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Introduction. Heterocyclic compounds play an important role in the metabolic processes of human organism. Structures of vitamins, 
nucleotides, chromoproteins are based on Nitrogen-containing heterocycles (purine, pyrimidine, thiazole etc). Thus, it was obvious to use 
these organic substances as basic molecules for synthetic research of biologically active compounds which could be used for treatment of 
different pathological processes. In their research, some scientist pay special attention to xanthine derivatives that are well-known low toxic 
natural compounds with wide spectrum of pronounced pharmacological properties (antioxidant, diuretic, antibacterial, anti-inflammatory 
etc). Insertion of carboxyl group in the structure of xanthine molecule is a prospective ability of its synthetic potential increasing.
Aim of our research was the development of method of 3-benzyl-8-propylxanthinyl-7-acetic acid and its derivatives synthesis and 
studying their physical-chemical properties.
Materials and methods. Melting points were determined using capillary method on DMP (M). 1Н NMR-spectra were recorded by Varian 
Mercury VX-200 device (company «Varian», USA) solvent – (DMSO-d6), internal standard – ТМS. Elemental analysis of obtained 
compounds was produced on device Elementar Vario L cube. 
Results and discussion. We selected 3-benzyl-8-propyl xanthine as initial compound for our study. By its interaction with chloroacetic 
acid, chloroacetamide or propyl chloroacetate in DMF in the presence of calculated amount of NaHCO3 we synthesized 3-benzyl-8-
propylxanthinyl-7-acetic acid its ester and amide. At the same time we found that obtaining of xanthinyl-7-acetic acid by hydrolysis of 
its ester produced with higher yield. On the next stage of our research we synthesized a number of water-soluble salts of 3-benzyl-8-
propylxanthinyl-7-acetic acid by reaction of acid with different primary and secondary amines. The structures of all obtained compounds 
were proved by the elemental analysis and 1H NMR-spectroscopy.
Conclusions. Obtained results of our work can be used for further search of biologically active compounds among xanthine derivatives 
with carboxyl residue.
Key words: xanthines, organic synthesis, NMR-spectroscopy.
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Синтез і фізико-хімічні властивості 3-бензил-8-пропілксантиніл-7-ацетатної кислоти та її похідних
Є. К. Михальченко, К. В. Александрова, С. В. Левіч, Д. М. Сінченко 
Гетероциклічні сполуки відіграють важливу роль у метаболічних процесах організму людини. В основі структур вітамінів, 
нуклеотидів, хромопротеїнів – нітрогеновмісні гетероцикли (пурин, піримідин, тіазол тощо). Виходячи з вищесказаного, оче-
видним є використання цих речовин як базових молекул для синтетичних досліджень із пошуку біологічно активних речовин, 
що можуть застосовуватися для лікування різноманітних патологічних станів. Багато науковців у своїх дослідженнях особливу 
увагу приділяють похідним ксантину, що є відомими природними сполуками з низькою токсичністю та широким спектром 
вираженої фармакологічної дії (антиоксидантної, діуретичної, протимікробної тощо). Введення до структури ксантинової 
молекули карбоксильної групи може значно підвищити її синтетичний потенціал.
Мета роботи – розробити препаративний метод синтезу похідних 3-бензил-8-пропілксантиніл-7-ацетатної кислоти та вивчити 
їхні фізико-хімічні властивості.
Матеріали та методи. Температуру плавлення визначали за допомогою капілярного методу на ПТП (М). 1Н-ЯМР-спектри 
реєстрували за допомогою Varian Mercury VX-200 – розчинник (ДМСО-d6), внутрішній стандарт – ТМС. Елементний аналіз 
сполук, що одержали, здійснили на пристрої Elementar Vario L Cube.
Результати. Як вихідну сполуку для дослідження обрали 3-бензил-8-пропілксантин. Далі одержали 3-бензил-8-пропілксан-
тиніл-7-ацетатну кислоту, її естер та амід взаємодією 3-бензил-8-пропілксантину з хлорацетатною кислотою, пропілхлорацетатом 
і хлороацетамідом у ДМФА у присутності розрахованої кількості NaHCO3. Встановили, що ксантиніл-7-ацетатну кислоту з 
більшим виходом можна одержати гідролізом естеру. Наступною стадією нашої роботи було одержання ряду водорозчинних 
солей 3-бензил-8-пропілксантиніл-7-ацетатної кислоти взаємодією кислоти з різноманітними первинними та вторинними 
амінами. Структури всіх сполук, що одержали, доведені методами елементного аналізу та 1Н-ЯМР-спектроскопії.
Висновки. Результати, що одержали, можуть бути використані для пошуку біологічно активних сполук серед карбоксилвміс-
них ксантинів.
Ключові слова: ксантини, органічний синтез, ЯМР-спектроскопія. 
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Синтез и физико-химические свойства 3-бензил-8-пропилксантинил-7-ацетатной кислоты и её производных
Е. К. Михальченко, Е. В. Александрова, С. В. Левич, Д. Н. Синченко 
Гетероциклические соединения играют важную роль в метаболических процессах организма человека. В основе структур 
витаминов, нуклеотидов, хромопротеинов – азотосодержащие гетероциклы (пурин, пиримидин, тиазол и т. д.). Исходя из 
вышесказанного, очевидным становится использование данных веществ в качестве базовых молекул для синтетических ис-
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Heterocyclic compounds play an important role in the 
metabolic processes of human organism. Structures of 

vitamins, nucleotides, chromoproteins are based on Nitro-
gen-containing heterocycles (purine, pyrimidine, thiazole 
etc) [1].

Thus, it was obvious to use these organic substances as 
basic molecules for synthetic research of biologically active 
compounds that could be used for treatment of different 
pathological processes [2,3]. In their research, some scientist 
paid special attention to xanthine derivatives that are well-
known low toxic natural compounds with wide spectrum 
of pronounced pharmacological properties (antioxidant, 
diuretic, antibacterial, anti-inflammatory etc). It should be 
noted, that xanthines have also high variability of chemical 
modification [4–8], that make them good objects for phar-
maceutical research. 

Carboxyl group is one of the most chemically active func-
tional group. It easily interacts with reagents in reactions of 
nucleophilic substitution. At the same time this functional 
group shows acidic properties that could be used for obtaining 
water-soluble derivatives of insoluble acids. Thus, insertion 
of carboxyl group in the structure of xanthine molecule is a 
prospective ability of its synthetic potential increasing [9].

Aim of the work
The aim of work is the development of method of 3-ben-

zyl-8-propylxanthinyl-7-acetic acid and its derivatives 
synthesis and studying their physical-chemical properties.

Materials and methods
Melting points were determined using capillary method 

on DMP (M). 1Н NMR-spectra were recorded by Varian 
Mercury VX-200 device (company «Varian», USA) solvent 
– (DMSO-d6), internal standard – ТМS. Elemental analysis 
of obtained compounds was produced on device Elementar 

Vario L cube. 
3-Benzyl-8-propylxanthine (1) was synthesized by method 

that we had described earlier [10]. 
3-Benzyl-8-propylxanthinyl-7-acetic acid (2). Method А. 

To 2.84 g (0,01 mole) of 3-benzyl-8-propylxanthine 1 15 ml 
DMF and 1.84 g (0.022 mole) NaHCO3 were added and 
mixture was heated for 15 min. After this 1.04 g (0.011 mole) 
of chloracetic acid was added and mixture was refluxed for 
2 h. Then solution was filtered. Filtrate was cooled, diluted 
with 50 ml of water. Precipitate, which appeared after 0.1 M 
sulfuric acid addition (up to pH 2), was filtered out, washed by 
water, dried at 80–85 °С and finally crystallized from ethanol. 

Method B. 3.84 g (0.01 mole) of ester 3 or 3.41 g (0.01 
mole) of amide 4 was dissolved in 90 ml of 0.5 M solution 
of NaOH. Mixture was stirred and refluxed for 2 h. Then 
solution was filtered. Filtrate was cooled, diluted with 50 ml 
of water and neutralized by 0.1 M sulfuric acid (up to pH 
2). Precipitate was filtered out, washed by water, dried at 
80–85 °С and finally crystallized from ethanol. 

Yield 92 %. M.p. 242–244 °С. C17H18N4O4. Found, %: C, 
59.78; H, 5.32; N, 16.43. Calculated, %: C, 59.64; H, 5.30; N, 
16.37. 1H NMR-spectrum (δ-scale, ppm., solvent DMSO-d6): 
12.61 (1H, s OH), 11.12 (1H, s, N1H), 7.32–7.11 (5H, m, 
CHаром), 5.02 (2H, s, N3-CH2), 4.97 (2H, s, N7-CH2), 2.59 
(2H, t, C8-CH2), 1.62 (2H, m, С8-C-CH2), 0.88 (3H, t, CH3).

Propyl 3-benzyl-8-propylxanthinyl-7-acetare (3). Method 
A. Tо 2.84 г (0.01 mole) of 3-benzyl-8-propylxanthine 1 15 
ml DMF and 0.92 g (0,011 mole) NaHCO3 were added and 
mixture was heated for 15 min. After this 0.011 mole of propyl 
chloroacetate was added and mixture was refluxed for 2 h. 
Then solution was filtered. Filtrate was cooled, diluted with 
50 ml of water. Precipitate was filtered out, washed by water, 
dried at 80–85 °С and finally crystallized from propanol. 

Method B. To the mixture of 3.42 g (0,01 mole) of 
xanthinyl-7-acetic acid 2, 80 ml of propanol and 6 ml of 
concentrated sulfuric acid 1.4-dioxane was added for full 

следований по поиску биологически активных веществ, которые могут применяться для лечения различных патологических 
состояний. Многие учёные в своих исследованиях особое внимание уделяют производным ксантина, которые, как известно, 
являются природными соединениями с низкою токсичностью и широким спектром выраженного фармакологического действия 
(антиоксидантного, диуретического, противомикробного и т. д.). Введение в структуру ксантиновой молекулы карбоксильной 
группы может значительно повысить её синтетический потенциал.
Цель работы – разработка препаративного метода синтеза производных 3-бензил-8-пропилксантинил-7-ацетатной кислоты и 
изучение её физико-химических свойств.
Материалы и методы. Температуру плавления определяли с помощью капиллярного метода на ПТП (М). 1Н-ЯМР-спектры 
регистрировали с помощью Varian Mercury VX-200 – растворитель (ДМСО-d6), внутренний стандарт – ТМС. Элементный 
анализ соединений был проведён на приборе Elementar Vario L Cube.
Результаты. В качестве исходного соединения для исследований нами были выбраны 3-бензил-8-пропилксантины. Далее были 
получены 3-бензил-8-пропилксантинил-7-ацетатная кислота, её эфир и амид взаимодействием 3-бензил-8-пропилксантина с 
хлорацетатной кислотой, пропилхлорацетатом и хлороацетамидом в ДМФА в присутствии рассчитанного количества NaHCO3. 
Установлено, что ксантинил-7-ацетатную кислоту с большим выходом можно получить гидролизом эфира. Следующей стадией 
нашей работы было получение ряда водорастворимых солей 3-бензил-8-пропилксантинил-7-ацетатной кислоты взаимодей-
ствием кислоты с различными первичными и вторичными аминами. Структуры всех полученных соединений были доказаны 
методами элементного анализа и 1Н-ЯМР-спектроскопии.
Выводы. Полученные в ходе нашей работы результаты могут быть использованы для дальнейшего поиска биологически ак-
тивных соединений среди карбоксилсодержащих ксантинов.
Ключевые слова: ксантины, органический синтез, ЯМР-спектроскопия. 
Актуальные вопросы фармацевтической и медицинской науки и практики. – 2017. – Т. 10, № 1(23). – С. 14–19
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dissolution of acid 2. Solution, that was formed, was refluxed 
for 5 h, cooled and diluted by 300 ml of water. Precipitate was 
filtered out, washed by water, dried at 80–85 °С and finally 
crystallized from propanol.

Yield 71 %. M.p. 165–169 °С. C20H24N4O4. Found, %: C, 
62.09; H, 6.26; N, 14.45. Calculated, %: C, 62.49; H, 6.29; N, 
14.57. 1H NMR-spectrum (δ-scale, ppm., solvent DMSO-d6): 
11.02 (1H, s, N1H), 7.36-7.11 (5H, m, CHаром), 5.14 (2H, s, 
N7-CH2), 5.02 (2H, s, N3-CH2), 4.01 (2H, t, О-CH2), 2.54 (2H, 
t, C8-CH2), 1.67 (2H, m, О-C-CH2), 1.53 (2H, m, С8-C-CH2), 
0.89 (3H, t, CH3), 0.67 (3H, t, О-C-C-CH3).

Amide of 3-benzyl-8-propylxanthinyl-7-acetic acid was 
obtained by method A. 1.02 g (0.011 mole) of chloroace-
toamide was used as reagent for alkylation.

Yield 77 %. M.p. 289–292 °С. C17H19N5O3. Found, %: C, 
59.94; H, 5.59; N, 20.57. Calculated, %: C, 59.81; H, 5.61; N, 
20.52. 1H NMR-spectrum (δ-scale, ppm., solvent DMSO-d6): 
11.11 (1H, s, N1H), 7.63 (1H, s, NH), 7.37–7.18 (5H, m, 
CHаром), 7.11 (1H, s, NH), 5.02 (2H, s, N3-CH2), 4.82 (2H, 
s, N7-CH2), 2.53 (2H, t, C8-CH2), 1.62 (2H, m, С8-C-CH2), 
0.87 (3H, t, CH3).

Ammonium salts of 3-benzyl-8-propylxanthinyl-7-acetic 
acid (5-15). Method A. To 0.5 g (0.0015 mole) of acid 2 10 ml 
of water and 0.0015 mole of appropriate amine were added. 
Mixture was heated up to full dissolution of acid. Solution 
was filtered, filtrate was cooled and acetone was added. 
Precipitate was filtered out and washed by acetone, diethyl 
ether and dried at 80–85 °С. 

Method B. Mixture of 1.71 g (0,005 mole) acid 2, 0.005 

mole of appropriative amine, 5 ml of water and 20 ml of 
propanol was heated up to dissolution and filtered. Filtrate 
was cooled up to 0 ºС and left for 24 h. Precipitate was 
filtered out and washed by acetone, diethyl ether and dried 
at 80–85 °С. 

Results and their discussion
As initial compound for synthesis of 3-benzyl-8-propyl-

xanthinyl-7-acetic acid 2 we used 3-benzyl-8-propylxanthine 
1, which had been obtained by the method described by us 
earlier [10].

3-Benzyl-8-propylxanthinyl-7-acetic acid, its amide and 
propyl ester were synthesized using xanthine alkylation me-
thodic [11]. Reaction was carried out in DMF in the presence 
of calculated amount of NaHCO3 and addition chloroacetic 
acid, chloroacetamide or propyl chloroacetate as reagents 
(Fig. 1). 

It should be noted, that xanthinyl-7-acetic acid 2 was ob-
tained with higher yield as result of hydrolysis of ester 3 and 
amide 4. Ester 3 was also synthesized by interaction of acid 2 
and propanol in the presence of dioxane and catalytic amount 
of concentrated sulfuric acid. Samples of compounds, that 
were obtained by different methods, didn’t show depression 
of melting points and their 1H NMR-spectra were identical.

3-Benzyl-8-propylxanthinyl-7-acetic acid 2 is pale yellow 
crystal compound, that is soluble in propanol, dioxane, DMF, 
DMSO, and aqueous solution of NaOH. Acid 2 also interact 
with NaHCO3 with CO 2 gassing that proved presence of 
carboxyl group in the structure of compound 2. 
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Fig. 1. Scheme of 3-benzyl-8-propylxanthinyl-7-acetic acid, its ester and amide synthesis.



Актуальні питання фармацевтичної і медичної науки та практики. – 2017. – Т. 10, №1(23)ISSN 2306-8094 17

Synthesis and physical-chemical properties of 3-benzyl-8-propylxanthinyl-7-acetic acid and its derivatives

In 1Н NMR-spectrum of acid 2 (Table 1) we registered 
signal of carboxyl group proton as low intensive singlet at 
weak filed at 12,61 ppm, and intensive singlet of CH2-group 
at 4,97 ppm, that confirmed acetate residue presence. Other 
signals corresponded to the protons of NH-group of xanthine 
heterocycle and methyl, methylene and aromatic groups of 
side-chain residues.

Propyl 3-benzyl-8-propylxanthinyl-7-acetate 3 is a white 
amorphous compound, soluble in ethanol, propanol, dioxane, 
DMF, DMSO and insoluble in water. 

In 1Н NMR-spectrum of ester 3 were absent signals of NH-
group of imidazole fragment or hydroxyl group of carboxyl, 
that were present in spectra of initial 8-propylxanthine 1 [10] 
or acid 2. Instead of this we registered: intensive singlets of 
two methylene groups protons (2H), that associated with 
Nitrogen atoms at position 3 and 7 of xanthine molecule at 
5.02 ppm and 5.14 ppm; protons of methyl and methylene 

groups of ester fragment resonated as two triplets at 4.01 ppm 
(2Н) and at 0.67 ppm (6Н) and one multiplet at 1.67 ppm 
(2Н) respectively. 

In 1Н NMR-spectrum of amide 4 the presence of acetamide 
residue was confirmed by the next signals: singlets of amide 
protons at 7.63 ppm (1H) and 7.11 ppm (1H) and intensive 
singlet of methylene group at 4.82 ppm. 

The next stage of our synthetic research was obtaining 
water-soluble salts of 3-benzyl-8-propylxanthinyl-7-ace-
tic acid 5-15 by heating of acid 2 with different pri-
mary, secondary aliphatic amines in water or aqueous  
propanol (Fig. 2).

Synthesized ammonium salts were white or pale yellow 
crystal compounds, soluble in water and insoluble in diethyl 
ester and acetone.

Physical-chemical properties of synthesized compounds 
5-15 are represented in the Table 1.

Table 1. Physical-chemical properties of synthesized compounds 5-15

HN

XH

CH3N N

N

O

O

O

O
–

+

C
om

-
po

un
d

X m.p.
Found, %

Formula
Calculated, %

Yield, %
С H N С Н N

5 NH3 165-7 56.63 5.85 19.43 C17H21N5O4 56.82 5.89 19.49 87

6 NH2C2H5 224-6 58.63 6.47 18.04 C19H25N5O4 58.90 6.50 18.08 82

7
H2N

224-7 59.77 6.80 17.46 C20H27N5O4 59.84 6.78 17.44 89

8 NH2C4H9-n 185-9 60.81 7.01 16.82 C21H29N5O4 60.71 7.04 16.86 74

9 NH2CH2CH2OH 220-4 56.38 5.93 17.89 C19H25N5O5 56.57 6.25 17.36 83

10 HN O 186-9 58.52 6.33 16.27 C21H27N5O5 58.73 6.34 16.31 83

11 NH2N O 154-6 56.88 6.33 18.84 C21H28N6O5 56.75 6.35 18.91 77

12
H2N

167-70 63.96 6.03 15.49 C24H27N5O4 64.13 6.05 15.58 79

13
H2N

F 188-94 61.53 5.58 14.93 C24H26FN5O4 61.66 5.61 14.98 69

14
H2N

165-7 64.59 6.32 15.03 C25H29N5O4 64.78 6.31 15.11 68

15
H2N

O

167-70 59.51 5.61 15.73 C22H25N5O5 60.13 5.73 15.94 78
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Conclusions
1. We have developed the method of synthesis of 3-ben-

zyl-8-propylxanthinyl-7-acetic acid, its propyl ester and 
amide by alkylation of 3-benzyl-8-propylxanthine. 

2. We have found that obtaining of 3-benzyl-8-propyl-
xanthinyl-7-acetic acid by hydrolysis of its ester is produced 

with the higher yield.
3. A number of water-soluble salts of 3-benzyl-8-propyl-

xanthinyl-7-acetic acid have been obtained by reaction of acid 
with different primary and secondary amines. 

4. The structures of  all obtained compounds have been 
proved by the elemental analysis and 1H NMR-spectroscopy.
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H2O, C3H7OH-n

5-15

X = ammonium, ethylamine, isopropylamine, butylamine, monoethanolamine, morpholine,
N-aminomorpholine, benzylamine, 4-fluorobenzylamine, phenylethylamine, furfurylamine

Fig 2. Scheme of water-soluble 3-benzyl-8-propylxanthinyl-7-acetates synthesis.
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