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Abstract

The synthesis of three ester derivatives of 7-thgbpe-acetic acid and hydroxyl group
containing compounds was studied by DCC/4-DMAP <diated esterification under mild
conditions. The structures of synthesized compowsde proved by microanalyses, UV-, IR-
and*H-NMR data. Acute toxicity assessment of the congmin mice shows less toxicity than
standard theophylline. Compounda-c posses depressive activity on CNS (increasing of
pentobarbital sleeping time and decreasing of spoe@bus locomotor activity). In in vivo
experiments of brain anoxic hypoxia, compouBdsand 3c in a dose'/,o of LDso, result in
increase of the mean survival time of mice. Thesalts indicate that compound8a and3c are
very prospective for further pharmacological anadiiemical experiments in relation to the
treatment of brain neurodegenerative disorders.
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INTRODUCTION

Dementia is the most important psychiatric syndraseociated with degenerative brain disease.
Alzheimer’s disease (AD) is the most common causdementia in the elderly, and its main
clinical symptom is global deterioration of cogwéi functions. AD appears to result from
multiple pathogenic events, including inflammatiagpoxic / ischemic lesions, the symptoms of
which may closely mimic primary brain degenerati®he pathogenic role @-amyloid is also
widely accepted [1-4]. Therapeutic approaches basedhese pathogenic mechanisms are
developing very rapidly in the last decade. On¢hefrecent pharmaceutical research strategies
is searching of possible therapeutic agents ingitwaip of purine and xanthine derivatives.
According to some data in the literature the asymoadly substituted xanthines show activity
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in animal models towards neurodegenerative disdastgling Alzheimer’s type dementia [5].
For example, recently a new xanthine derivativepEntophylline, was introduced as a drug
with neuroprotective properties for treatment adibrdementia [6], boosting the search for new
xantine derivatives with neuroprotective actions. previous studies 7- substituted-1,3-
dimethylxanthines and 1-substituted-3,7-dimethylkares show brain antihypoxic activity,
especially on model of anoxic hypoxia [7, 8.

With the aim of designing new and potent theophglldlerivatives useful in the treatment of AD,
the synthesis of new ester derivatives of 7-thebipleyacetic acid is described. Tlaeute
toxicity andpharmacological assay of new compounasalso reported.

RESULTSAND DISCUSSION

Chemistry
The 7-theophyllineacetateda-c are synthesized according to the synthetic pathsvepwn in
Scheme 1.
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Scheme 1. Synthesis of ester derivatives 3a-c

The main side reaction according to the proposechargésm of the process [9] (Scheme 2) is the
formation of N-acyl uread) by an intramolecular rearrangement of the O-acgh 6). The by-
product was registered by TLC in the course oftieaclt was isolated as described elsewhere
[10] in yields 29% to 38% as crude product. DG Was isolated in yields 62% to 71%. These
values show that the real yields3aEc should be the same as these of DCU. The lowedls/ied
isolated products were due to 15%-17% losses latisa and recrystalization.
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Scheme 2. For mation of N-acyl urea (6) by an intramolecular rearrangement of the O-acyl
urea (5)

The structures o8a-c were supported by elemental analysis and UV, I&R*8hNMR spectral
data. All the UV and IR spectra were consistenhwifie assigned structures. THé-NMR
spectra of3a-c were also in agreement with the structures citéds, the strong singlets at 3.60
and 3.35 ppm correspond to N-methyl protons attjpos8 and 1. The signal of the N-methylene
group from theophylline acetic acid at positionppaars at 5.04 ppm in as singlet. These facts
are in good correlation with the previously pubédhdata [11-13]. The signals of the other
methylene protons and C8-H were observed clearthigrnspectra oBb,c, as well as methyl and
methine protons at position 2 and 4 in imidazahg f compoundb (2-(2-methyl-5-nitro-1H-
1-imidazolyl)-ethyl 2-(1,3-dimethyl-2,6-dioxo-2,3/6tetrahydro-1H-7-purinyl)-acetate). The
signals of S-methylene protons from the side cludiBa (2-(ethylsulfonylethyl)-ethyl 2-(1,3-
dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-7-purinylpcetate) form complicated multiplet at
3.83 — 3.67 ppm. However, the integral curves spwead to the exact number of the protons.

Phar macology
Acute toxicity (LDsg) data of 3a-c and 7-theophylline acetic aci@l), show statistically
significant (p< 0.05) lower toxicity compared to the standard sarfise theophylline (Table 1).

Compound3c (2-bromo-3-hydroxy-2-nitropropyl 2-(1,3-dimethyl&2dioxo-2,3,6,7-tetrahydro-
1H-7-purinyl)-acetate), which have a bulky substituin the side chain, had lowest acute
toxicity. Compounds3a and 3b had a comparable toxicity. Since molecular weighitghe
compounds were different with no more than 10%peding to us it will be correct to suggest
that increasing of the volume and weight of thessitdrent decreased the acute toxicity. This fact
is in good correlation with our previously publishaata [7, 8].
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Table 1. Acutetoxicity (L Dso) and influence on pentobarbital (PB) sleeping time of
compounds 3a-c and 7-theophyllineacetic acid (1) in mice after intraperitoneal
administration.

LDso Doses Sleeping time
Compound | (Range of values) [mg/kg b.w. i. (X + SD)
[mg/kg b.w.] p.] min.
Control (PB) - 40 30.8+ 7.1
3a 1588* 150 48.2+ 9.4*
(1450+ 1738)
3b 1528* 150 59.0+ 2.6*
1400+ 1668
3c 2523* 250 46.5% 9.4*
2320+ 2744
1 2360* 240 42.5+ 8.1*
2173+ 2564
Theophylline 353 35 29.0+ 3.1
(301+413)

* p < 0.05 statistical significance in comparison whkdphylline.

All tested compounds, when administered in a ddgeof LDso, significantly (p < 0.05)
increased the pentobarbital sleeping time in comparwith theophylline (Table 1). The
locomotor activity investigations show that testeiinpounds 3a-c) decreased the spontaneous
locomotor activity in comparison with control groap doses/1o of LDso. Theophylline and 7-
theophylline acetic acid increased the spontankmasnotor activity (Fig. 1).
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Figure 1. Influence on spontaneous locomotor activity of compounds 3a-c, 7-
theophyllineacetic acid (ThAcOh) and theophylline (Th) in mice after i.p. administration
expressed as per centage from contol values (0 %).
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According to data of Ishii and co-workers [14], tttlaedial temporal oxygen metabolism was
markedly affected in patients with mild-to-moderaieheimer's disease, we analysed the effect
of the xantine derivatives in model of provokedxaodrain hypoxia. The results have shown
that compound8a and3c prolonged the survival time of mice in the modehooxic hypoxia
(Table 2).

Table 2. Brain antihypoxic activity of compounds 3a-c, 1, and theophylline on mice.

Compound Doses Survival time % vs control

mg/kg, b.w., i.p. (X £ SD) min
Control 30 20.4+ 1.1

3a 150 23.4+ 4.0* 114.7

3b 150 18.6+ 4.0 91.1

3c 250 24.4+ 2.9* 119.6

1 240 21.5+ 3.2 108.7
Theophylline 35 17.5+ 4.3

* p < 0.05 statistically significance in comparison witieophylline.

Several data in the literature [15] suggests thatrhain role in the mechanism of antihypoxic
activity in this model play GABA, which have antjpgxic activity at doses 20 — 600 mg/kg
b.w.. On the other hand, cerebrovascular drugsh sag Pentoxyphylline and Xanthinol

nicotinate, show a most potent increasing of savivne of animals (more than with 20 — 30%)
[16]. These drugs had a bulky substituents in ide shain too. The cited data are in good
corelarion with effect observed in our experimdgntscompound3a and3c.

These results indicate that compoun8a and 3c are very prospective for further
pharmacological and biochemical experiments in tigla to the treatment of brain
neurodegenerative disorders connected with brapoXig.

MATHERIALSAND METHODS

Chemistry

Melting points were determined in °C oruéhi 535 apparatus and are corrected. UV spectra
were recorded on a Hewlet Packard 8452A Diode ABpgctrophotometer equipped with a HP
Vectra 386/25 computer in chloroform. IR spectraevecorded on a Shimadzu FTIR 8101M
Spectrophotometer in nujotH-NMR spectra were recorded at ambient temperaturea
Bruker—-100 WP (100 MHz) spectrometer in CRGThemical shifts are reported in pp®d) (
downfield from TMS as internal standard; the cooglconstants are expressed in Hertz (Hz);
standard abbreviations are used. Elemental analfmedN and Br were carried out in
microanalytical laboratory (Institute of PolymerSofia) and were withint0.4% of the
theoretical values. Thin layer chromatography warégpmed on DC-Alufolien Kieselgel 604
(Merck, Darmstadt, Germany) (0.20 mm) sheets walkients: formic acid-chloroform-acetone-
ethanol (1:3:3:4 volume parts). Detection at UV 2%#. All products were shown to be
homogeneous by TLC. The given yield is the yieldsofated TLC homogeneous product. No
efforts were made to optimize yields. The startingterials were of commercially available
research — grade chemicals, Fluka Chemie AG (Siatzé), and Sofarma (Sofia, Bulgaria).
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General procedurefor synthesisof 7-theophyllineacetates 3a-c

7-Theophyllineacetic acid (2.62 g, 0.011 mol), esponding hydroxy derivative (0.01 mol) and
4-dimethylaminopyridine (DMAP, 0.3 g, 0.0025 molgre dissolved in 100 ml of anhydrous
dimethylformamide at 6. After complete dissolution, dicyclohexyl-carbiodide (DCC, 2.7
g, 0.013 mol) dissolved in 15 ml of anhydrous dimyformamide was added. The reaction
mixture was stirred at room temperature for 38 hd dhe white precipitate of N,N-
dicyclohexylurea (DCU) was filtered off. After cagrtration to 1/3 volume of the filtrate on
rotary evaporator (Bchi Rotavapor R-114) cooled anhydrous ethanol wdde@ and the
solution was kept for 24 h at -5°C. The crystal€(I) were filtered off and the filtrate was
evaporated. The residue was crystallized from ethdine separated crystals were washed with
petroleum ether and recrystallized from ethanol.

The structure, physical and spectral propertiesoaipoundsa-c are given in Tables 3 — 4.

Phar macological evaluation

The 7-theophyllineacetate®a-c were tested inn vivo screening in order to evaluate acute
toxicity, influence on pentobarbital sleeping tinlegomotor activity, and antihypoxic activity
(Tables 1 — 2, Fig. 1).

Male albino mice, strain Haged 5—7 weeks old (22—-25) g, kept under standamditons in
animal house (water and foad libitum 12 h darkight cycle) were used throughout timevivo
experiments. The ambient temperature of the roos maintained at 21+1°C and the humidity
was 50%.Animals were handled once daily, at least 3 daysr po testing. All subjects were
experimentally naive and were used only on€Gantrols were treated with vehicle, in the same
volume as the treated animals (0.1 mL/10 g i.pg.dffects of the vehicle were observédi.
experimental procedures described herein were d¢ordance with the NIH guidelines of the
Care and Use of Laboratory animals. For thevivo screening, the test compounds were
dissolved in saline (0.9% NaCl) with 1 - 2 dropsTefeen 80.

Data analysis was done by factorial analysis ofavae followed by Studenttstest with p <
0.05 chosen as the minimal level of significandee Tesults are expressed as mean (M) + SD.

Acute toxicity (L Dsg) in mice.

Acute i.p. toxicity (LDyo) was estimated by the Up-and-Down Procedure astptd the OECD
Test Guideline 425 (Up-and-Down Procedure, OECD)42%]. Animals were observed daily
for clinical signs or mortality over a period ofdweeks following the treatment.

Influence on pentobar bital sleeping time (PBST)

The studied compounds (0.1ml/10 g b.w.) were adsténéd at dosel:o of LDso i.p. (8 per
group). The same volume of solvent (0.9% NaCl) a@dministered to the controls. The solution
of pentobarbital sodium at dose 40 mg/kg b.w. was administered 30 minutes after
administration of the test compounds. Sleeping tivas measured in minutes by observing the
righting reflex recovery.

I nfluence on locomotor activity

Group of 6 animals was put on in electronic act@mgictivity Cage, Ugo Basile, Italy) and the
locomotor activity in arbitrary units was determidnat 10 minute intervals for 100 min. The
tested compounds at do%e, of LDs i.p. were administered to the animals and theltestere
compared to vehicle-treated group.
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Table 3. Structures and chemical data of 7-theophyllineacetates 3a-c

Compd. R Mp [°C] Cryst. Yield Analys calcd. (found) [%] Molecular formula
solvent [%0] (Mw)
C H N S Br
3a 2-ethylsulfonyl- 160 - 162 ethanol 45 43.57 5.06 15.63 8.95 - Ci3H1gN4O6S
ethyl- (43.40) (5.04) (15.56) (8.90) (358.36)
3b 2-(2-methyl-5- 142 - 144 ethanol 56 46.03 4.40 25.22 - - CisH17N7Og
nitroimidazol-1-yl)- (45.85) (4.38) (25.30) (391.34)
ethyl-
3c 2-bromo-2-nitro-3- | 133-136 | ethanol 50 34.30 3.40 16.67 - 19.02 C1,H14NsO-Br
hydroxy-propyl- (34.17) (3.38) (16.61) (18.98) (420.17)
Table 4. Spectral data of 7-theophyllineacetates 3a-c
Compd. R IR [cr] UVVIS [nM] Apa 'H-NMR, & (CDCL)
3a 2-ethylsulfonyl-ethyl- 1709 ¢CO - ester); 1693, 1653vCO- 242 7.97 (s, 1H, C8H); 5.04 (s, 2H, N7-G# 4.07 (t, 2H,
xanthine); 1628, 153lvC=C, vC=N); 1256 276 O-CH,, J = 6.8); 3.83 — 3.67 (m, 4H, 2 x &), 3.59
(VC-O-C — ester); 112%(S0)). (s, 3H, N3-CH)); 3.35 (s, 3H, N1-Ch); 1.22 (t, 3H,
CHz— side chain, J = 7.4).
3b 2-(2-methyl-5-nitroimidazol- | 1710 ¢CO - ester); 1690, 1663vCO- 244 7.97 (s, 1H, C8H); 7.59 (s, 1H, Im-4); 5.04 (s, N
1-yl)-ethyl- xanthine); 1590 — 1530 with max. at 1560 278 CHy); 4.49 (t, 2H, CH - side chain, J = 5.8); 3.96
(VC=C, vC=N, v, NO,); 1259 ¢C-O-C — 2H, CH, — side chain, J = 5.8), 3.60 (s, 3H, N3-=LH
ester). 3.35 (s, 3H, N1-C¥J; 2.52 (s, 3H, Im-2—C}j.
3c 2-bromo-2-nitro-3-hydroxy- | 3119 @OH); 1709 ¢CO - ester); 1693, 248 7.97 (s, 1H, C8H); 5.04 (s, 2H, N7-GH 4.29 (s, 2H,
propyl- 1674 @CO-xanthine); 1653, 1628, 1531 275 CH-0); 4.06 (s, 2H, O-CHj, 3.59 (s, 3H, N3-C¥j;
(VC=C, vC=N, v, NO,); 1255 ¢C-O-C — 3.36 (s, 3H, N1-CHJ; 2.87 (s, 3H, OH- side chain).
ester).
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Antihypoxic activity

The tested compounds were administered in ddsgsand 1 of LDsg i.p. 30 min prior to
experiment. The mice (8 per group) were placedviddally into hermetic bottles of 200 ml
volume. The survival time (in min) was determined @ompared with vehicle-treated group [18].

REFERENCES

[1] R. KatzmanNew Engl. J. Med1986, 314, 964 .
[2] G. Silvestrelli, A. Lanari, L. Parnetti, D. Tomassd=. AmentaMech Ageing Dey2006,
127, 2, 148.
[3] S. O.BachuriiMed. Res. Rey2003, 23, 48.
[4] R. Nikolov, J. S. Richardso®rugs of today1998, 34, 673.
[5] DE Patent 4325254/095 (Boehringer Ingelheim KG)
[6] M. Rother, B. Kittner, K. Rudolphi, M. Réssner,K. Habs,Ann. N Y Acad. S¢i1996,
777, 404.
[7] Al Zlatkov, PI. Peikov, N. Danchev, I. Nikolov&ompt. Rend. Bulg. Acad. $di999, 52,
123.
[8] Al Zlatkov, PI. Peikov, J. Rodriguez-Alvarez, Nabchev, I. Nikolova, J. Mitkov&ur. J.
Med. Chem 2000, 35, 941.
[9] Wiener, H., Gilon, C., An Improved Method for that&lytic Preparation of Tert-Butyl
Esters of Carboxylic and Fatty-Acids. J. Mol. Cat, 45, (1986).
[10] PI. Peikov, N. Danchev, Al. Zlatkov, D. Ivanov, Belcheva,Arch. Pharm, 1995, 328,
615.
[11] J. KohenAnalyt. Profiles of drug substl975, 4, 468.
[12] C. Pouchert, In: The Aldrich Library of NMR Spectradrich Chemical Company, Inc.,
Milwaukee,1983, Ed. Il, vol. 2, 585.
[13] PI. PeikovAl. Zlatkov, N. Belchev&ompt. Rend. Bulg. Acad. $di995, 48 29.
[14] K. Ishii, H. Kitagaki, M. Kono, E. MoriJ. Nucl. Med.]1996,37, 1159 (1996).
[15] L. Lukjanova, In: Pharmacological correction of by states. Meditzina, MoskowW989,
149.
[16] R. Nikolov, M. Dikova, M. Nikolova, T. Voronina, INerobkova T. GaribovaJeth. Find.
Exptl. Clin. Pharmaco| 1987, 9, 479.
[17] OECD (Organisation for Cooperation and Developméatiidance for the testing of
chemicals OECD 425 Acute oral toxicity: Up-and-DoRrocedurel998, Paris.
[18] C. Caillard, A. Menu, M. Plotkine, P. Rossignbife Sci, 1975, 16, 1607.

51



