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The present communication describes the synthesis of/3-(3,7-dimethylhypoxanthine-2)-a-alanine (1) 
isomeric to two previously obtained puryl-2-alanines [1,2]. A study of such purinyl amino acids is of 
theoretical interest and may be of practical importance owing to their structural similarity to naturel c~ 
amino acids which carry  proteinogenic functions and also participate in other biochemical systems. At the 
same time were synthesized the ether and amides of 3,7-dimethylhypoxanthine-2-acetic acid (IIa), IIb), which 
were not described in the literature. 

The initial compound used was 3 ,7-d imethylhypoxanth ine-2-malonic  e s t e r  (III), a condensat ion product  
of an e a r l i e r  descr ibed  2-chloro-3 ,7-d imethylhypoxanth ine  (IV) [3 ] with sodium malonic  e s t e r s .  OriginatIy,  
the action of sulfuryl  chlor ide  conver ted  III to 3 ,7-d imethylhypoxanth ine-2-ch loromalonic  e s t e r  (V), which 
was to be hydrolyzed to obtain 2-chloromethyl -3 ,7-d imethylhypoxanth ine .  It was found, however ,  that at 
low pH the hydrolyt ic  c leavage  of malonic  res idue  was accompanied  by the c leavage  of C2--C bond as a 
r e su l t  of which III  was conver ted  to theobromine  (XI) in an a lmos t  quanti tat ive yield. Hydro lys i s  at high 
pH (heating with alkali solution) leads to the fo rmat ion  of 2-hydrox3anethyl-3,7-dimethylhypoxanthine (VI) 
but in a yield not over  20%. 

The problem concerning the synthesis of 2-halomethyl derivative of 3,7-dimethylhypoxaathine was suc- 
cessfully solved by hydrolytic cleavage of III with a subsequent bromination of the finished product in the 
hydrolysis of 2,3,7-trimethylhypoxanthine (VII) by dioxanedibromide. The condensation of the resulting 2- 
bromomethyl-3,7-dimethylhypoxanthine (VIII) with acetylaminomalonic ester and subsequent hydrolysis 
ensured the formation of I. 

TABLE 1, Der iva t ives  of 3,7-  Dimethylhypoxanthine 

Compound 

III 
VII 
V* 
vt 

VIII ~ 
X 

I 

IX 
Ita 
lib 

Melting point, * 

1'60--3 (from water) 
248--50 (from alcohol) 
121--3 (from ethyl acetate) 
250--2 (from alcohol) 
[80 (decomp., from dichloro 
22I~2 (from alcohol) 
229~30 (decomp., from 

aqueous, alcoti91). 
t90~2 /trom etayi acetate) 
227--30 (from alcohol) 
132 (from ethyl acetate) 

Yield, 
% 

83,4 
88,8 
75,6 
13,8 
56,2 
61,6 
45,8 

65 
9O 
51 

52,50 
54,48 

49,25 
37,28 
52,00 
45,00 

52,3[ 
48,84 
55,68 

*Found,%: CI 9.97. Calculated,  %: C1 9.95 
SFound,%: Br  31.51. Calculated,  %: Br  31.55 

FouNd, % 

5,47 
5,57 

5,40 
3,79 
5,34 
5,70 

5,43 
4,82 
7,20 

N 
Empirical formula 

17,80 
31,48 
I5,64 
29,54 
22, I8 
I7, 45 
25,72 120 

2I ,91 
31,73 
26,37 

CalcuIatedcTH %N 

52,17 5,59 17,39 
53,93 5,62 31,46 

1'5,7I 
49,4c~ 5,[6 28,85 
37,3[ 3,50 21,77 
5[,91 5,34 [7,80 
44,6! 5,58 26,02 

52,7~ 5,63 2t,99 
48,8( 5,01 3f,66 
56,2~ 7,55 26,23 
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Boiling III with alcohol in the presence  of catalytic amounts of hydrogen chloride gave a good yield 
of ethyl e s t e r  of 3 ,7-dimethylhypoxanthine-2-acet ic  acid {IX), and the la t ter  in a reac t ion  with ammonia 
or  die*hylaminoethylamine gave the appropriate  amides IIa and IIb. We have failed to obtain f r ee  3,7-  
dimethylhypoxanthine-2-acet ic  acid, since it readi ly  undergoes decarboxylat ion independently of the pH 
of the medium and is  conver ted  to VII. 

The data on the resul t ing  compounds are given in Table 1. A s imi ia r  hydrolyt ic  cleavage of C2-C bond, 
revealed  in  the example with V, is found both in the purine [4] as well as in other he terocycl ic  sys tems  [5]. 
Such a cleavage,  as well as ex t r eme  instabil i ty of 3 ,7-dimethylhypoxanthine-2-acet ic  acid, distinguishes the 
behavior of substituents at C 2 in 3,7-dimethythypoxanthine der ivat ives  f rom the behavior  of i somer ic  2- 
substituted der ivat ives  of 1,7- and 1,9-dimethylhypoxanthines [1,2]. These data  are  in complete ag ree -  
ment with the information published ea r l i e r  on the increased reac t iv i ty  of substituents at C 2 in 3 ,7-di-  
methylhypoxanthine [3] and is supported by the quantum-chemical  calculation ca r r i ed  out by the MO LCAO 
method which shows that in the t ransi t ions f rom 1,7-dimethylhypoxanthine to 3,7-dimethylhypoxanthine,  the 
e lec t ron  density and the f ree  valency index of C 2 show a marked decrease .  
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E X P E R I M E  N TA L 

3,7-Dimethylhypoxanthine-2-malonic  Es t e r  ~II). To a suspension of sodium-malonic  e s t e r  in 300 ml 
of d ry  toluene (from 8 g of sodium and 80 ml of malonic es ter )  was added 30 g of IV; it was boiled for  1 h. 
To the reac t ion  mixture  was added 200-250 ml of warm water; it was s t i r r ed  and the aqueous layer  Sepa- 
ra ted.  The toluene layer  was washed with water  (3 x 30 ml), the wash water  added to  the aqueous solution, 
the lat ter  acidified to pH 5.0, and the resul t ing precipi tate  f i l tered off and crysta l l ized.  

2 ,3 ,7-Trimethy!hypoxanthine  {VII). After boiling 228 g of III with 230 ml of 18% hydrochlor ic  ac id  
solution for  1 h, the product  was evaporated to dryness ,  the res idue dissolved in water ,  and the solution 
neutra l ized to pH 7.0 and again evaporated to dryness .  The res idue was ext rac ted  with ch loroform to yield 
a substance which was purified by  dissolving in alcohol and precipi tat ing f r o m  an alcohol solution with 
ether .  

.3 ,7-Dimethylhypoxanthine-2-chloromalonic E s t e r  (V). To 30 g of III in 300 ml  of anhydrous chloro-  
form was added 28 g of sulfuryl  chloride.  After 2 4 h  the solution was washed with icy water  and then with 
sodium bicarbonate solution, dr ied,  and disti l led off solvent; the res idue was crys ta l l ized.  

.Hydrolysis of 3 ,7-Dimethylhypoxanthine-2-chloromalonic Es ter .  A. Acidic. After boiling 5 g of V with 
50 ml of hydrochlor ic  acid for 15 min, the solution was evaporated to dryness ,  the residue dissolved in 
water ,  and the solution neutral ized.  Yield, 1.8 g (71.4%) of theobromine,  mp 342-343 ~ 
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B. Alkaline. After  boiling 2 g of V with 16.8 ml of 1 N sodium hydroxide solution for  0.5 h, the 
product  was neut ra l ized  and evapora ted  to dryness .  The res idue  was ex t rac ted  with 50 ml  of hot alcohol 
and the product  cooled. The substance VI, prec ip i ta ted  upon cooling, was crys ta l l ized .  

2 -Bromoethyl -3 ,7-d imethylhypoxanth ine  (VIII). After  boiling 5 g of VII with a solution of dioxanedi- 
b romide  (4.35 ml  of b romine  in 100 ml  of dioxane) for  2 h, the product  was cooled and the precipi ta te  
f i l t e red  off and washedwith  ethyl acetate  in absolute alcohol. Yield, 7.5 g of VIII.  HBr. The product  was 
dissolved in a sa tura ted  solution of sodium bicarbonate  and ext rac ted  with chloroform.  The ch lo ro form 
solution was evapora ted  to a smal l  volume (15-20 ml) and the prec ip i ta te  was f i l te red  off. Yield of VIII, 
3.6 g. The ch lo ro fo rm f i l t ra te  was evapora ted  to d ryness  and the res idue  c rys ta l l i zed  f r o m  dichloroethane 
to yield another  0.45 g of VIII. 

3 .7-Dimethylhypoxanth ine-2-ace ty laminomalonic  E s t e r  (X). To a suspension of sodium ace ty lamino-  
malonie  e s t e r  ( f rom 1 g of sodium and 8.4 g of ace ty laminomalonic  es te r )  in 50 ml  of alcohol was added 9.3 
g of VIII; it was boiled for  1 h. Upon cooling, the prec ip i ta te  was f i l te red  off and crys ta l l ized .  

/3- (3 ,7-Dimethylhypoxanth ine-2)-~-a lanine  (I). After  boiling 8.9 g of X with 70 ml  of 18% hydrochlor ic  
acid solution for  1 h, the product  was evapora ted  to d ryness ,  the res idue  dissolved in water  and neutral ized.  
The r e s u l t i n g p r e c i p i t a t e w a s  dissolved in water  and neutral ized.  The prec ip i ta te  fo rmed  was dissolved in 
water  and prec ip i ta ted  with an equal volume of alcohol. 

Ethyl E s t e r  of 3~7-Dimethylhypoxanthine-2-acet ic  Acid (IX). After boiling 10 g of II with 2 ml of 
alcoholic hydrogen chlor ide in 70 ml  of absolute alcohol for  8.5 h, the alcoholic solution was evapora ted  to 
d ryness  and the res idue  t r ea t ed  with 30 ml  of wa te r  and neut ra l ized  to pH 7.0. The resul t ing prec ip i ta te  
was c rys ta l l i zed .  

Amide of 3 ,7-Dimethylhypoxanth ine-2-ace t ic  Acid (IIa). After s t i r r ing  0.7 g of IX with 20 ml  of 25% 
ammon ia  solution for  1 h at 20 ~ the solution was evapora ted  to d ryness  and the res idue  crys ta l l ized .  

Diethylaminoethylamide of 3 ,7-Dimethylhypoxanth ine-2-ace t ic  Acid {IIb). After boiling 3.5 g of III 
with 30 ml  of d ie thylaminoethylamine for  8 h (bath t e m p e r a t u r e ,  120-140~ the excess  of diethylamino-  
e thylamine was dis t i l led off. The substance  was prec ip i ta ted  with e ther  and crys ta l l ized .  

1. 
2. 
3. 

4. 
5. 

L I T E R A T U R E  C I T E D  

I. M. Oveharova  and E. S. Golovchinskaya,  Zh. Obshch. Khim.,  3__.44, 3254 (1964). 
I. M. Ovcharova,  L. N. Babenko, and E. S. Golochinskaya,  K h i m . - F a r m .  Zh., No. 3, 37 (1967). 
I. M. Ovcharova,  L. A. Nikolaeva, and E. S. Golovchinskaya,  K h i m . - F a r m .  Zh., No. 3, 37 (1967). 
No. 2, 18 (1968); Author ' s  Cer t i f ica te  No. 202153, Izobreteniya,  No. 19 (1967). 
E. S. Chaman and E. S. Golovchinskaya,  Zh. Obshch. Khim.,  3_.33, 3342 (1963). 
Yu. P. Shvachkin, L. A. Syr tzeva ,  M. K. Beres tenko,  et al., Zh. Obshch. Khim.,  32___2 , 3342 (1963). 

389 


