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METHYLATION OF POSITION 8 IN THE PYRIDINE MOIETY
OF THE N-(BENZYL)-2-HYDROXY-4-0X0-4H-PYRIDO
[1,2-a]PYRIMIDINE-3-CARBOXAMIDE MOLECULE AS AN
ATTEMPT TO ENHANCE THEIR ANALGESIC PROPERTIES

[.V.Ukrainets, 0.V.Gorokhova, L.V.Sydorenko, S.G.Taran

National University of Pharmacy, Kharkiv, Ukraine
53, Pushkinska Str., Kharkiv, 61002. E-mail: uiv-2@mail.ru

Key words: amidation; tricarbonylmethane heterocyclic derivatives; 2-hydroxy-4-oxo-4H-pyrido[1,2-a]
pyrimidine-3-carboxamides; synthesis; chemical modification; analgesic activity

The chemical modification of the pyridine moiety of the molecule — displacement of the methyl group in position 8 of
pyrido[1,2-apyrimidine nucleus has been considered as one of the possible versions to optimize the biological proper-
ties of N-(benzyl)-2-hydroxy-4-oxo-4H-pyrido[1,2-aJpyrimidine-3-carboxamides. The synthesis of the research targets
was carried out by the reaction of the corresponding benzylamines and ethyl 2-hydroxy-8-methyl-4-oxo-4H-pyrido[1,2-a]
pyrimidine-3-carboxylate, in its turn obtained by condensation of 2-amino-4-methylpyridine (i.e. the product with the
methyl group in the intentionally required position) and triethyl methanetricarboxylate. The structure of the compounds
obtained has been confirmed by the data of elemental analysis and NMR "H spectroscopy, and in the case of optically
active 1-phenylethylamides additionally by polarimetry. The study of the analgesic properties of all N-(benzyl)-2-hydroxy-
8-methyl-4-oxo-4H-pyrido[1,2-aJpyrimidine-3-carboxamides was performed on the standard experimental “acetic acid
writhing” model. At the same time, it has been found that our modification is accompanied with the increased biological
activity of exclusively para-substituted derivatives. For profound research 4-fluorobenzylamide exceeding Piroxicam and
Nabumetone by the level of the specific effect has been recommended as a potential new analgesic.

METWUIIFOBAHHS MNOJIOXKEHHS 8 MIPUONUHOBOI YACTUHW MOJIEKYITN N-(BEH3UJ)-2-INgPOKCU-4-OKCO-
4H-MIPUAOO[1,2-a]lTIPUMIOQNH-3-KAPEOKCAMILZIB SIK CITPOBA MOCUIIEHHS IX AHAJITETUYHNX BJIA-
CTUBOCTEN
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Knro4voei crioea: amiOysaHHsi; 2emepoyuKivyHi noxioHi mpukapboHinMemaHry; 2-2i0pokcu-4-okco-4H-nipudo[1,2-a]
nipumiduH-3-kapbokcamidu; cuHme3; ximiyHa Modudbikauisi; aHareemuyHa akmueHicmsb

Sk 00UH 3 Moxnugux eapiaHmis onmumisauii 6ionoziyHux enacmusocmed N-(6eH3un)-2-2idpokcu-4-okco-4H-
nipudo[1,2-ajnipumiOuH-3-kapbokcamioie po3enssHymo xiMiyHy MooOugbikayiro mipuduUHO8OI YacmuHuU iX MOMeKy-
JIU — nepemilieHHsT MemuJsibHOI epyrnu y nonoxeHHs 8 nipudo[1,2-ajnipumiouHosozo sidpa. CuHme3s uinbosux
06°ekmig docridxeHHs 30ilCHEHO peaKyieto 8i0rnosidHUX beH3unamiHie 3 emur-2-2idpokcu-8-memurn-4-okco-4H-
nipudo[1,2-aJnipumiouH-3-kapboKcunamom, y C80K Yepey, 00epxxaHUM KOHOeHcauieto 2-aMiHO-4-memunmnipuouHy
(mobmo rpodyKmy 3 MEMUIILHOK 2Pyro 8 3a8i00MO HEOBXIOHOMY MOMOXEeHHI) 3 mpuemunMemaHmpukapboKcu-
niamom. bydosy cuHme308aHuUX pe4o8UH nMidmeepoeHo GaHUMU erleMeHMHO20 aHanisy ma criekmpockonii 'H SIMP,
a y sunadky onmu4yHoO akmusHux 1-¢heHinemunamidie do0amkoso we U rnonspumMempuyHo. BusyeHHs1 aHar-
eemuyHux ernacmusocmeli ycix N-(6eH3ur)-2-eidpokcu-8-memur-4-okco-4H-nipudo[1, 2-ajnipumiouH-3-kapbokcami-
die nposedeHO Ha cmaHOapmHil ekcriepumeHmarbHilt Modesli oymoegokuciux Kopyig. pu ybomy 3HaliOeHo,
wo 3diticHeHa Hamu MoOugbikayis cyrnpoeodxyembcs NocuneHHsM b6iono2idHoi akmueHOCMi 8UKITHOYHO napa-
3amiweHux noxioHux. ns noanubneHux aunpobosysaHb SIK HO8UU MOMeHUIUHUU aHan2emuK pekoMeHO08aHO
4-cobmopobeH3unamid, skul nepesuwsye 3a pisHem crieyughiyHo2o egpekmy [lipokcukam ma Habymemo-.

METUITINPOBAHME MOJIOXXEHWS 8 MUPUONHOBOU YACTU MOJIEKYJ1bI N-(BEH3UIT)-2-FrNgPOKCU-4-
OKCO-4H-ITNMPUAO[1,2-a]J[TMPUMULONH-3-KAPEOKCAMULOB KAK IMOINbITKA YCUIIEHUA UX AHATIb-
FETUYECKNX CBONCTB
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Krniroyeenie criosa: amuduposaHue; 2emepoyukudeckue rnpous3sooHsle mpukapboHuimMemaHa,; 2-audpokcu-4-
okco-4H-nupudo[1,2-ajnupumuduH-3-kapbokcamudbl; cUHME3; XxuMmudeckass MoOughukayusi;, aHarb2emuyeckas
aKkmueHocmb

B kauecmee 00HO20 U3 803MOXHbIX 8apuaHmos ornmumu3ayuu buonozaudeckux ceoticma N-(beH3us)-2-2udpoKcu-
4-okco-4H-nupudo[1,2-ajnupumuduH-3-kapbokcamudos paccmompeHa xumudeckasi Moougbukayusi nupuduHo-
80U Yyacmu ux MOJIEeKyrbl — repemewieHue MemursibHoU epynrbl 8 rnonoxeHue 8 nupudof1,2-ajnupumuduHo8o20
s0pa. CuHme3s yenesbix 06bekmos uccriedosaHusi OCywecmerneH peakyueli coomsemcemeyrouijux 6eH3unamuHos
¢ amun-2-audpokcu-8-memun-4-okco-4H-nupudo[1, 2-ajnupumuduH-3-kapbokcunamom, 8 ceor o4epedsb, rosny-
YeHHbIM KOHOeHcayuel 2-aMuHo-4-memunnupuduHa (m. e. npodykma ¢ MemursibHoU 2pyrnnol 8 3a8ed0oMo mpeby-
eMOM [10/I0XKeHUU) ¢ mpuamuniMemaHmpukapbokcunamom. CmpoeHue CUHMe3upoBaHHbIX 8eECME M0OMBepX-
0eHo daHHbIMU 31eMeHMHO20 aHanu3a u criekmpockornuu 'H SMP, a 8 criydae onmuyecku akmusHbix 1-¢beHurn-
amurnamudo8 O0roNIHUMENbHO ewe U rnonspuMempuyecku. MsydyeHue aHambeemuyveckux ceoticms ecex N-(beH-
3un)-2-a2udpokcu-8-memun-4-okco-4H-nupudo[1, 2-aJnupumuduH-3-kapbokcamudos nposedeHo Ha crmaHdapmHoU
aKcriepumeHmarsbHOU MOOenu yKCYyCHOKUCIIbIX Kopyel. Mpu amom HaltdeHo, Ymo rpednpuHsamasi Hamu MooOu-
ukayusi conposoxxdaemcsi ycuneHuem buorno2u4ecKol akmueHOCMU UCKITIOYUMESIbHO napasamMeu,eHHbIX Mpo-
u3800HbIX. [ns yerybrneHHbIX UcrbimaHuli 8 Kayecmee Ho8020 MoMeH|UanbHO20 aHalbeemuka peKkomeHo0osaH
4-gpmopbeH3unamud, npesocxodawuli o yposHio crneyuguydeckoeo achgpekma lNupokcukam u Habymemo-.
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Different versions of the chemical modification
of biologically active substances and auxiliary mate-
rials used in medicine up to now remain one of the
most effective and, most importantly, almost easily
feasible methods to improve their pharmacological
and/or pharmaceutical properties [1]. This methodo-
logy has long been successfully used by medicinal
chemists to intensify the specific action [2, 3], in-
crease selectivity towards a particular receptor [4-6],
improve the thermal stability [7], biocompatibility
[8], bioavailability [9], safety [10], correction of taste
[11], as well as to solve many other problems [11-
15] associated with optimization of both the known
and newly developed drugs.

Taking into account these data and continuing
our extensive research in searching new promising
analgesics among amide derivatives of 4-hydroxy-2-
o0x0-1,2-dihydroquinoline-3-carboxylic acids [16] and
structurally-related heterocyclic systems [17, 18] the
present communication is devoted to N-(benzyl)-2-
hydroxy-4-oxo-4H-pyrido[1,2-a]pyrimidine-3-carb-
oxamides methylated in position 8 of the pyridopy-
rimidine nucleus. The relatively high analgesic pro-
perties recently discovered in N-(benzyl)-2-hydroxy-
9-methyl-4-ox0-4H-pyrido[1,2-a]pyrimidine-3-carb-
oxamides [19] were the theoretical background to
involvement of these compounds to the range of the
objects studied. A detailed analysis of the structure
of these substances indicates that the attempt can
be made to intensify their biological effect by the
chemical modification of the pyridine moiety of the
molecule bicyclic base, namely by displacement of
the methyl group to another position, for example
position 8.

It is clear that it is advisable to start the prac-
tical implementation of such a transformation with
a product containing the methyl group in the inten-
tionally required position - in this case it is a com-
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mercially available 2-amino-4-methylpyridine (1).
Condensation of this amine with triethyl methanetri-
carboxylate (2) through the intermediate monoamide
(3) gives ethyl 2-hydroxy-8-methyl-4-oxo-4H-pyrido
[1,2-a]pyrimidine-3-carboxylate (4) [20] (see Sche-
me), the subsequent amidation of it leads to the tar-
get N-(benzyl)-2-hydroxy-8-methyl-4-oxo-4H-pyrido
[1,2-a]pyrimidine-3-carboxamides (5a-n) with high
yields and purity.

All of the N-(benzyl)-2-hydroxy-8-methyl-4-oxo-
4H-pyrido[1,2-a]pyrimidine-3-carboxamides (5a-n)
obtained are colourless crystalline substances with
the narrow intervals of melting points (Table 1).
At room temperature they are sparingly soluble in
DMF and DMSO, slightly soluble in low alcohols and
insoluble in water.

The structure of the compounds obtained has been
confirmed by elemental analysis (Table 1) and 'H NMR
spectroscopy (Table 2). The signals of protons of 2-OH
groups in the 'H NMR spectra resonate in the weak
field that is characteristic for enols — 15.91-15.63 ppm.
The terminal amide groups are present in triplets
common for them (or doublets in the case of 1-phe-
nylethylamides 51-n) in the region of 9.98-9.82 ppm.
The proximity of the proton in position 6 with an elect-
ronegative cyclic nitrogen atom causes its strong pa-
ramagnetic shift with respect to the other protons of
the pyridine moiety (see Fig.). Interestingly, the reso-
nance signals of protons of H-7 and H-9 in all N-(ben-
zyl)-2-hydroxy-8-methyl-4-oxo-4H-pyrido[1,2-a]py-
rimidine-3-carboxamides (5a-n) change places com-
pared to those in the 'H NMR spectrum of the start-
ing ester (4) [20]. It is ratter difficult to give an un-
ambiguous explanation for this fact without more re-
search since this effect was not observed in 9-methyl
substituted isomers previously studied [19]. The sig-
nals of aromatic protons of arylalkylamide fragments,
as a rule, are markedly shifted upfield and focused
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Scheme
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Table 1
Characteristics of benzylamides 5a-n
. Found, %

Compound Efrg::::jcgl - CaIcuI;ted, % . M.p., °C Yield, %
5a CHisN,O, sz e 1222 222-224 83
5b CHLFN,O, S 3 1292 196-198 92
5c C,,H,,CIN,0, % % % 203-205 94
5d C, H,,CIN,0, T T 1228 244-246 90
s CooHioN,0, o3l 230 122 210212 87
sf C,aH N0, Selt 223 200 199-201 84
59 CigHi;N50; % % % 191-193 88
sh CaHiN,0, 963 2 1248 186-188 89
5i CoHiN,O, o3 212 120 225-227 86
5; CioHisN:0, oL88 22 o 202-204 89
5k C,oHisN;0; o 223 e 238-240 95
5| C,gHN;0; o 22 20 170-172 80

5m* CooHioN,O, Selt 242 22 175177 81
S C,gHN,0; so82 23 1228 175-177 83

* [a]*, = + 18.6; ¢ = 5; DMF.
** [a]®, = - 18.6; ¢ = 5; DMF.

on the narrow segments of spectra appearing often
in the spectra by complex multiplets. Therefore, as-
signment of these signals to any particular benzyl-
amide proton becomes difficult, if not impossible (Ta-
ble 2). However, the need for such assignments is not
obligatory - the total integrated intensity of these sig-
nals is enough to confirm the structure of the N-(ben-
zyl)-2-hydroxy-8-methyl-4-oxo-4H-pyrido[1,2-a] pyri-
midine-3-carboxamides (5a-n) studied.

As one should expect, chiral 1-phenylethylami-
des (5m and 5n) have absolutely identical 'H NMR
spectra with the racemate (51) and the same values
of specific rotation differing only by signs (see Ta-
ble 1 and 2). Since the total chemical individuality of
enantiomeric substances is not a guarantee for their
purity in the sense of stereochemistry, then in the
case of 1-phenylethylamides (5m and 5n) there is
also a need to determine the optical purity. This is
despite the fact that in their synthesis the optically

8

pure S (-) - and R(+)-1-phenylethylamines (see Ex-
perimental Part) having a high optical stability and
being not susceptible to racemization during acyla-
tion were used [21]. It is due to the large number of
diverse external factors that can cause racemization
of chiral substances.

We tried to determine the enantiomeric purity
of 1-phenylethylamides (5m and 5n) using *"H NMR
spectroscopy and chiral lanthanide shift reagents
(LSR). Depending on the purity of the sample under
study their addition results in formation of one or
two diastereomers, in which protons become mag-
netically nonequivalent. In its turn, it is easily deter-
mined by doubling of some signals in the 'H NMR
spectrum [22]. Unfortunately, our experiments have
failed. Adding tris[3-(heptafluoropropylhydroxyme-
thylene)-(+)-camphorato]europium(III) to the solu-
tions of chiral 1-phenylethylamides (5m and 5n) and
even to their optically inactive racemic mixture (51)
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Fig. A fragment of the '"H NMR spectra (signals of aromatic protons) of amide 5k.

is not accompanied with duplication of any signals, As it is known [21], obtaining of both antipodes
it leads only to broadening of the majority of the with the same absolute value of the optical rotation
spectral signals. This result is obviously caused by can serve as a fairly reliable characteristic of the com-
the strongly expressed acidic properties of the sub-  plete optical purity, especially if both enantiomers

stances analyzed due to their 2-OH groups. are obtained independently by using a variety of asym-
Table 2
'"H NMR Spectra of benzylamides 5a-n
Compound Chemical shifts, 6, ppm (J, Hz)

5 15.86 (1H, s, 2-OH); 9.93 (1H, t, J = 6.0, NH); 8.80 (1H, d, J = 7.1, H-6); 7.38-7.19 (7H, m, H-7.9 + Ph);
4.57 (2H,d, J=6.1, CONHCH,); 2.42 (3H, s, 8-Me)

5p 15.82 (1H, s, 2-OH); 9.92 (1H, t, J = 6.1, NH); 8.79 (1H, d, J = 6.9, H-6); 7.45-7.09 (6H, m, H-7.9 + H-3)5"+
H-2/6"); 4.55 (2H, d, J = 6.0, CONHCH,); 2.42 (3H, 5, 8-Me)

5 15.63 (1H, s, 2-OH); 9.98 (1H, t, J = 6.0, NH); 8.82 (1H, d, J = 7.2, H-6); 7.50-7.21 (6H, m, H-7. 9 + H-3/4/5/6);
4.65 (2H,d, J=6.1, CONHCH,); 2.43 (3H, 5, 8-Me)

5q 15.79 (1H, s, 2-OH); 9.95 (1H, t, J = 6.0, NH); 8.81 (1H, d, J = 7.1, H-6); 7.43-7.33 (5H, m, H-9 + H-2/3,5/6");
7.22(1H,d,J=7.1,H-7); 456 (2H, d, /= 6.2, CONHCH,); 2.41 (3H, 5, 8-Me)

5e 15.81 (1H, s, 2-OH); 9.82 (1H, t, /= 5.6, NH); 8.79 (1H, d, /= 7.1, H-6); 7.35 (1H, s, H-9); 7.28-7.13 (5H, m,
H-7 + H-3/4/5,6"); 4.55 (2H, d, J = 5.6, CONHCH,); 2.42 (3H, s, 8-Me); 2.31 (3H, 5, 2"-Me)

5 15.85 (1H, s, 2-OH); 9.88 (1H, t, J = 5.9, NH); 8.79 (1H, d, J = 7.3, H-6); 7.35 (1H, 5, H-9); 7.25-7.03 (5H, m,
H-7 + H-2/456'); 4.53 (2H, d, J = 6.0, CONHCH,); 2.43 (3H, s, 8-Me); 2.27 (3H, s, 3'-Me)

5 15.89 (1H, s, 2-OH); 9.89 (1H, t, /= 5.5, NH); 8.79 (1H, d, /= 7.0, H-6); 7.35 (1H, 5, H-9); 7.22 (2H, d, /= 7.7,

9 H-2,6"); 7.12 (2H, d, J=7.7,H-3,5"); 452 (2H, d, J = 5.5, CONHCH,); 2.41 (3H, s, 8-Me); 2.26 (3H, s, 4'-Me)

5h 15.86 (1H, s, 2-OH); 9.89 (1H, t, /= 6.1, NH); 8.81 (1H, d, /= 7.3, H-6); 7.34 (1H, s, H-9); 7.29-6.86 (5H, m,
H-7 + H-3,4,5'6"); 4.53 (2H, d, J = 6.0, CONHCH,); 3.85 (3H, s, OMe); 2.42 (3H, s, 8-Me)
15.91 (1H, s, 2-OH); 9.83 (1H, t, J= 5.7, NH); 8.77 (1H, d, = 7.3, H-6); 7.33 (1H, 5, H-9); 7.27 (2H, d, = 8.9,

5i H-35); 7.20 (1H, d, J=7.1,H-7); 6.88 (2H, d, /= 8.9, H-2,6"); 4.49 (2H, d, J = 5.7, CONHCH,); 3.71 (3H, s,
OMe); 2.42 (3H, s, 8-Me)
15.93 (1H, s, 2-OH); 9.84 (1H, t, J = 5.6, NH); 8.79 (1H, d, /= 7.0, H-6); 7.36 (1H, 5, H-9); 7.22 (1H, d, /= 7.2,

5j H-7); 6.98 (1H, s, H-2'); 6.94-6.83 (2H, m, H-5/6"); 4.49 (2H, d, J = 5.6, CONHCH,); 3.72 (6H, s, OMe x 2);
2.41 (3H, s, 8-Me)
15.87 (1H, s, 2-OH); 9.85 (1H, t, J = 5.4, NH); 8.78 (1H, d, /= 6.8, H-6); 7.35 (1H, 5, H-9); 7.21 (1H, d, /= 6.8,

5k H-7);6.92 (1H, s, H-2'); 6.86-6,82 (2H, m, H-5/6"); 5.97 (2H, s, O-CH,-0); 4.46 (2H, d, J = 4 CONHCH,);
2.43 (3H, s, 8-Me)

5| 15.70 (1H, s, 2-OH); 9.93 (1H, d, J=7.0, NH); 8.81 (1H, d, J = 7.1, H-6); 7.45-7.19 (7H, m, H-7.9 + Ph);
5.17 (1H, g, J= 7.0, CONHCH); 2.42 (3H, s, 8-Me); 1.51 (3H, d, J = 7.0, CH-Me)

5m 15.70 (1H, s, 2-OH); 9.93 (1H, d, J= 7.0, NH); 8 1(1H,dJ= .1, H-6); 7.45-7.19 (7H, m, H-7. 9 + Ph);
5.17 (1H, q,J=7.0, CONHCH); 2.42 (3H, s, 8- Me),1 .51 (3H,d, J=7.0, CH-Me)

50 15.70 (1H, s, 2-OH); 9.93 (1H, d, J=7.0,NH); 8.81 (1H, d, J = 7.1, H-6); 7.45-7.19 (7H, m, H-7, 9 + Ph);
5.17 (1H, g, J = 7.0, CONHCH); 2.42 (3H, s, 8- Me),1 .51 (3H,d, J=7.0, CH-Me)
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metric reagents. Both the characteristics of 1-phenyl-
ethylamides themselves (5m and 5n) and the con-
ditions for their synthesis correspond to all these
criteria. Therefore, there is every reason to consider
these substances to be optically pure enantiomers.

In principle, the true spatial configuration of the
substance and direction of rotation of the polariza-
tion plane are unrelated characteristics [21]. There-
fore, rotation of the polarization plane by amides
(5m and 5n) in the opposite direction compared to
the starting amines should be considered only as an
interesting fact. Moreover, rotation of the configura-
tion (especially the complete one) when acylating
chiral 1-phenylethylamines is not observed [23].

The analgesic properties of the compounds syn-
thesized were studied in full compliance with the pro-
visions of the European Convention for the Protection
of Vertebrate Animals used for Experimental and other
Scientific Purposes, and the Law of Ukraine No. 3447=IV
“On protection of animals from cruel behaviour” (2006).
During the study the experimental animals were kept
on a standard diet with free access to food and water.

Screening tests were performed on nonlinear white
male mice weighing 18-23 g on the standard experi-
mental model of “acetic acid writhing” [24]. The no-
ciceptive effect was reproduced by intraperitoneal
injection of 0.6% solution of AcOH (0.1 ml per 10 g
of the body weight) in 1 h after oral administration
of the test sample. Observations of the animals were
within 20 min by counting the number of “writhings”.
The assessment of the analgesic effect was carried
out by the ability of test substances to reduce the
number of “writhings” in comparison with the un-
treated control and expressed as a percentage (Ta-
ble 3). The well-known non-narcotic analgesics Piroxi-
cam and Nabumetone were used as the reference
drugs. All N-(benzyl)-2-hydroxy-8-methyl-4-oxo-4H-
pyrido[1,2-a]pyrimidine-3-carboxamides (5a-n) under
study were introduced as a fine aqueous suspension
stabilized with Tween-80 (20 mg/kg, orally). The re-
ference drugs were introduced in the doses similar
to their corresponding ED., for the experimental mo-
del used [25]. The control animals received an equi-
valent amount of water and Tween-80. Seven expe-
rimental animals were involved to obtain statistical-
ly reliable results (in this work the significance level
of the confidence interval is taken as p < 0.05) in
testing each of the compounds synthesized, reference
drugs and control. Data from all biological tests were
processed using the t-Student’s test [26].

A detailed analysis of our experimental data (Ta-
ble 3) shows a very interesting structural and bio-
logical regularity: displacement of the methyl group
from position 9 of the pyrido [1,2-a] pyrimidine nu-
cleus to position 8 is accompanied with a marked
increase of the analgesic properties of exclusively
para-substituted N-(benzyl)-2-hydroxy-8-methyl-4-
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Table 3
The analgesic properties of benzylamides 5a-n
Analgesic activity
Compound | Average amount of ops
“acetic acid writhing” &
5a 38.9+1.7 51.1(52.3)
5b 29.9+1.2 62.4 (31.5)
5¢ 57.5+3.3 27.6 (32.7)
5d 35114 55.8(51.2)
5e 71.2+3.8 10.3(11.8)
5f 69.5+3.4 12.5(17.1)
59 53.0+2.6 33.2(16.4)
5h 65.9+3.1 16.9 (26.7)
5i 40.7£1.9 48.7 (25.6)
5j 51.2+£2.2 35.5(42.4)
5k 61.7£3.0 22.3(29.1)
51 67.0£3.5 15.6 (18.2)
5m 66.5+3.3 16.3 (16.9)
5n 64.8+£3.0 18.4(17.5)
g;ﬂ’:;?rk*;) 39.3+1.9 50.5
Z“S%b;’;‘/i;o)“e 40.6+2.1 489
Control 79.4+2.7 -

* Figures in parentheses are the analgesic activity of the corresponding
isomeric N-(benzyl)-2-hydroxy-9-methyl-4-oxo-4H-pyrido[1,2-a]
pyrimidine-3-carboxamides studied under the same conditions [19].

ox0-4H-pyrido[1,2-a]pyrimidine-3-carboxamides (5b,
5d, 5g and 5i). Thus, the analgesic effect of the ortho-
and meta-substituted derivatives remains nearly at
the same level. There is also no effect of this modifi-
cation on the activity of 1-phenylethylamides (51-n),
i.e. the presence of the methyl group in the methylene
bridge separating the aromatic ring and the amide
nitrogen atom should be clearly recognized as an
undesirable factor.

Of the whole group N-(4-fluorobenzyl)-2-hydroxy-
8-methyl-4-oxo0-4H-pyrido[1,2-a]pyrimidine-3-carb-
oxamide (5b) is of particular interest; by the level
of its analgesic action it substantially exceeds Piroxi-
cam and Nabumetone in much lower dose. On this
basis it can be recommended for profound pharma-
cological trials as a potential new analgesic.

Experimental Part

The 'H NMR spectra were recorded on a Varian
Mercury-400 spectrometer (400 MHz) in DMSO-d,
solution, the internal standard was TMS. Elemental
analysis was carried out on a EuroVector EA-3000
microanalyzer. Melting points were determined in
capillaries on a SMP10 Stuart digital melting point
analyzer. The specific rotation of the optically active
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amides 3m,n was determined on a Polamat A po-
larimeter. These syntheses use commercially S(-)-
and R(+)-1-phenylethylamines from Fluka with an
optical purity of at least 99.5%. The starting ethyl
2-hydroxy-8-methyl-4-oxo-4H-pyrido[1,2-a]pyrimi-
dine-3-carboxylate (4) was synthesized according to
the literature procedure [20].

The general procedure of obtaining N-(ben-
zyl)-2-hydroxy-8-methyl-4-oxo0-4H-pyrido[1,2-a]
pyrimidine-3-carboxamides (5a-n). Add 0.02 Mol
of the corresponding benzylamine to the solution
of 2.48 g (0.01 Mol) of ethyl 2-hydroxy-8-methyl-
4-oxo0-4H-pyrido[1,2-a]pyrimidine-3-carboxylate
(2) in 10-15 ml of EtOH and reflux for 30 h. Stop
heating the reaction mixture, then cool and allow to
stand at a temperature of about 0°C for 10-12 h. Fil-
ter the precipitate of benzylamide (5a-n) isolated,

first wash with a cold hexane, then with water and
dry in the air. Crystallize from the mixture of DMF -
ethanol (1:1).

Conclusions

1. For the purpose of the possible increase in anal-
gesic properties the chemical modification of the
compounds previously studied has been performed;
as a result, the synthesis of a series of N-(benzyl)-
2-hydroxy-8-methyl-4-oxo-4H-pyrido[1,2-a]pyrimi-
dine- 3-carboxamides has been carried out.

2. According to the results of the pharmacologi-
cal trials it has been found that in some cases dis-
placement of the methyl group from position 9 of the
pyridopyrimidine nucleus to position 8 is accompa-
nied with a noticeable increase in the analgesic ac-
tivity.

References

1.

Kubinyi H. Rossiiskii Khimicheskii Zhurnal - Russian Chemical Journal, 2006, Vol. L, No.2, pp.5-17.

2. Xiong W, Ma X, WuY, Chen Y, Zeng L., Liu J., Sun W,, Wang D., Hu Y. BMC Veterinary Research, 2015, No.11, pp.205. DOI: 10.1186/s12917-015-0459-9.

3. Kang Y. G, Park C. Y, Shin H., Singh R., Arora G., Yu C. M., Lee I. Y. Bioorganic & Medicinal Chemistry Letters, 2015, Vol. 25, No.17, pp.3650-3653. DOI:
10.1016/j.bmcl.2015.06.060.

4. Weng X, Baez]. E., Khiterer M., Hoe M. Y, Bao Z., Shea K. ]. Angewandte Chemie (International ed. in English), 2015, Vol. 54, No.38, pp.11214-11218.
DOI:10.1002/anie.201504934.

5. Murakami T, Okamoto H., Kim H. Biomaterials Science, 2015, Vol. 3, No.5, pp.712-715. DOI: 10.1039/c4bm00402g.

6. Uchida S., Kataoka K., Itaka K. Pharmaceutics, 2015, Vol. 7, No.3, pp.137-151. DOI: 10.3390/pharmaceutics7030137.

7. Ahmed S. A, El-Shayeb N. M., Hashem A. G., Saleh S. A., Abdel-Fattah A. E. Brazilian Journal of Microbiology: [publication of the Brazilian Society for
Microbiology], 2015, Vol. 46, No.1, pp.23-28. DOI: 10.1590/S1517-838246120120462.

8. Kirdponpattara S., Khamkeaw A., Sanchavanakit N., Pavasant P, Phisalaphong M. Carbohydrate Polymers, 2015, No.132, pp.146-155. DOI: 10.1016/j.
carbpol.2015.06.059.

9. DuH, Liu M., Yang X., Zhai G. Journal of Colloid and Interface Science, 2015, No.460, pp.87-96. DOI: 10.1016/].jcis.2015.08.049.

10. Sureshbabu A. R, Kurapati R., Russier J., Ménard-Moyon C., Bartolini 1, Meneghetti M., Kostarelos K., Bianco A. Biomaterials, 2015, No.72, pp.20-28.
DOI: 10.1016/j.biomaterials.2015.08.046.

11. Kuznetsov S. G., Chigareva S. M., Ramsh S. M. Itogi nauki i tekhniki. Organicheskaya Khimiya (The results of science and technology. Organic chemis-
try). Moscow, VINITI; 1991, Vol. 19, pp.25-54.

12. Fijatkowski K., Zywicka A., Drozd R., Niemczyk A., Junka A. F, Peitler D., Kordas M., Konopacki M., Szymczyk P, Fray M. E., Rakoczy R. Carbohydrate
Polymers, 2015, No.133, pp.52-60. DOI: 10.1016/j.carbpol.2015.07.011.

13. Guilini C,, Baehr C, Schaeffer E., Gizzi P, Rufi F, Haiech ]., Weiss E., Bonnet D, Galzi ]. L. Analytical Chemistry, 2015, Vol. 87, No.17, pp.8858-8866. DOI:
10.1021/acs.analchem.5b02100.

14. Morrison P. M., Foley P. ], Warriner S. L., Webb M. E. Chemical Communications (Cambridge, England), 2015, Vol. 51, No.70, pp.13470-13473. DOI:
10.1039/c5cc05469a.

15. Nilsen T. W. Cold Spring Harbor protocols, 2015, Vol. 2015, No.6, pp.599-603. DOI: 10.1101/pdb.prot081059.

16. Ukrainets 1. V,, Gorokhova 0. V, Nidal Amin Jaradat, Petrushova L. A., Mospanova E. V, Savchenkova L. V,, Kuz'min V. E., Lyahovsky A. V. 4-Hydroxyquin-
olin-2-ones and their Close Structural Analogues as a New Source of Highly Effective Pain-killers. In book: Pain and Treatment, Racz G.B. and Noe C.E.
(Ed.), Rijeka: InTech, 2014, pp.21-73. DOI: 10.5772/57402.

17. Ukrainets 1. V,, Petrushova L. A., Dzyubenko S. P, Sim G. Chemistry of Heterocyclic Compounds, 2014, Vol. 50, No.1, pp.103-110. doi:10.1007/s10593-
014-1452-0.

18. Ukrainets 1. V, Petrushova L. A., Dzyubenko S. P, Liu Yangyang. Chemistry of Heterocyclic Compounds, 2014, Vol. 50, No.4, pp.564-572. DOI1:10.1007/
510593-014-1508-1.

19. Ukrainets 1. V,, Alexeeva T V,, Davidenko A. A., Grinenko V. V. Zhurnal Organichnoi ta Farmatsevtichnoi Khimii - Journal of Organic and Pharmaceuti-
cal Chemistry, 2015, Vol. 13, No.3(51), pp.9-14.

20. Ukrainets L. V, Tugaibei I. A, Bereznyakova N. L., Kravchenko V. N., Turov A. V. Chemistry of Heterocyclic Compounds, 2008, Vol. 44, No.5, pp.565-575.
DOI:10.1007/s10593-008-0076-7.

21. Potapov V. M. Stereokhimiya (Stereochemistry). Moscow, Khimiya, 1988, 464 p.

22. Glinther H. NMR Spectroscopy: Basic Principles, Concepts, and Applications in Chemistry. Weinheim, Wiley-VCH, 2013, 734 p.

23. Ukrainets 1. V,, Taran S. G., Likhanova N. V,, Rybakov V. B,, Gorokhova O. V,, Jaradat Nidal Amin. Chemistry of Heterocyclic Compounds, 2000, Vol. 36,
No.1, pp.49-56. DOI: 10.1007/BF02256844.

24. Vogel H. G. Drug Discovery and Evaluation: Pharmacological Assays. Berlin, Springer; 2008, pp.1030-1032.

25. Sigidin Ya. A., Shvarts G. Ya., Arzamastsev A. P, Liberman S. S. Lekarstvennaya terapiya vospalitel’nogo protsessa (Drug Therapy of the Anti-inflam-
matory Process). Moscow, Meditsina; 1988, pp.60-63.

26. Sernov L. N., Gatsura V. V. Elementy experimentalnoi pharmakologii (Elements of Experimental Pharmacology). Moscow, Nauka, 2000, pp.308-316.

Hagiimna go pegakuii 07.09.2015 p.

11



