride fo r  2 h r e s u l t s  in dissolut ion of sol ids followed by precip i ta t ion .  The excess  acet ic  anhydride 
is  boiled off under  vacuum, and the res idue  c rys t a l l i zed  f r o m  water ,  using charcoa l .  The yield was 139 g 
(92%), m.p .  304-305 ~ ( l i t e ra tu re  value [4] 302-303~ 

b) F r o m  3 - M e t h y l - 4 - a m i n o - 5 - ( N - m e t h y l - N - a c e t y l ) a m i n o u r a c i l  (VII). Boiling 0.4 g of VII in 4 ml  
of no rma l  NaOH solution fo r  3 h and acidifying to pH 6.0 and f i l ter ing yielded 0.33 g, m.p.  304-305 ~ A 
mix tu r e  With I me l t ed  at  304-305 ~ 
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