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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 "H-spectroscopy. The acute toxicity and the diuretic activity of the compounds obtained have
been studied.

Key words: xanthine; organic synthesis; NMR-spectroscopy; acute toxicity; diuretic effect
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CwuHTe3 Ta giypeTnyHa Aia 8-amiHo3amiweHux 7-(2-rigpokcu-3-n-metokcuceHokecunponin-1)-

3-MeTUNKCaHTUHY

Bigomo, Lo sik NpMpoaHi KCaHTUHK, TakK i iX CUHTETUYHI @aHanoru BUSIBNAKTL AiypeTUYHY Aito. AHani3 gaHux
niTepatypv CBiA4YMTb NPO 3HAYHY NEPCNEKTUBY BUKOPUCTAHHA CUHTETUYHMX MNOXiAHMX N-MeTUnboBaHUX KcaH-
TUHIB B IKOCTi NOTEHUNHKX AiypPETUYHNX 3acobiB.

MeToto faHoi poboTn € po3pobka npenapaTMBHUX METOAIB CUHTE3Y 8-aMiHo3aMilweHux 7-(2-rigpokcu-3-n-
MeTokcnbeHoKeMnponin-1)-3-MeTUNKCaHTUHY Ta BUBYEHHS iX (Di3MKO-XiMiYHMX Ta BionoriyHMX BNacTUBOCTEN.

Pesynbratn Ta ix o6roBopeHHs. byB cvHTe3oBaHun pag 8-amiHosamiweHux 7-(2-rigpokcu-3-n-MeToKeu-
dheHokemnponin-1)-3-metunkcaHTuHy. 3a pesynsratamy GionoriyHMx BUNpPoOyBaHb CUHTE30BaHI ComyKN BiQHOCATLCS A0
IV knacy TokcuyHocTi. 7-(2-Tigpokcun-3-n-metokcndeHokemnponin-1)-8-(dypun-2-mMeTunamiHo)-3-MeTUnKCaHTUH
BUSIBMSIE HANBULLY AiYPETUYHY aKTUBHICTb, @ OT)XKe NoTpebye GinbLu JOCKOHANOoro BUBYEHHS, OCKINbKM BiH GinbLL
HIXK Y 2 pasu akTUBHILLWIA 3a rigpoxnopTia3ug. HeobxigHo nigkpecnuTn, WO BCi CUHTE30BaHi CMOMyKN BUSBMSAIOTH
BMpPa3Hy AiypeTuyHy Aito.

EkcnepumeHTanbHa YactuHa. 8-bpomo-7-(2-rinpokcu-3-n-meTokcmdpeHokeunponin-1)-3-MeTunkcaHTMH oTpu-
Marnu HarpiBaHHsM 8-6poMO-3-METUNKCAHTUHY 3 M-METOKCUAEHOKCUMETMITOKCMPaHOM y ByTaHoni-1 B npucyTHOC-
Ti N,N-gumeTtnnbeHsmnaminy. 8-AmiHosamilleHi 7-(2-rinpokcun-3-n-meTokendeHokennponin-1)-3-MeTunkcaHTuHy
CVMHTE30BaHi LUMAXOM KMM'ATIHHA 6pOMOCMNPTY 3 NEPBUHHUMW Ta BTOPUHHUMY amiHamu. CTpyKTypa cuHTe3oBa-
HMX cnonyk byna ofHo3Ha4YHO aoBeneHa MeTtogoM NMMP-cnekTpockonii. focTpa TOKCUYHICTb CUHTE30BaHUX CMo-
BepxiHa €. b. B sikocTi eTanoHy NopiBHSAHHA BUKOPWCTOBYBAanu rigpoxnopTiasva.

BucHoBku. Bynu po3pobrnieHi NpocTi y BUKOHaHHI METOANKM CUHTE3Y 8-amiHOo3amileHux 7-(2-rigpokcu-
3-n-meTokcudpeHokemnponin-1)-3-metunkcaHTuHy. CTpyKTypa CMHTE30BaHUX crofnyk byna goBegeHa MeToaoM
MMP-cnekTpockonii. BuB4eHa roctpa TOKCUYHICTb Ta AiypeTUdHa akTUBHICTb OTPUMaHNX PEYOBUH.

Knroyoei crioga: kCaHTWHW; opraHivyHui cuHTes; NMMP-cnekTpockonis; roctpa TOKCUYHICTb; AiypeTuyHa ais
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CuHTe3 n guypeTtmnyeckoe aemcTeme 8-aMMHO3aMeleHHbIX 7-(2-ruapokcu-3-n-

MeToKkcueHokcunponus-1)-3-meTUNKcaHTUHa

M3BeCTHO, 4YTO Kak NpUPOAHbIE KCAHTWHBI, Tak M UX CUHTETUYECKME aHanory obnagatoT AMypeTnyeckum aen-
cTBMeM. AHanu3 AaHHbIX NUTepaTypbl CBMAETENbCTBYET O 3HAYUTENBHON NEepCnekTMBe UCMOMb30BaHNA CUHTE-
TNYECKNX NPOMN3BOAHBLIX N-MEeTUNMpOBaHHbIX KCAHTUHOB B KAYECTBE NOTEHLMANbHbLIX ANYPETUYECKUX CPEACTB.

Llenb naHHom paboTbl — padpaboTka npenapaTyBHbIX METOAOB CUHTE3a 8-aMMHO3aMELLEHHBIX 7-(2-rMapOKCU-
3-n-meTokcudeHoKennponun-1)-3-MeTUNKCaHTUHA U U3yYeHre X PUSNKO-XUMUYECKUX 1 B1OMOrMYECKUX CBONCTB.

Pe3yniktathkl U nx obeyxaeHue. CuHTE3VPOBaH psf 8-aMMHO3aMeLLEHHbIX 7-(2-MMApOKCK-3-N-MeTOKCUEHOKCH-
nponun-1)-3-meTunkcaHTuHa. Mo pesynsratam 6GUONOrMYECKNX UCTMbITAHWUIA CUHTE3MPOBaHHbIE COEANHEHUS OT-
HocsaTes K IV knaccy TokenyHocTu. 7-(2-M'apokemn-3-n-metokendeHokeunponun-1)-8-(dpypun-2-metunammHo)-3-
METUNKCaHTMH MMeeT HanbOoMbLLYIO ANYPETUHECKYIO aKTUBHOCTb, a CriefAoBaTenibHO He06Xx0aNMO AOCKOHarNbHOe
n3y4eHue, NOCKombKy OH bonee YeMm B 2 pa3a akTuBHee ruapoxnopTtuasmaa. Heobxoammo nog4epkHyTh, YTO BCe
CMHTE3MPOBaHHbIE COeAVHEHNS OKa3blBaOT BblPaXKEHHOE ANYPETUYECKOe AeCTBIe.

SkcnepuMeHTanbHas YacTb. 8-bpom-7-(2-rmapokcmn-3-n-metokendgeHokennponun-1)-3-MeTUNKCAHTUH NomyYeH
HarpeBaHvem 8-6pom-3-MeTUNKCaHTUHa C N-MeTOKCUdEHOKCUMETUIOKCMpaHoM B ByTaHone-1 B mpucyTcTBUM
N,N-gumeTunbeHsnnammHa. 8-AMMHO3aMeLLeHHble 7-(2-rnapoKcn-3-n-meTokeudeHokeunponun-1)-3-MeTunkcaHTuHa
CUMHTE3MPOBaHbl NyTEM KMNAYeHns GpomocnmpTa ¢ NePBUYHBLIMU U BTOPUYHBIMU amuHamu. CTpyKTypa CUHTE3n-
pOBaHHbIX COeAMHEHNI OAHO3HA4YHO AokasaHa Metogom NMMP-cnekTpockonun. OcTpast TOKCUYHOCTb CUHTE3N-
POBaHHbIX COEAVHEHUIN n3yyanack no metogy Kepbepa. M3yyeHne anypetnieckor akTMBHOCTY MOMNyYeHHbIX coeau-
HeHuy nposoamnu no metogy bepxuHa E. B. B kayecTBe aTanoHa cpaBHeHWUst NCMONb30Banu rmgpoxnoprmasug.

BbiBoabl. Pa3paboTaHbl NpoCcTble B BbINOHEHNN METOAMKM CUHTE3a 8-aMMHO3aMeLLeHHbIX 7-(2-TMapPoKCK-
3-n-meTokcndeHokemnponun-1)-3-meTunkcaHtuHa. CTpykTypa CUHTE3UPOBAHHBLIX COEANHEHWIN JOoKa3aHa MeTo-
nom NMP-cnektpockonuun. N3yyeHa ocTpasi TOKCUYHOCTb M AnypeTndeckasi akTMBHOCTb NOMyYeHHbIX BELLECTB.

ISSN 2308-8303 (Print)

Knroueenbie crioea: KCaHTUHbI; opraHndeckunii cnHtes; NMMP-cnekTpockonus; ocTpas TOKCUYHOCTD; anype-

Tnyeckoe LeNCTBme

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 N'H- and N3CH,-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, OCH,). 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 LD, 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-
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X = 0 (10); NCH3 (11): NCH,CgH5 (12)
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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.

Table 1
The values of the chemical shift in NMR-spectra of the compounds synthesized (2-13)
©
% 8-scale, ppm
o
€ | NH . OH , OCH, | N°CH, :
S | 1H) CH,om C8NH d, 1H) N’CH,CHCH,0O (s, 3H) | (s, 3H) Other signals
1 2 3 4 5 6 7 8 9
4.45-4.15 (m, 3H);
2 11.25 6.78 (s, 4H) - 5.44 3.88 (m, 2H) 3.69 3.30
] _ 3.33 (m, 2H) - NCH,; 1.58
3 11014 | 679(s4H) (f'fﬂ) 540 | T340 ((’:1 3?) 372 | 336 |(m,2H)-CH,C;1.40 (m, 2H) -
! ’ ’ ! CH,C; 0.95 (t, 3H) - CH,
6.48 3.42 (g, 2H) - NCH,; 2.95 (t,
4 110.20 6.83 (s, 4H) ’ 5.38 4.28-3.85 (m, 5H) 3.73 3.35 2H) - NCH,; 2.21 (s, 6H) -
(t, TH) N(CH.)
372
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Continuation of Table 1

1] 2 3 4 5 6 7 | s 9
6.50 335 | 252 (m, 6H) - NCH,; 0.98
511027 | 6816,4H) | S0 | 539 | 428383(msH) | 372 |55k | 252 OO
' +NCH, ' :
738(d, 1H),
7296 H, | e 449 (d, TH);
6 [1047 | 721, | O75 | 588 | 435425(m2H; | 372 | 343 | 233(s3H)- ArCH,
6.83(d,2H), | © 4.08-3.82 (m, 2H)
6.74 (m, 3H)
728(q,4H), | 804 444-4.25 (m, 3H);
7 [10as | EREUN L et | 581 | aeemarpmoch, | 372 | 340 1.35 (t, 3H) - CH,C
7.09 4.25-4.10 (m, 3H);
8 [1038] 743610 | [0 | 540 | Soesso(many | 371 | 335 453 (d, 2H) - NCH,
738724(m, | 437 (m, 1H); 423 450 (q, 2H) - NCH,
9 | 1080 151678 (g, 4H) >48 1 (4, 2H);382(m, 2H) | 367 | 328 2.83 (s, 3H) - NCH,
] . 3.64 (m, 2H) - NCH,;
10 | 1029 | 6765 4H) - | sz | ARSI 373 | 335 | 354 (m, 2H) - NCH,
86(d, 1.92 (m, 4H) - N(CH,),
3.28 (m, 2H) - NCH,;
) 439 (m, 1H); 413 3.09 (m, 2H) - NCH,;
11 | 1088 | 6.75(q,4H) 539 | (o sanimaty | 367 | 330 | ieim G,
2.18 (s, 3H) - NCH,
3.6 (d, 1H) - NCH,
339 (d, 1H) - NCH,;
7.28 (t, 2H),’ 4 2
o 433 (m, TH); 4.18 2.80 {t, 1H) - NCH,;
R Rl AU >38 1 (d,2H);379(m, 2H) | 3% | 322 | 260t 1F) - NCH, 1.68-
SR 1.50 (m, 3H) - CH,-Ar+CCH;
1.35-1.1 (m, 4H) - C(CH)),
4.40 (m, 1H); 4.16 338 | 3o
13 | 1064 | 677 (q,4H) - | 531 | @2H;390378 | 373 | (s,5H) | kgr M AW ACH
. I 2/
(m, 3H)+OH NCH, | 2 e

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)

2

> ..

g | mp.c The empirical Yield, 9%
S

2 | 190192 C..H, BN,O, 87.1
3| 241242 C.H N0, 911
4 | 221222 C.H..N.O. 81.0
5 | 216217 C,H,.NO, 87.0
6 | 286287 C,.H,.N.O, 85.1
7 | 241242 C.H,N.O, 66.4
8 | 226227 C, H,,N,O, 703
9 | 172173 C.H, N0, 946
10 | 192193 C,H,.N.O, 89.1
11 | 200201 C, H,NO, 93.2
12 | 209210 C,.H,.N.O, 84.6
13 | 183184 CHN.O, 696
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Table 3

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

Diuresis in
Compound LD, mg/kg 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* 202.8 451+0.14 159.4
5 365.0 £ 224 274 +0.11*% 181.6 5.64 + 0.26** 199.3
6 620.0 +£34.3 297 +£0.21*% 207.7 6.89 £ 0.23** 243.5
7 3440+ 219 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% 228.7 527 £0.12% 186.2
10 545.0+28.4 2.53 £0.14* 176.9 3.54+0.23 125.1
11 405.0 £23.6 223 +0.17*% 155.9 446 £0.11* 157.6
12 302.0+19.7 2.70 £0.21*% 188.8 5.24 +£0.23% 185.2
13 695.0 £37.6 237+0.11*% 165.7 417 £0.20 147.3
Control 143+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.

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 DMFE.

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
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Data of the biological effects of the compounds
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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 'H-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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