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Synthesis and the diuretic activity of 8-aminosubstituted of 
7-(2-hydroxy-3-p-metoxyphenoxypropyl-1)-3-methylxanthine

It has been found that natural xanthines, as well as their synthetic analogs, possess the diuretic effect. 
Analysis of the literature proves that there is a great opportunity of applying synthetic derivatives of N-methylated 
xanthines as potential diuretics.

Aim. To develop preparative methods of the synthesis of 8-aminosubstituted of 7-(2-hydroxy-3-p-metoxy-
phenoxypropyl-1)-3-methylxanthine and study their physical, chemical and biological properties. 

Results. The synthesis of a series of 8-aminosubstituted of 7-(2-hydroxy-3-p-metoxyphenoxypropyl-1)-
3-methylxanthine was carried out. According to the results of the biological testing the compounds synthe-
sized belong to the toxicity of class IV. 7-(2-Hydroxy-3-p-methoxyphenoxypropyl-1)-8-(furyl-2-methylamino)-3-
methylxanthine xanthine shows the highest diuretic activity, and hence, requires a more in-depth study since it 
is twice more active than hydrochlorothiazide. It should be emphasized that all compounds synthesized exhibit 
a marked diuretic effect. 

Experimental part. 8-Bromo-7-(2-hydroxy-3-p-methoxyphenoxypropyl-1)-3-methylxanthine was obtained by 
heating 8-bromo-3-methylxanthine with p-methoxyphenoxymethyloxirane in butanol-1 and in the presence of 
N,N-dimethylbenzylamine. 8-Aminosubstitutied of 7-(2-hydroxy-3-p-metoxyphenoxypropyl-1)-3-methylxanthine 
was obtained by boiling of bromoalcohol with the primary and secondary amines. The structure of the com-
pounds synthesized was unambiguously confirmed by NMR-spectroscopy. The acute toxicity of the compounds 
obtained was studied by Kerber method. The study of the diuretic activity of the compounds was carried out using 
Ye. Berkhin method. Hydrochlorothiazide was used as a reference substance. 

Conclusions. Simple methods for the synthesis of 8-amino-7- (2-hydroxy-3-p-methoxyphenoxypropyl-1)-
3-methylxanthines have been developed. The structure of the compounds synthesized has been confirmed by 
the method of NMR 1Н-spectroscopy. The acute toxicity and the diuretic activity of the compounds obtained have 
been studied.
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Синтез та діуретична дія 8-амінозаміщених 7-(2-гідрокси-3-п-метоксифеноксипропіл-1)-
3-метилксантину
Відомо, що як природні ксантини, так і їх синтетичні аналоги виявляють діуретичну дію. Аналіз даних 

літератури свідчить про значну перспективу використання синтетичних похідних N-метильованих ксан-
тинів в якості потенційних діуретичних засобів. 

Метою даної роботи є розробка препаративних методів синтезу 8-амінозаміщених 7-(2-гідрокси-3-п-
метоксифеноксипропіл-1)-3-метилксантину та вивчення їх фізико-хімічних та біологічних властивостей. 

Результати та їх обговорення. Був синтезований ряд 8-амінозаміщених 7-(2-гідрокси-3-п-метокси-
феноксипропіл-1)-3-метилксантину. За результатами біологічних випробувань синтезовані сполуки відносяться до 
IV класу токсичності. 7-(2-Гідрокси-3-п-метоксифеноксипропіл-1)-8-(фурил-2-метиламіно)-3-метилксантин 
виявляє найвищу діуретичну активність, а отже потребує більш досконалого вивчення, оскільки він більш 
ніж у 2 рази активніший за гідрохлортіазид. Необхідно підкреслити, що всі синтезовані сполуки виявляють 
виразну діуретичну дію.

Експериментальна частина. 8-Бромо-7-(2-гідрокси-3-п-метоксифеноксипропіл-1)-3-метилксантин отри-
мали нагріванням 8-бромо-3-метилксантину з п-метоксифеноксиметилоксираном у бутанолі-1 в присутнос-
ті N,N-диметилбензиламіну. 8-Амінозаміщені 7-(2-гідрокси-3-п-метоксифеноксипропіл-1)-3-метилксантину 
синтезовані шляхом кип’ятіння бромоспирту з первинними та вторинними амінами. Структура синтезова-
них сполук була однозначно доведена методом ПМР-спектроскопії. Гостра токсичність синтезованих спо-
лук була вивчена за методом Кербера. Вивчення діуретичної дії отриманих сполук проводили за методом 
Берхіна Є. Б. В якості еталону порівняння використовували гідрохлортіазид. 

Висновки. Були розроблені прості у виконанні методики синтезу 8-амінозаміщених 7-(2-гідрокси-
3-п-метоксифеноксипропіл-1)-3-метилксантину. Структура синтезованих сполук була доведена методом 
ПМР-спектроскопії. Вивчена гостра токсичність та діуретична активність отриманих речовин.

Ключові слова: ксантини; органічний синтез; ПМР-спектроскопія; гостра токсичність; діуретична дія
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Синтез и диуретическое действие 8-аминозамещенных 7-(2-гидрокси-3-п-
метоксифеноксипропил-1)-3-метилксантина
Известно, что как природные ксантины, так и их синтетические аналоги обладают диуретическим дей-

ствием. Анализ данных литературы свидетельствует о значительной перспективе использования синте-
тических производных N-метилированных ксантинов в качестве потенциальных диуретических средств. 

Цель данной работы – разработка препаративных методов синтеза 8-аминозамещенных 7-(2-гидрокси-
3-п-метоксифеноксипропил-1)-3-метилксантина и изучение их физико-химических и биологических свойств. 

Результаты и их обсуждение. Синтезирован ряд 8-аминозамещенных 7-(2-гидрокси-3-п-метоксифенокси-
пропил-1)-3-метилксантина. По результатам биологических испытаний синтезированные соединения от-
носятся к IV классу токсичности. 7-(2-Гидрокси-3-п-метоксифеноксипропил-1)-8-(фурил-2-метиламино)-3-
метилксантин имеет наибольшую диуретическую активность, а следовательно необходимо доскональное 
изучение, поскольку он более чем в 2 раза активнее  гидрохлортиазида. Необходимо подчеркнуть, что все 
синтезированные соединения оказывают выраженное диуретическое действие. 

Экспериментальная часть. 8-Бром-7-(2-гидрокси-3-п-метоксифенокси пропил-1)-3-метилксантин получен 
нагреванием 8-бром-3-метилксантина с п-метоксифеноксиметилоксираном в бутаноле-1 в присутствии 
N,N-диметилбензиламина. 8-Аминозамещенные 7-(2-гидрокси-3-п-метокси феноксипропил-1)-3-метилксантина 
синтезированы путем кипячения бромоспирта с первичными и вторичными аминами. Структура синтези-
рованных соединений однозначно доказана методом ПМР-спектроскопии. Острая токсичность синтези-
рованных соединений изучалась по методу Кербера. Изучение диуретической активности полученных соеди-
нений проводили по методу Берхина Е. Б. В качестве эталона сравнения использовали гидрохлортиазид. 

Выводы. Разработаны простые в выполнении методики синтеза 8-аминозамещенных 7-(2-гидрокси-
3-п-метоксифеноксипропил-1)-3-метилксантина. Структура синтезированных соединений доказана мето-
дом ПМР-спектроскопии. Изучена острая токсичность и диуретическая активность полученных веществ.

Ключевые слова: ксантины; органический синтез; ПМР-спектроскопия; острая токсичность; диуре-
тическое действие

To find original and non-toxic diuretics is an impor-
tant task of modern pharmaceutical chemistry since 
diuretics are widely used in the comprehensive treat-
ment of various cardiovascular diseases [1-3]. It has 
been found that natural xanthines (theophylline, theo-
bromine, caffeine), as well as their synthetic analogs 
(euphyllin, etofylline), possess the diuretic effect [4]. 
Analysis of the literature proves that there is a great 
opportunity of applying synthetic derivatives of N-
methylated xanthines as potential diuretics [5-7].

The aim of this work is to develop preparative me- 
thods of the synthesis of 3-methylxanthine derivati- 
ves not described earlier and study their physical, 
chemical and biological properties.
Results and Discussion

As the initial compound 8-bromo-7-(2-hydroxy- 
3-p-methoxyphenoxypropyl-1)-3-methylxanthine (2) 
was selected since its analogs revealed a high biolo- 
gical effect [7-12]. As shown in Scheme, the initial 
bromoalcohol 2 was obtained by heating 8-bromo-
3-methylxanthine (1) [13] with p-methoxyphenoxy-
methyloxirane in butanol-1 and in the presence of N,N-  
dimethylbenzylamine. The NMR-spectrum of bromo- 
alcohol 2 clearly confirmed its structure (Tab. 1). The 
uracil part of the molecule was characterized by two 
singlets at 11.25 ppm and 3.30 ppm with the intensi-
ty of 1 and 3 proton units caused by the resonance of 
protons in the N1Н- and N3СН3-groups, respectively. 
The presence of a substituent in position 7 of the xan-
thine molecule was confirmed by a doublet at 5.44 ppm 
(1H, OH) and a singlet at 3.69 ppm (3H, ОСН3). As 
the result of chirality of the carbon atom in position 

2 of the N7-propyl residue its methylene and methine 
protons in the NMR spectrum were recorded as two 
multiplets at 4.45-4.15 ppm (3H) and 3.88 ppm (2H). 
Aromatic protons of the p-methoxyphenoxypropyl re- 
sidue were registered in the form of an intense singlet 
at 6.78 ppm (4H) indicating their magnetic equivalence. 

The presence of the bromine atom in position 8 
of the xanthine molecule allowed studying the reac-
tions of bromoalcohol 2 with various amines. It was 
found that when heating compound 2 with the prima-
ry and secondary amines of the aliphatic or hetero-
cyclic series, the reaction of the bromine atom sub-
stitution by the amine residue occurred under brief 
boiling of synthons in the aqueous dioxane medium 
along with formation of the corresponding 8-amino-
substituted (3-5, 8-13) (Scheme). The reaction with 
aromatic amines in these conditions was not perfor- 
med. The synthesis of 8-m-tolylaminoxanthine (6) and 
p-ethoxyphenylaminoxanthine (7) was carried out by 
boiling synthons in the excess of amine without sol-
vents. The 8-aminoderivatives of 7-(2-hydroxy-3-p- 
methoxyphenoxypropyl-1)-3-methylxanthine (3-13) 
obtained are white crystalline compounds that are 
insoluble in water and diethyl ether. Meanwhile, they 
are soluble in dioxane, dimethylformamide, and di-
methylsulfoxide. Compounds 4 5, 11, 13 are soluble 
in diluted mineral acids. The structure of 8-amino- 
xanthines 3-13 synthesized was proven by NMR-spectro- 
scopy data (Tab. 1). The spectra have clear proton sig-
nals, which are substituents of the appropriate form and 
intensity located in the relevant part of the spectrum. 

According to the results of the biological testing 
the compounds synthesized belong to the toxicity of 
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class IV. Their LD50 is in the range of 290-835 mg/kg. 
The most toxic ones are 8-n-butylaminoxanthine 3 
(290 mg/kg) and 4-benzylpiperidinoxanthine 12 
(302 mg/kg).  Virtually, 8-(furyl-2-methylamino)xan-
thine 8 (835 mg/kg) is a non-toxic compound. It should 
be mentioned that compound 8 shows the highest 
diuretic activity, and hence, requires a more in-depth 
study since it is twice more active than hydrochloro-
thiazide (a reference substance). It should be empha-
sized that all compounds synthesized exhibit a marked 
diuretic effect. Apart from 8-furylmethylamino deri- 

vative 8, such compounds as butylaminoxanthine 3 
(231.8 %), N,N-diethylaminoethylaminoxanthine 5 
(199.3 %), m-tolylaminoxanthine 6 (243.5 %), p-ethoxy-
phenylaminoxanthine 7 (21.0 %) are even more active 
than hydrochlorothiazide. Aminoxanthines 9 (186.2 %) 
and 12 (185.2 %) containing benzyl residue in their 
structure are practically equivalent to hydrochloro-
thiazide. 

The above-mentioned details clearly indicate a great 
opportunity and feasibility of further search for non-toxic 
diuretics among xanthine derivatives.

Scheme

Table 1

The values of the chemical shift in NMR-spectra of the compounds synthesized (2-13) 

Co
m

po
un

d

δ-scale, ppm

N1H  
(s, 1Н) СНarom C8NH OH  

(d, 1Н) N7CH2CHCH2O OCH3 
(s, 3Н)

N3CH3 
(s, 3Н) Other signals

1 2 3 4 5 6 7 8 9

2 11.25 6.78 (s, 4H) – 5.44 4.45-4.15 (m, 3H);  
3.88 (m, 2H) 3.69 3.30

3 10.14 6.79 (s, 4H) 6.40  
(t, 1H) 5.40 4.30-4.10 (m, 3H); 

3.95-3.80 (m, 2H) 3.72 3.36
3.33 (m, 2H) – NCH2; 1.58 

(m, 2H) – CH2C; 1.40 (m, 2H) – 
CH2C; 0.95 (t, 3H) – CH3

4 10.20 6.83 (s, 4H) 6.48  
(t, 1H) 5.38 4.28-3.85 (m, 5H) 3.73 3.35

3.42 (q, 2H) – NCH2; 2.95 (t, 
2H) – NCH2; 2.21 (s, 6H) – 

N(CH3)2
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Experimental Part

The melting point was determined using the open 
capillary method with PTP-M device. Elemental ana- 
lysis was performed using an Elementar Vario L cube 
device; NMR-spectra were taken on a Bruker SF-300 
spectrometer (with the operating frequency of 300 MHz, 
DMSO as a solvent, and TMS as an internal standard). 
These data corresponded to the elemental analysis 
calculated.

Analytical data of the compounds synthesized are 
given in Tab. 1, 2.

The synthesis of 8-bromo-7-(2-hydroxy-3-p- 
methoxyphenoxypropyl-1)-3-methylxanthine (2). 
Boil the mixture of 24.5 g (0.1 Mole) of 8-bromo-3- 
methylxanthine [13], 19.8 g (0.11 Mole) of p-methoxy-
phenoxymethyloxirane, 1 ml of N,N-dimethylbenzyl- 
amine in 150 ml of butanol-1 for 3 h. Then filter the 
mixture being hot, rinse in a cold dioxane and water 
and crystallize from the aqueous dioxane.

The synthesis of 8-n-butylamino-7-(2-hydroxy- 
3-p-methoxyphenoxypropyl-1)-3-methylxanthi- 
ne (3). Boil the mixture of 4.25 g (0.01 Mole) of bro-

Table 2

The physicochemical characteristics of the 
compounds synthesized (2-13) 

Co
m

po
un

d

M. p., °С The empirical 
formula Yield, %

2 190-192 C16H17BrN4O5 87.1
3 241-242 C20H27N5O5 91.1
4 221-222 C20H28N6O5 81.0
5 216-217 C22H32N6O5 87.0
6 286-287 C23H25N5O5 85.1
7 241-242 C24H27N5O6 66.4
8 226-227 C21H23N5O6 70.3
9 172-173 C24H27N5O5 94.6

10 192-193 C20H25N5O5 89.1
11 200-201 C21H28N6O5 93.2
12 209-210 C28H33N5O5 84.6
13 183-184 C22H30N6O6 69.6

1 2 3 4 5 6 7 8 9

5 10.27 6.81 (s, 4H) 6.50  
(t, 1H) 5.39 4.28-3.83 (m, 5H) 3.72

3.35 
(s, 5H) 
+NCH2

2.52 (m, 6H) – NCH2; 0.98  
(t, 6H) – CH3

6 10.47

7.38 (d, 1H), 
7.29 (s, 1H), 
7.11 (t, 1H), 
6.83 (d, 2H), 
6.74 (m, 3H)

8.84  
(s, 1H) 5.88

4.49 (d, 1H);  
4.35-4.25 (m, 2H); 
4.08-3.82 (m, 2H)

3.72 3.43 2.33 (s, 3H) – ArCH3

7 10.45 7.28 (q, 4H), 
6.73 (q, 4H)

8.04  
(s, 1H) 5.81 4.44-4.25 (m, 3H);  

3.96 (m, 4H)+OCH2
3.72 3.40 1.35 (t, 3H) – CH3C

8 10.38 7.43 (s, 1H) 7.09  
(t, 1H) 5.40 4.25-4.10 (m, 3H); 

3.89-3.80 (m, 2H) 3.71 3.35 4.53 (d, 2H) – NCH2

9 10.80 7.38-7.24 (m, 
5H); 6.78 (q, 4H) – 5.48 4.37 (m, 1H); 4.23  

(d, 2H); 3.82 (m, 2H) 3.67 3.28 4.50 (q, 2H) – NCH2;  
2.83 (s, 3H) – NCH3

10 10.29 6.76 (s, 4H) – 5.22 4.43-4.18 (m, 3H);  
3.86 (d, 2H) 3.73 3.35

3.64 (m, 2H) – NCH2;  
3.54 (m, 2H) – NCH2;  

1.92 (m, 4H) – N(CH2)2

11 10.88 6.75 (q, 4H) – 5.39 4.39 (m, 1H); 4.13  
(m, 2H); 3.82 (m, 2H) 3.67 3.30

3.28 (m, 2H) – NCH2;  
3.09 (m, 2H) – NCH2;  

2.38 (m, 4H) – N(CH2)2;  
2.18 (s, 3H) – NCH3

12 10.86
7.28 (t, 2H); 

7.17 (m, 3H); 
6.74 (q, 4H)

– 5.38 4.33 (m, 1H); 4.18  
(d, 2H); 3.79 (m, 2H) 3.65 3.29

3.6 (d, 1H) – NCH2;  
3.39 (d, 1H) – NCH2;  
2.80 (t, 1H) – NCH2;  

2.69 (t, 1H) – NCH2; 1.68-
1.50 (m, 3H) – CH2-Ar+CCH; 

1.35-1.1 (m, 4H) – C(CH2)2

13 10.64 6.77 (q, 4H) – 5.31
4.40 (m, 1H); 4.16  
(d, 2H); 3.90-3.78  

(m, 3H)+OH
3.73

3.38 
(s, 5H) 
+NCH2

3.53 (q, 2H) – OCH2;  
3.17 (m, 2H) – NCH2;  

2.59 (m, 4H) – N(CH2)2;  
2.49 (m, 2H) – NCH2

Continuation of Table 1
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moxanthine, 2, 3 ml (0.03 Mole) of n-butylamine, 30 ml 
of water with 30 ml of dioxane for 1 h. After that, cool 
the mixture, and add 100 ml of water. Filter the pre-
cipitate, rinse in water and crystallize from the aqueous 
dioxane.

Compounds 4, 5, 8-13 were obtained in a similar 
way. Compounds 4, 5, 11, 13 were purified using the 
reprecipitation method. Compounds 8-10, 12 were 
crystallized from the aqueous dioxane.

The synthesis of 7-(2-hydroxy-3-p-methoxyphe-
noxypropyl-1)-3-methyl-8-m-tolylaminoxanthine (6). 
Boil the solution of 4.25 g (0.01 Mole) of bromoxan-
thine 2 in 15 ml of m-toluidine for 1 h. Then cool it, 
and add 150 ml of propanol-2. Filter the precipitate, 
rinse in propanol-2, acetone and water and then crys-
tallize from the aqueous DMF.

Compound 7 was obtained in a similar way.
The acute toxicity of the compounds synthesized 

was studied by Kerber method [8] in white mice 
weighing 18-24 g.

The study of the diuretic activity of the compounds 
was carried out using Ye. Berkhin method [9]. The 
compounds studied were injected introperitoneally 

in the dose of 1/20 LD50 as a 3-5 % thin aqueous suspen-
sion stabilized by Tween-80 30 min prior to the water 
load. Hydrochlorothiazide in the dose of 25 mg/kg  
was used as a reference substance.

Data of the biological effects of the compounds 
synthesized are shown in Tab. 3.
Conclusions

1. Simple methods for the synthesis of 8-amino- 
7-(2-hydroxy-3-p-methoxyphenoxypropyl-1)-3- 
methylxanthines have been developed.

2. The structure of 7,8-disubstituted derivatives 
of 3-methylxanthine synthesized has been confirmed 
by the method of NMR 1Н-spectroscopy.

3. The acute toxicity and the diuretic activity of 
the compounds obtained have been studied. For more 
in-depth pharmacological studies 7-(2-hydroxy-3-p-
methoxyphenoxypropyl-1)-3-methyl-8-(furyl-2)-
methylaminoxanthine (8) has been proposed, it in-
creases diuresis by 3 times and is twice more active 
than hydrochlorothiazide.
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Table 3

The acute toxicity and the diuretic activity of the compounds synthesized (2-13)

Compound LD50, mg/kg
Diuresis in

2 hours 4 hours
M ± m, ml % of control M ± m, ml % of control

3 290.0 ± 18.7 3.14 ± 0.16* 219.6 6.56 ± 0.27* 231.8
4 428.0 ± 28.9 2.90 ± 0.13* 202.8 4.51 ± 0.14 159.4
5 365.0 ± 22.4 2.74 ± 0.11* 181.6 5.64 ± 0.26** 199.3
6 620.0 ± 34.3 2.97 ± 0.21* 207.7 6.89 ± 0.23** 243.5
7 344.0 ± 21.9 3.39 ± 0.17* 237.1 5.97 ± 0.15* 211.0
8 835.0 ± 44.6 3.94 ± 0.17** 275.5 8.53 ± 0.22** 301.4
9 515.0 ± 31.7 3.27 ± 0.12* 228.7 5.27 ± 0.12* 186.2

10 545.0 ± 28.4 2.53 ± 0.14* 176.9 3.54 ± 0.23 125.1
11 405.0 ± 23.6 2.23 ± 0.17* 155.9 4.46 ± 0.11* 157.6
12 302.0 ± 19.7 2.70 ± 0.21* 188.8 5.24 ± 0.23* 185.2
13 695.0 ± 37.6 2.37 ± 0.11* 165.7 4.17 ± 0.20 147.3

Control 1.43 ± 0.13 100 2.83 ± 0.28 100
Hydrochlorothiazide 2.72 ± 0.09* 190.2 5.38 ± 0.13* 190.1

Notes: * – p < 0.05; ** – p < 0.01.
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