STUDIES IN THE IMIDAZOLE SERIES
1IV. SYNTHESIS OF IMIDAZO[1,2~f]XANTHINE DERIVATIVES BASED
ON 8-AMINOALKYLAMINO, ARYLAMINO)THEOPHY LLINES

A. A, Tkachenko, P, M. Kochergin, UDC 547.857.4'781.07:543.422 .4'544
and F, A, Zubkov

A number of 1H-imidazo[1,2-f Jxanthine derivatives were obtained by the reaction of 8-
amino (alkylamino, arylamino)theophyllines with a-haloketones and subsequent cycliza-
tion of the 7-acylalkyl-8-amino (alkylamino, arylamino)theophyllines.

In developing the research in [1] we have made a more detailed investigation of the reaction of 8-
aminocaffeine () and 8-amino(alkylamino, arylaminojtheophyllines (II-V) with a-haloketones. It was found
that I, in contrast to 2~aminopyridine [2] and other nitrogenous 2-amino heterocycles [3], does not react
with a-bromoketones, which is apparently explained by the low basicity of this compound. Compounds I~V
do not react with o-haloketones in the absence of an alkaline agent, However, the reaction with bromo-
methyl aryl ketones proceeds very rapidly in aqueous alcohol solutions in the presence of KOH or NaOH,
and even more rapidly when their potassium salts (Ia-Va) are heated in methanol to form 7-acylmethyl-8-
amino (alkylamino, arylamino) theophyllines (VII-XIII, Table 1), Tt should be nofed that the constants for X
and XII do not agree with the literature data for these compounds, which were previously synthesized by
the reaction of 7-phenacyl-8-bromotheophylline (VI} with butylamine and aniline [4, 5].

When II is heated in an aqueous alcohol solution of alkali or Ia is heated in methanol with a-bromo-
ketones containing bromine attached to a secondary carbon atom, the reaction does not stop at the step in-
volving the formation of 7-acylalkyl-8-aminotheophyllines but proceeds further with the splitting out of a
molecule of water and the formation of the corresponding substituted imidazo[1,2-f]xanthines (XIV~-XVII).

The 7-acylmethyl-8-amino(alkylamino, arylamino)theophyllines (VII-XIII) are smoothly converted to
imidazoxanthine derivatives (XVIII-XXIV) only when they are heated in organic or mineral acids (HCOOH,
CH;COOH, HC1, HBr, H;PO,) and also by the action of dehydrating agents (POCI1; and concentrated H,SO,).
It is interesting to note that XII and XIII, which have aryl substituents attached to the exocyclic nitrogen atom
which reduce the nucleophilicity of the imino group, do not change on refluxing in glacial acetic acid, but
are cyclized to XXII and XXIV when they are heated in 60-70% acetic acid. This is evidence that the
cyclization of 7-acylmethyl-8-aminotheophyllines depends not only on the character of the substituent in the
8-position but also on the acidity of the medium,

Another more convincing proof of the catalytic effect of hydrogen ions on the closing of the imidazole
ring is that 7-phenacyl-8-aminotheophylline (VII) does not change on prolonged refluxing in ethanol or butan-
ol, but is rapidly converted to 2-phenyl-6,8-dimethylimidazo[1,2-{Ixanthine (XVII) in 78-80% yield in the
same solvents in the presence of hydrogen chloride.

In analogy with the mechanism for closing of the thiazole ring [6-8], it is extremely likely that the
closing of the imidazole ring during the cyclization of 7-acylalkyl~8-amino(alkylamino, arylamino)theophyl-
lines to imidazo[1,2-f]xanthine derivatives also proceeds through an intermediate step involving the forma-
tion of 2-hydroxy derivatives of imidazolino[1,2-f]xanthine.
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The purity of the 7-acylmethyl-8-amino (alkylamino, arylamino)theophyllines and imidazoxanthines
that we obtained was confirmed by two-dimensional paper chromatography, while the structures were con-
firmed by the IR spectra and alternative synthesis of XVIII, XX, XXI, and XXIII by heating 7-phenacyl-8-
bromotheophylline (VI) with ammonia and the appropriate amines [9]. Thus, it was simultaneously estab-
lished that the three-ring compounds (XIV-XXIV) are 1H-imidazo[1,2-f]xanthine derivatives, while the inter-
mediates (VII-XIII) are T-acylalkyl-8-amino (alkylamino, arylamino)theophyllines.
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EXPERIMENTAL*

Known methods were used to prepare 8-aminocaffeine (I) [10], 8~aminotheophylline (@I) [11], 8-methyl-
aminotheophylline (I) [12], 8-butylaminotheophylline (IV) [12], 8-phenylaminotheophylline (V) [11], and 7-
phenacyl-8-bromotheophylline (VI) [13].

Potassium Salts of 8-Amino(methylamino, butylamino, phenylamino)theophyllines (Ila-Va). A mixture
of 0.05 mole of amine @I-V) and 0,075 mole of KOH in 150 ml of water was heated to 95-100°, the resulting
solution was cooled to 35-40°, 350 ml of acetone was added, and the resulting precipitate was filtered and
washed with ethanol and acetone to give 77-97% of products with mp 330-332°, 275-277°, 252-255°, and 92-
93° (decomp.), respectively.

7-Acylmethyl-8-amino(alkylamino, arylamino)theophyllines (VII-XIII, Table 1). The a-bromoketone
(0.03 mole) was added to a suspension of 0.03 mole of Ila-Va in 100-150 ml of hot methanol, the mixture
was refluxed with stirring for 10-30 min and cooled, The precipitate was filtered, washed with water, ethan-
ol, and chloroform. Compounds X and XI were also obtained when the reaction was carried out in 50% aque-
ous methanol in the presence of an equimolecular amount of KOH or NaOH. The colorless or pale-yellow
(VIII) crystalline substances were slightly soluble in most organic solvents and insoluble in water.

Imidazo[1,2-flxanthine Derivatives (XIV-XXIV, Table 1). A. The a~bromo ketone (0.03 mole) was
added to a suspension of 0.02 mole of IIa and 150 ml of hot methanol, and the mixture was refluxed with stir-
ring for 2 h and cooled. The precipitate was filtered and washed with water, ethanol, and chloroform to give
73-78% of XV and XVI. Compounds XIV and XVII (39 and 77%, respectively) were similarly obtained, with
the difference that the reaction was carried out in 50% aqueous ethanol for 24 h in the presence of an equi-
molecular amount of KOH or NaOH.

B. A solution of 3 mmole of VII, XII, or XIII in 10 ml of 85% formic acid was refluxed for 2 h and
cooled. The precipitate was filtered and washed with ether to give 83-87% of XVIII, XX1I, and XX1IV.,

C. A solution of 3 mmole of VII, VIII, or X in 15 ml of acetic acid was refluxed for 2 h and worked up
as in experiment B to give 85-90% of XVIIT, XIX, and XXI.

D. A solution of 3 mmole of VII in 10 ml of 36% HC1 was refluxed for 1 h and cooled, and the precipi-
tate of XVII was filtered and washed with water and acetone., The reaction was similarly carried out in
25% HC1 in ethanol or butanol to give 77-80% of XVIII.

E. A solution of 3 mmole of VII or IX-XIII in 10-15 ml of 40-48% HBr was refluxed for 5-10 min and

cooled, and the precipitate was filtered and washed with water and acetone to give 84-92% yield of XVIO
and XX-XXIV.

*We thank V., V, Kolpakova and Yu. N, Sheinker and their co-workers for performing the microanalyses and
obtaining the IR spectra of the compounds.
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F. A solution of 3 mmole of VII in 15 ml of 85% H,PO, was refluxed for 5 h and worked up as in ex-
periment E to give 69% of XVII,

G. A solution of 3 mmole of VII in 10 ml of 96% H,SO, was allowed to stand for 12 h at 18-20° and

then poured into 50 ml of water, The precipitate was filtered and washed with water and acetone to give
48% of XVIII,

H. A solution of 3 mmole of VI in 10 ml of POCl; was refluxed for 30 min and cooled, and the pre-
cipitate of XVII was filtered and washed with water, ethanol, and ether to give 66% of XVIII,

I. A mixture of 0.02 mole of VI and 0.05 mole of butylamine or aniline in 60 ml of methanol or ethan-
ol was heated in an autoclave at 170-175° for 7 h and cooled, and the precipitate of XXI or XXIII was filtered
and washed with water and acetone. Compounds XVII and XX were similarly obtained, with the difference
that ammonia and methylamine were used in the form of 25% alcohol solutions (60 ml). The yields of XVIII,
XX, XXI, and XXIII were 70, 78, 68, and 85%, respectively.

Compounds XIV-XXIV were colorless, crystalline substances which were slightly soluble in most or-

ganic solvents, insoluble in water and aqueous solutions of mineral acids, and did not form picrates and
salts with mineral acids.
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