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Takum YMHOM, 3anpornoHOBaHy METOAUKY BU3HAYEHHS
KMCMOTHOCTI MOXHa 3acTocoByBaTu. Crig npoBecTu Lwe
JeTanbHilWi A0CNIMKEeHHs Ans  Aesknx yHKUiOHanbHUX
rpyn i cnpobyBaTy BCTAHOBUTU CUCTEMHUI XapaKTep noxu-
6KV B po3paxyHKy KUCMOTHOCTI MPUHaNMHi B OAHOTUMHOMY
psoy cnonyk. € TeHAeHUiss [0 3aHWXKEHHSI KUCIOTHOCTI
apoMaTM4HOro Tumy cnonyk 3 amiHorpynot. OTpuMaHo
napamMmeTpu, 3a SKMMKU MOXHa byae po3paxoByBaTh KUCIO-
THICTb A4N1s1 MOAENBHUX CMONYK.
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PACCHET pK, ®EHONOB U TUOJNIOB KAK MOLOENW ANA OLLEHKU KNCITOTHOCTU KATAJTU3ATOPOB
HA AKTUBOBUPOBAHOIO YINA

Ansa pada muonoe u ¢heHonoe 6binu paccyumanbl pK, ¢ OmK/IOHeHUEeM om ux 3KCrepuMeHMasnbHbIX 3Ha4eHuli MeHee eOUHUYbI. Anpobupo-
8aHHYI0 MemMOAUKY MOXHO MpUMeHUmMb Osisi meopemuYeckoli OUeHKU KUC/TOMHOCMU Kamasu3amopoe Ha aKmueupoeaHHOM yaiie ¢ npueumsiMu

Ha MN08epPXHOCMU Pa3uYHbIMU (OYHKYUOHANbHLIMU 2pynnamu.
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CALCULATION OF pK, OF PHENOLS AND THIOLS AS A MODEL
TO EVALUATE THE ACIDITY OF CATALYSTS ON ACTIVATED CHARCOAL

It was calculated a pK, values for set of the phenols and thiols. The pK, values don't deviate from its experimental values more than one unit.
Tested method can be applied to theoretical predication of the acidity of activated charcoal catalyst with different functional groups on its surface.
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SYNTHESIS OF 2,6-DIAMINO-5-HETARYLPYRIMIDINES AS POTENTIAL ANTIFOLATES

The ring transformation reactions of 2-hetaryl-2-(tetrahydro-2-furanyliden)acetonitriles with guanidine as 1,3-N,N-binucleophiles
have been investigated. The method allows obtaining diaminopyrimidines, which have been of great interest in recent years due to their

potent biological and pharmacological properties.

Key words: antifolate agents, diaminopyrimidines, 2-hetaryl-2-(tetrahydro-2-furanyliden)acetonitriles.

Introduction. Tetrahydrofolate cofactors are essential
for the biosynthesis of purines, certain amino acids (serine,
methionine), and thymidine. Most bacteria and plants
produce these folate cofactors by de novo biosynthesis.
Compounds that interfere with this pathway, antifolate
agents, have found use in the clinic as antibacterials,
antimalarials, and anticancer drugs [1].

Dihydrofolate reductase (DHFR) is an essential enzyme
and plays a key role in the folate biosynthetic pathway.
DHFR catalyzes the nicotinamide adenine dinucleotide
phosphate (NADPH) dependent reduction of 7,8-
dihydrofolate to tetrahydrofolate (THF). THF is then
converted to 5,10-methylenetetrahydrofolate  (5,10-
CH,THF) by serine hydroxymethyltransferase (SHMT)
which supplies one-carbon unit from L-serine. 5,10-

CH,THF is a vital cofactor for the methylation of 2'-
deoxyuridine-5'-monophosphate (dUMP) monophosphate
to 2'-deoxythymidine-5'-monophosphate (dTMP) catalyzed
by thymidylate synthase (TS) [1, 2].

Inhibition of the folate cycle prevents biosynthesis of
thymidine leading to inhibition of DNA biosynthesis and
thus to inhibition of cell growth and proliferation. DHFR is
an important target for drug development against cancer
and a variety of infectious diseases caused by bacteria,
protozoa, and fungi. DHFR inhibitors have been in clinical
use for over 50 years as well-known anticancer,
antibacterial, and antimalarial drugs, for example,
methotrexate (MTX), trimethoprim (TMP), and
pyrimethamine (PYR) (Fig. 1). In the past decade, an
intensive search for more safer and potent compounds as
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compared with available antifolates in the corresponding
therapeutic areas have been undertaken [1—4].
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Fig. 1. Antifolates

All DHFR inhibitors exhibiting I1Cso's in the micromolar
range or less contain the 2,6-diaminopyrimidine
pharmacophore. The pharmaceutical with aromatic,
aliphatic and saturated heterocyclic moieties in the fifth
position of the 2,6-diaminopyrimidines are well-known.
Therefore it would be interesting to prepare the 2,6-
diamino-5-hetarylpyrimidine derivatives as bioisosteric
replacements.
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Thus, the final heterocyclic ring is formed by
condensation while the starting saturated ring system
discloses to give the w-substituted side chain [8, 9].

The structures of the cyclization products 3a-e were
confirmed by IR, 'H NMR and "*C NMR spectroscopy.

The absence of nitrile group absorption band in IR
spectra evidently indicated the ring closure. The amino
groups stretching vibrations are located at 3337-3103 cm™.
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Results and discussion. A general synthetic pathway
for the preparation of 2,6-diaminopyrimidine scaffold
consists of condensing enol ethers of B-ketonitriles with
guanidine [2].

2-Hetaryl-2-(tetrahydro-2-furanyliden)acetonitriles 1
represent versatile building blocks in the synthetic
chemistry on account of their 3-functionalized acrylonitriles
fragment incorporated into unsaturated heterocyclic ring
which can react with N-nucleophiles by a ring
transformation. In this process the nucleophilic substitution
of the bridged heteroatom causes a disconnection of the
starting ring giving a w-hydroxyalkyl side chain [5, 6].
Nitriles 1 have already been utilized as cyclic 1,3-
dicarbonyl heteroanalogs in the synthesis of w-
hydroxyalkylheterocycles [7].

In this context, in the present work we have employed
the 2-hetaryl-2-(tetrahydro-2-furanyliden)acetonitriles 1 as
1,3-bielectrophilic synthon containing the heterocyclic
moiety in the synthesis of 2,6-diamino-5-hetarylpyrimidines
3. The reaction of nitriles 1a-e with guanidine carbonate 2
in the presence of sodium ethoxide gave rise to desired 3-
[2,6-diamino-5-hetaryl-4-pyrimidinyl]-1-propanols 3a-e.

The reaction has been suggested to proceed through
the intermediate formation of Michael's adduct 4 with the
subsequent disclosing tetrahydrofuranyliden ring and the
intramolecular interaction of the spatially close amino and
cyano groups that leads to pyrimidine derivatives 3:
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'HNMR spectra reveal two singlets of amino groups at 5.7-
6.2 ppm and A>MzX; spin system of the hydroxypropyl side
chain at 1.5-3.3 ppm. The signal of OH proton is observed
at 4.3-5.0 ppm. It is noteworthy that signals of the 2,3-CH>
methylene protons of compound 3e as well as Ph-CH»
methylene protons of compound 3d are observed in H

NMR spectrum as multipletes owing to their
diastereotopicity (Fig. 2).
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Fig. 2. "H NMR data of compound 3d

Conclusion. Present investigation has resulted in the

efficient synthesis of biologically relevant compounds — 2,6-dia-
mino-5-hetarylpyrimidines. Biological evaluation of compounds

obtained as inhibitors of DHFR is currently in progress.

Experimental. Melting points were determined by
using a Kofler-type hot stage microscope (Boetius VEB
Analytik) and are corrected. 'H NMR spectra were
recorded at 400 MHz on a Varian Mercury-400
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spectrometer in DMSO-ds. Chemical shifts (8) were given
in ppm downfield from the internal standard TMS. The J
values were given in Hz. 5C NMR spectra were recorded
at 100 MHz on the same instruments in DMSO-ds. The IR
spectra were obtained with a FTIR Spectrometer Perkin
Elmer BX Il with KBr pellets. Elemental analyses were
performed on a CHNOS elementar vario MICRO Cube
analyzer. The reaction progress was monitored by TLC on
Silufol UV-254 silica gel plates using CHCI3-MeOH (9:1)
system as the eluent. 2-Hetaryl-2-(tetrahydro-2-
furanyliden)acetonitriles 1a-e were prepared according to
the procedure published earlier [10].

General Procedure for the Preparation of 3-[2,6-
diamino-5-(2-hetaryl)-4-pyrimidinyl]-1-propanols 3a-e. To a
stirred solution of sodium (0.09 g, 4 mmole) in anhyd
ethanol (5 mL) the corresponding amidine 2 (4 mmole) and
2-hetaryl-2-(tetrahydro-2-furanyliden)acetonitrile 1 (2
mmole) were added. The reaction mixture was refluxed for
0.5-1 h and ethanol was then evaporated in vacuo. The
residue was triturated with H,O, acidified with HCI to pH =
7, filtered off and recrystallized from appropriate solvent.

3-[2,6-Diamino-5-(4-pyridinyl)-4-pyrimidinyl]-1-propanol
(3a). Colorless microcrystals (from ethanol); mp 273-
274°C; yield: 043 g (188 %); IR (KBr): 3424, 3330, 3209,
3126, 1574, 1073 cm™; 'H NMR (400 MHz, DMSO-de): & =
1.65 (m, 2H, 2-CHy), 2.20 (t, J = 7.8 Hz, 2H, 3-CH>), 3.31
(t, J = 6.2 Hz, 2H, 1-CHy), 4.28 (br s, 1H, OH), 5.74 (br s,
2H, 2-NH), 5.98 (s, 2H, 6-NH), 7.19 (dd, J = 4.2, 1.6 Hz,
2H, 3,5-Huer), 8.56 (dd, J = 4.2, 1.6 Hz, 2H, 2,6-Hyer); °C
NMR (100 MHz, DMSO-ds): & = 31.50, 31.96, 61.12,
105.17, 126.51, 145.04, 150.50, 162.03, 162.64, 165.77;
Anal. Calcd for C42H4sNsO: C, 58.76; H, 6.16; N, 28.55.
Found: C, 58.63; H, 6.41; N, 28.44.

3-[2,6-Diamino-5-(2-pyridinyl)-4-pyrimidinylJ-1-propanol
(3b). Colorless microcrystals (from ethanol); mp 171-172°C;
yield: 0.45 9 (92 %); IR (KBr): 3437, 3321, 3170, 3103, 1569,
1068 cm™; "H NMR (400 MHz, DMSO-dg): & = 1.70 (m, 2H, 2-
CHy), 2.34 (t, J = 7.8 Hz, 2H, 3-CHy), 3.31 (t, J = 6.2 Hz, 2H,
1-CHy), 4.42 (s, 1H, OH), 5.79 (s, 2H, 2-NHy), 5.95 (s, 2H, 6-
NHy), 7.23 (M, >Js4 = 7.5, °Jss = 4.9, “Js3 = 1.0 Hz, 1H, 5-
Hhet), 7.30 (M, *J34=7.8, “U35= 1.0, °J36 = 0.8 Hz, 1H, 3-Hpe),
777 (M, %Jy3=7.8,%45=7.5, “Jss= 1.8 Hz, 1H, 4-Hye), 8.58
(M, 3Js5= 4.9, “Jo.qa = 1.8, °Jg3= 0.8 Hz, 1H, 6-Hher); "C NMR
(100 MHz, DMSO-dg): & = 31.61, 32.00, 61.17, 107.05,
122.06, 126.37, 137.26, 149.80, 156.34, 162.36, 162.67,
166.59; Anal. Calcd for CyoH1sNsO: C, 58.76; H, 6.16; N,
28.55. Found: C, 58.95; H, 6.05; N, 28.62.
3-[2,6-Diamino-5-(2-quinolinyl)-4-pyrimidinyl]-1-

propanol (3c). Colorless microcrystals (from ethanol); mp
196-197°C; yield: 0.55 g (93 %); IR (KBr): 3391, 3312,
3150, 1645, 1550, 1439 cm™; "H NMR (400 MHz, DMSO-
ds): & = 1.76 (m, 2H, 2-CHyp), 2.43 (t, J = 7.3 Hz, 2H, 3-
CHy), 3.34 (t, J = 6.3 Hz, 2H, 1-CHy), 4.52 (br s, 1H, OH),
5.87 (s, 2H, 2-NHy), 6.20 (s, 2H, 6-NHy), 7.48 (d, J = 8.3
Hz, 1H, 3-Huet), 7.54 (t, J = 7.8 Hz, 1H, 7-Hpet), 7.70 (d, J =
7.8 Hz, 1H, 6-Hpet), 7.91 (d, J = 7.8 Hz, 1H, 5-Hpet), 7.98
gd, J =7.8 Hz, 1H, 8-Huet), 8.28 (d, J = 8.3 Hz, 1H, 4-Hpe);
3C NMR (100 MHz, DMSO-dg): & = 31.68, 31.83, 60.99,
106.95, 124.47, 126.34, 126.54, 127.90, 128.86, 129.61,

[. Minoxos, acnipaHT, O. Xuns, kaHa. xim. Hayk, 0. BonoBeHko, A-p xiMm
KHY imeHi Tapaca LLeB4yeHka, Kuis

136.52, 147.71, 157.07, 162.12, 162.63, 166.90; Anal.
Calcd for C46H47NsO: C, 65.07; H, 5.80; N, 23.71. Found:
C, 65.25; H, 5.88; N, 23.59.

3-[2,6-Diamino-5-(1-benzyl-1H-imidazol-2-yl)-4-pyrimidi-
nyl]-1-propanol (3d). Colorless microcrystals (from ethanol);
mp 162-163°C; yield: 0.48 9 $74 %); IR (KBr): 3446, 3337,
3089, 1648, 1579, 1053 cm™; 'H NMR (400 MHz, DMSO-ds):
8 =1.55 (m, 1H, 2°-CHy), 1.71 (m, 1H, 2°-CHy), 1.89-2.00 (m,
2H, 3-CHy), 3.29 (m, 2H, 1-CHy), 4.83 (d, J = 15.3 Hz, 1H,
CH.*Ph), 4.96 (d, J = 15.3 Hz, 1H, CH,"-Ph), 5.05 (br s, 1H,
OH), 5.90 (br s, 2H, 2-NH), 6.12 (s, 2H, 6-NH>), 7.00 (d, J =
1.2 Hz, 1H, 5-Hhet), 7.05 (d, J = 7.6 Hz, 2H, 2,6-Hpn), 7.11 (d, J
= 1.2 Hz, 1H, 4-Huer), 7.24 (M, 3H, 3,4,5-Hpr); °C NMR (100
MHz, DMSO-ds): & = 31.42, 31.48, 49.76, 60.62, 96.50,
121.48, 127.80, 127.98, 128.63, 128.96, 137.71, 143.07,
163.26, 163.43, 169.38; Anal. Calcd for C17H2NgO: C, 62.95;
H, 6.21; N, 25.91. Found: C, 63.07; H, 6.36; N, 25.89.

3-(2,6-Diamino-5-(6,7,8,9-tetrahydro-5H-
[1,2,4]triazolo[4, 3-aJazepin-3-yl) pyrimidin-4-yl)propan-1-ol
(3e). Colorless microcrystals (from ethanol); mp 294-
295°C; yield: 0.51 g Q84 %); IR (KBr): 3407, 3336, 3187,
2941, 1636, 1576 cm™'; 'H NMR (400 MHz, DMSO-dg): & =
1.54-1.77 (m, 8H, 6,7,8,9-(CHz)net), 2.06 (m, 1H, 2°-CHy),
2.18 (m, 1H, 2°-CHy), 2.82-2.96 (m, 2H, 3-CHy), 3.28 (t, J =
6.6 Hz, 2H, 1-CHy), 3.63 (m, 2H, 5-(CH2)uet), 4.50 (s, 1H,
OH), 5.98 (s, 2H, 2-NHy), 6.13 (s, 2H, 6-NHz); *C NMR
(100 MHz, DMSO-dg): d = 25.24, 26.78, 28.07, 30.49,
31.47, 31.70, 44.89, 60.62, 92.64, 150.16, 157.10, 163.33,
163.58, 169.71; Anal. Calcd for Cy4H21N7O: C, 55.43; H,
6.98; N, 32.32. Found: C, 55.57; H, 6.82; N, 32.19.
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. HayK,

CUHTES 2,6-AIAMIHO-5-TETAPUMNMIPUMIAUHIB SIK NOTEHUIMHUX AHTU®ONATIB

HocnidxeHo peakuyito mpaHcgopmayii yukny 2-zemapun-2-(mempaziopo-2-¢pypaHinideH)ayemonimpunie nio Oicto 2yaHiOuHy e sikocmi
1,3-N,N-6iHykneogpiny. Memod do3seonisie ompumyeamu noxioHi diamiHonipumiouHie, w0 cmaHoeumb 3HaYyHUli iHmMepec 8 ocmaHHi poKu 3 o250y

Ha ix nomyHi 6ionoz2iyHi ma ¢hapmakonoziyHi enacmusocmi.

Knro4oei cnosa: anHmugponamni azenmu, diamiHonipumiduHu, 2-eemapun-2-(mempaziopo-2-¢pypaHinideH)ayemoHimpunu.

. Munoxos, acnupaHT, O. Xuns, kaHa. XxuM. Hayk, F0. BonoBeHko, A-p XMM. Hayk,

KHY umeHu Tapaca LLeB4eHko, Kues

CUHTES 2,6-AMAMUHO-5-TETAPUNNTUPUMMNONHOB B KAYECTBE NOTEHLUAJIbHBLIX AHTU®OJIATOB

HUccnedoeaHbl peakyuu mpaHcghopmayuu yukna 2-2emapun-2-(mempazudpo-2-gpypaHunudeH)ayemoHumpusioe nod delicmeuem 2yaHuOuHa e
kayecmee 1,3-N,N-6uHykneogpuna. Memod noszeonssiem nosy4ams npou3eo0Hblie QuaMuHONupuMuduHoe, Ymo npedcmaesisiem 3Ha4yumesibHbli
uHmepec e nocsedHue 200! 651a200apsi HanU4ur y nNocsedHuUx ebICoKol 6uosoauyeckol u ¢hapmMakosio2uyeckoli akmueHocmu.

Knrodeenbie cnoea: aHmugponamHble azeHmbl, GuaMuHONUPUMUOUHbI, 2-2emapui-2-(mempaaudpo-2-gpypaHunudeH)ayemoHumpurbl.



