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UNEXPECTED RESULT IN THE REACTION OF
3-AMINO-3-THIOXOPROPANAMIDES WITH
2-ANILINOMETHYLENE DERIVATIVES OF
1,3-DICARBONYL COMPOUNDS. SYNTHESIS

OF PYRIMIDINE-5-CARBOXAMIDE DERIVATIVES

V. V. Dotsenko'*, K. A. Frolov', S. G. Krivokolyskol, and V. V. Polovinko*

The interaction of 3-amino-3-thioxopropanamides with 2-anilinomethylene derivatives of dimedone,
1,3-cyclohexanedione and Meldrum's acid led to the formation of 2-(2-amino-2-oxoethyl)-6-thioxo-
1,6-dihydropyrimidine-5-carboxamides. The latter were alkylated in alkaline medium with the
formation of 4-(alkylthio)pyrimidine-5-carboxamide derivatives.

Keywords: 3-amino-3-thioxopropanamides, pyrimidine-5-carboxamides, thiomalonamides, alkylation,
heterocyclization.

Reactions of activated methylene groups belonging to nitriles and amides with f-enamino ketones and
esters are quite widely used in synthetic practice for obtaining pyridine heterocycles (for reviews, see [1-8]).
Among the most available enaminocarbonyl substrates are the 2-anilinomethylene derivatives of 1,3-dicarbonyl
compounds, which are readily obtained by three-component condensation of activated methylene compound,
triethyl orthoformate, and aniline [9-13]. The reaction of 2-anilinomethylene derivatives of 1,3-dicarbonyl
compounds with activated methylene nitriles and amides has been used repeatedly and successfully for the
synthesis of a range of oxygen- and nitrogen-containing heterocyclic systems [12, 14-20].

We have previously shown [13] that the interaction of compounds 1-3 with cyanothioacetamide (4) is a
convenient method of preparing azines 5-7. The practical value of these compounds is explained by the fact that
they are starting materials for obtaining a series of biologically active substances, viz. modulators of
metabotropic glutamate receptors of subtype I (mGluR;) [21], IKKP enzyme inhibitors [22], ubiquitin
C-terminal hydrolase L1 inhibitors [23], HIV-1 integrase inhibitors [24], phosphodiesterase PDE4B inhibitors
[25], etc.
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While continuing investigations in this direction we attempted to prepare analogs of compounds 5-7
from enaminodicarbonyl compounds 1-3 and structural analogs of cyanothioacetamide (4), the 3-amino-
3-thioxopropanamides (thiomalonamides) 8a-e. Preliminary results [26] proved to be quite unexpected. Thus,
on interacting thiomalonamide 8a (R = H) with the dimedone 2-anilinomethylene derivative 2 (ratio of 8a:2 =
1:1, excess of KOH, EtOH) we obtained 6-thioxo-1,6-dihydropyrimidine-5-carboxamide 9a. The same product
was also formed on introducing the anilinomethylene derivative of Meldrum's acid 3 into the reaction. We
established that the analogous thioxopyrimidines 9b-e could be readily obtained from N-substituted
3-thioxopropanamides 8b-e and electrophilic substrates 1-3. As expected, the yields and purity of compounds
9a-e increased on introducing a twofold excess of thioamide component 8a-e into the reaction with enamines
1-3. A small library of pyrimidines 10a-v was obtained by alkylating thioxopyrimidines 9a-e at the sulfur atom.
The low yields of compounds 10a-v (15-46%) were presumably linked to the unoptimized reaction conditions
and the occurrence of side processes in the alkaline medium.

The structures of compounds 9a-e and 10a-v were confirmed by data of IR, 'H and “C NMR
spectroscopy, HPLC-MS, and elemental analysis, as well as by NMR experiments for compounds 10a (‘H-"C
HMBC, “C APT) and 10b (°C APT). In the mass spectra of compounds 9a-e peaks were detected for
molecular ions with m/z [2M(8a-e)-23], in IR spectra absorption bands were observed for amide C=0O groups.
The 'H NMR spectra of compounds 9a-e and 10a-v lacked signals for the fragments of dimedone,
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1,3-cyclohexanedione, or the COOH group. Instead, a singlet was detected for the methylene protons at 3.39-
4.05 ppm, as well as signals for two CONHR fragments, and also a narrow singlet for the pyrimidine ring
proton at 8.71-8.93 ppm. The spectral characteristics of compounds 10a-v are given in Table 1.
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Proceeding from the data of HPLC-MS, IR, and NMR spectroscopy, thioxopyrimidines 9a-e and their
S-alkyl derivatives 10a-v may be ascribed the structure of either 2-(carbamoylmethyl) isomer A, or 4-(carba-
moylmethyl) isomer B. An unambiguous choice in favor of structure A for the compound 10a was based on 'H
and "C heteronuclear correlation experiment through 2-3 bonds. The sole proton of the pyrimidine ring in the
HMBC spectrum had four correlation cross peaks (isomer A), while in the spectrum of the alternative structure
B only two cross peaks might be expected (Fig. 1). The observed 'H-""C HMBC correlations for 2-(2-amino-
2-oxoethyl)-4-[(2-amino-2-oxoethyl)thio]pyrimidine-5-carboxamide (10a) are given in Figure 2.

Each of the singlets of the methylene groups 2-CH,CONH, and SCH, gave two cross peaks: 3.73/165.8
(CH,/C-2), 3.73/170.4 (CH,/CONH,) and 3.79/169.2 (SCH,/C-4), 3.79/170.3 ppm (SCH,/CONH,), while four
correlations were detected for the proton H-6 at 8.73/123.5 (H-6/C-5), 8.73/165.8 (H-6/C-2), 8.73/166.4 (H 6/5-
CONH,), and 8.73/169.2 ppm (H-6/C-4). In the *C APT spectrum of 2-(2-amino-2-oxoethyl)-4-[(2-0xo-
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Fig. 1. Alternative structures A and B for compounds  Fig. 2. Scheme of the observed correlations in the
10a-v. 'H-"C HMBC spectrum of compound 10a
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2-phenylethyl)thio]pyrimidine-5-carboxamide (10b) four peaks of opposite phase were observed (154.4 ppm,
C-6, 128.1, 128.6, and 133.1 ppm, phenyl CH) and nine peaks in phase (phenyl C-1, three C=O signals, two
methylene group peaks, C-2, C-4, C-5). In the >C APT spectrum of pyrimidine 10a a sole peak of opposite
phase (154.9 ppm, C-6) was observed.

The pyrimidine ring formation mechanism of compound 9 was of interest to us. The enaminodicarbonyl
compounds 1-3 had the obvious role of methine C,-synthons, while one of the thiomalonamide 8 molecules
formally reacted as an N-nucleophile, and another as a C-nucleophile. The possible mechanisms of the

interaction are shown below.
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The mechanism 1 includes vinylic substitution of the aniline fragment with a thioamide fragment and
removal of 1,3-dicarbonyl compound followed by cyclization to the pyrimidine derivative 11. It is suggested
that the latter was attacked at the C-2 atom by the carbanion of compound 8 and underwent recyclization
through the intermediate 12 with elimination of H,S and the formation of pyrimidine 9. The alternative
mechanism 2 assumes a sequential formation of the open-chain intermediates 13 and 12.

The known ability of thioamides to play the role of N-nucleophiles in vinylic substitution reactions
supports the proposed aniline fragment substitution by thioamide as the first stage of the process [27, 28]. It
should also be noted that the competitive C-/N-nucleophilicity of thiomalonamides 8 in SyVin reactions was
noted in a previous work [29]. Presumably the most probable reason for the anomalous reactivity of compounds
8 with enamine substrates 1-3 was the decreased CH-acidity of the methylene fragment of

443



(UdANOD s 1q ‘HI) 61°01 “0V H 98 =/ ‘P ‘HT) OL'L “(0V H W ‘H¥) 65°L-SS'L “0OV H 98 =/ P ‘HT) L'L 0991

6901 ‘St'0T| €8°8 90'¥ 00t (AVH98=/;PHO LEL (Ud SECH08=/TL=1;PPHY €TL UV HTL=LVHD 669 | 991 §sTe 101
(IVHANOD ‘s 19 ‘HI) L£6 ‘OVH |OVH L'L =1 P HD 8S'L OVH S L=/ P ‘HD ¥¥'L
‘O'L=rPHD 06'L “(0V H ‘W ‘HY) S0'L-66'9 ‘(OV H AVHLL=L;PHOLULAVHSL="

€501 “P1°01| L83 cl'y 00y ‘L'9=L: ‘99 =/, PP ‘HI) 989 {(EHDO ‘s ‘HE) SL'€ PHT) LO'L “((HD ‘S ‘HE) LTT “((HD ‘s ‘HE) €T°C $991 0Lze | oI

(IVHNOD ‘s "1q ‘HI) 01°01 ‘0V H ‘€'L =1 ‘P ‘HT) 6S'L

AVH L=/ P HO SY'L AV H'S ‘HI) LTL “(V H ‘W ‘HE) 0T'L-v1'L ‘(0V H W ‘HE) [1°L-LO'L
6v'01 SI°01| €88 801 L6'E AV H ‘6'9=/¢ P ‘HD) 19'9 “(FHOO s ‘HE) 69°¢€ {((HO ‘s “HE) 82°C “(FHD S ‘HE) €T°C|  0L91 ({43 fox
(IVHNOD ‘s 'Iq “HI) L9'6

AV HT8=/; PHIDLYL(OVH6'L=/; P HI 65L OV H ‘W ‘HE) §t'L-¢H'L {0V H W “HI) 8T'LYT'L

€501 SST'0T| $8'8 STy 00+ AV H ‘W HE) 8T°L-¥1'L OV H ‘6'L =1 ‘P ‘HT) LOL ‘(FHD s ‘HE) 8T'C {((HD S ‘HE) €T |  $991 0LT€ 101
. (IVHNOD ‘s "1q ‘HI) 11°01
cs01 OV H I'8 =/¢ P ‘HT) 8S'L *(0V H W *HY) 9% L-¥¥'L *(0V H I'8 =/ ‘P ‘HT) L1'L *(IV H W *HY) 60°L-S0°L
€101 78’8 LOY L6'E {((HOHD ‘W ‘HY) €5°C-6%'C {(FHD ‘s “HE) 8T°C “(*HD ‘s “HE) €2°C “(FHO™HO ‘S'L =/ ‘HE) TI'1 $991 0Lze | oI
B (HNOO ‘s 1q OVHvL="
. ‘HI) 11 “(FHOS pue tHO*HOO def10A0 [eusts ‘w ‘PHT) 09°L {0V H ‘8'L=/; ‘P ‘HT) 6€'L
9501 ‘Hb) 0T+-C1't ((CHOT ‘W ‘Hp) 19°-95°C ((FHOT ‘W OVHYYL=LPHDLIULOVHSL="
80°01 68 |(quo)| se¢ ‘Hp) 69°'1-€9°T ‘(FHDHIO ‘6'9 =/ ‘HE) 61'1 P HT) €0°L {(FHD ‘s “HE) LTT {(*HD 'S “HE) TT'T — — 301
IV H‘s'8 = [(0=D) ¥+91
. B ‘PHYSSLAOVH V8=, PHDIL| 6591
€e0l (FHO™HOO ‘I'L =% (IVHS8=/PHD 80 L OV Hv'8=r;| ‘(4°00) | SLI€
1066 18'8 06'€ 68°¢ b ‘HT) S0'¥ {((HOTHOO ‘T'L =£¢ } ‘HE) 8T'1 PHT) TO'L {((HO ‘s “HE) TE'T {(FHD 'S ‘HE) 6T°C|  6TLI ‘zsee | ol
0r0T
€701 08'8 0% 9'¢  |(HN ‘S "Iq “HI) 60°01 {0V H ‘W ‘HY) 09'L-6T'L ‘(IV H ‘W “Hp) 80°L-00"L {(FHD ‘s “HE) T€'T “(FHD 'S ‘HE) 8T'T — — 01
@V HLL=r:PHDOLL
. (FHO®HOHD ‘L'9 =11 *HY) T6'€ AVH6L=/;PHDOYL| $99T
09°01 {(FHOTHD™HD ‘W HY) 1§’ -4’1 {aOV H ‘W HY) 6€'L-8TL OVHOL=/; | ‘(Ud0D)
€T01 88'8 66'¢ 96'¢ {(FHOTHO™D ‘€L =r¢ V ‘'HE) 9L°0 VHDYIULAOVHOL=,; Y HDSOL| ObLI ogee | por
(HNOD ‘s "Iq ‘HI) S€°01 ‘(0V H ‘8'8 =% (FHNOD s 19 ‘HI) 1’8 0LTE
— LL'8 10% 69°¢ ‘PHT) €9°L {0V H ‘8’8 =/ ‘P ‘HT) SE'L [Pue (s 'Iq ‘HI) €£°L {(S "1q ‘HI) [S'L (S IQ‘HI) OT'L|  T691 ‘08¢ | 201
(Ud 9°C-H ‘8'L =r¢ ‘P ‘HT) S0'8
(Ud P-H 0T =1, CL=" W ((HNOOT ‘s 19 ‘HI) 17’8
— SL'8 LYY 6€€ ‘HT) 89°L {(Ud S°€-H ‘§'L =1¢ ‘€L =/ ‘PP ‘HT) 9S°L [Pue (s "1q “HT) €L°L (S "1q ‘HT) 0¢'L (S 19 ‘HT) 96'9 — — qor
(FHNOOE ‘s 19 ‘HI) 818 | $991 8LIE
— €L'8 6L'€¢ cLe pue (s 1q ‘H1) ¢L'L (S 1q ‘HT) $S°L (S 19 “HI) ¢&'L {(S "1 “‘HI) OT'L (S 1 ‘HI) 60°L | ‘S69T | ‘09¢€ | ®0I
3 L 9 S v 3 4 i
(s1q°HD) [ ($*HD | (s ‘HY) | (s ‘HT)
d d = HN
HN | 9H | WOs | HO ~ 0= punod
(zH ) wdd @ ‘wmnoads YN H, U0 ‘A “wnoads Y[ S

A-g( ] spunoduio)) pasizoyiuis ayp Jo sonsLeoeIey)) [810ads ‘1 419V.L

444



$991 0LT€
¥L'0T ‘'81°0T| 988 oLy e (OVH€8=/PHO 6L (OVHES=/ P HY) OLL OVHC8=/, P HO LSL ‘OVH WHY SHL-T¥L | ‘00LT | ‘00€€| A0l
(IVH08=/:PHIDOLL
AVHOL=/;PHDTISL AVH08=/;PHODISLAVH| 991
€L0TITOT| $8'8 oLy vL'€E AV H9OL=/:PHD 61'L(FHD S ‘HE) TET| ‘8= P HY SY'LOVH88=r:PHIOTIL| ‘0691 00€€ | MOI
(IVHNOD ‘s '1q ‘HT) 08°6 ‘(IV H ‘W “HT) 9T'L-€T L (OVH'SL=r:PHD69L (VH 8¢
SL'OT #¥01| 888 iy €0y @V H W HD $1°L-01°L {((HD ‘S ‘HE) ¥1°C W HY) LS'L-€S'L OVH V'8 =/ PHDbFL| $991 ‘orge | 11
(IVHNOD ‘s "1q ‘HT) $$°6 ‘(OV H ‘6°L =/
PHDVILAVHSHID 969 (OVH 6L=" (OVH08=r:PHYILL(OVH
18°0T LS°0T| 88'8 Iy SOy PHT) L8'9 {(FHD ‘s ‘HE) 1T°C {(*HD ‘s “HE) 80°C W HY) 8S°L-¥S'L ‘OVH 08 =/ P ‘HD ¥¥'L| 7991 (4443 SOT
B (VHT8=r:PHIDILL
(IVHNOD ‘s "I1q ‘HI) 676 AVHT8=,;PHOISLOVHT8=Cc| 6591
¥9°01 5S€01| #8'8 80t Y0y IV H W °HE) 01°L-66'9 {((HOT ‘s ‘HY) 60'C ‘PHO YL OVH T8 =/ PHDTEL| ‘0891 ssze | 01
(IVHNOD ‘s "1q ‘HI1) 1701 ‘(0V H ‘9'8 =/ ‘P ‘HT) 0L'L ‘(0V H ‘W ‘HY) 9S'L-TH'L
6L°01TS0T| L8’ 801 10t AV H 08 =/ P HY 90°L (CHOHD ‘S'L =/ D “HT) LT€ (CHOHD ‘S'L =/ ‘HE) 611 8591 89z¢ | bor
(IVHNOD ‘s 19 ‘HT) I+'6 {0V H ‘W “HI) 0€'L-LT L (IVH88=r:PHOILL
@V H ‘W HE) $1°L-90"L ‘{CHOTHD ‘S'L =1 AVH88=/; P HUSSL(OVHS8=rc| 8591
99'01 ‘8€°01| +8'8 801 €0'¥ b ‘H?) 81°¢ {((HOHD ‘'L =/ F ‘HE) 80'1 PHYWLOVHSS=rPHDSEL| ‘LLIT obce | dor
(IVHANOD ‘s 19 ‘HI) $0°01 “0V H‘0'6 =1¢ P ‘HD) 69°'L | 0991 981¢
69°01 “P€'0T| €88 €0t 86'¢ (AV H ‘W ‘HY) $§'L-6¥'L “(0V H ‘W ‘Hy) TH'L-8€°L {OV H °S'8 =/ ‘P ‘HT) TO'L “CHD 'S ‘HE) ¥T'T| ‘0891 | ‘0STE| 001
(IVHNOD ‘s "1q‘HI) 156 ‘OVH ‘v'L =/
PHDICLAVH 6=/ P HDLI'L (VH08=r:PHY69'L (OVH
€L'0T‘0V°0T| L8'8 (484 €0'y {0V H "W *HY) T1'L-%0°L *(FHD 'S *HE) €1°C WHY) LS'LYSLOVH T8=L PHDSKL| (591 oLze | Uol
(Ud*HOHN ‘T°S =1 (IVHS8=r: P ‘HT 69'L
9 °HT) 798 {(Ud H ‘W ‘HT) 8T'L-ST'L “(Ud H AVH S8 =/ P HY 09L ‘(OVH ‘S8 =%
WHE) 17°L-LT'L “UdHDHN ‘T°S = £ ‘P ‘HO) ¥T'v PHYSSLOVHS8=/cPHDLYL| 0991 787¢ | wor
6L°01 '5S°01| 988 66'€ v6'¢
8 L 9 S v € 4 I

(ponunuod) [ 41dV.L

445



thioamides 8 (estimated pK, = 14-15, assessed by analogy with structurally related compounds [30]), in
comparison with the CH acidity of cyanothioacetamide 4 (pK, ~ 9.5 [31] and the overall NH acidity of primary
thioamides (pK, 12-13 [32]). Compounds 11 have been described in the work [29] among other products of the
thiomalonamide 8 reaction with ethoxymethylenemalonic ester. The conversion 11 — 12 — 9 is formally a
variant of the Kost—Sagitullin rearrangement. The possibility of nucleophilic attack at C-2 position of the
pyrimidine ring is in agreement with literature data for this type of reactions [33].

Compounds 9a-e were yellow powders, insoluble in EtOH, poorly soluble in acetone and AcOH,
moderately soluble in DMF and DMSO. Pyrimidines 10a-v were colorless crystals or white/beige powders,
insoluble in EtOH, moderately soluble in acetone, and soluble in hot AcOH and DMF.

In conclusion it should be mentioned that the reaction discovered by us opened a principally new
approach to the construction of the pyrimidine ring and enabled the creation of new fuctionally substituted
derivatives of pyrimidine. Currently the work continues on the method optimization for obtaining these
compounds, characterization of their properties and investigating the mechanism of their formation.

EXPERIMENTAL

The IR spectra were recorded on Thermo Nicolet Avatar 370 DTGS (in KBr pellets, compound 9a) and
on IKS-29 spectrophotometers (in nujol, remaining compounds). The 'H NMR spectra were recorded on Bruker
DRX-500 (500 MHz for compounds 9a, 10a-¢), Varian Gemini 200 (200 MHz for compounds 8a, 9c-e,
10e.f1,0,p,r),Varian Unity Plus (400 MHz for compounds 9b, 10d,g-k,m,n,q,s-v) instruments. The BC NMR,
BC APT, and two-dimensional 'H-"C HMBC spectra were recorded on a Bruker DRX-500 (500 and 125 MHz
for 'H and "C nuclei, respectively). The solvent for all NMR spectra was DMSO-dg, internal standard was
TMS. The HPLC-MS analysis of compounds 10d,j was carried out on an Agilent 1100 chromatograph with a
diode matrix (215, 254, and 264 nm) and mass selective (Agilent LC/MSD SL) detectors, ionization type APCI.
HPLC-MS analysis of the remaining compounds was performed on a Shimadzu LC-10AD liquid
chromatograph with Shimadzu SP D-10A UV-Vis (254 nm) and Sedex 75 ELSD detectors, linked with a PE
SCIEX API 150EX mass detector, ionization by electrospray at atmospheric pressure. Elemental analysis was
performed on a Carlo-Erba 1106 Elemental Analyzer. Melting points were determined on a Kofler hot stage
apparatus and were not corrected. The purity of the obtained compounds was checked by TLC on Silufol
UV-254 plates, eluent was acetone—hexane, 1:1, visualization with iodine vapor, UV detector.

2-Anilinomethylene-1,3-cyclohexanedione (1), 2-anilinomethylene-5,5-dimethyl-1,3-cyclohexanedione
(2) and 5-anilinomethylene-2,2-dimethyl-1,3-dioxane-4,6-dione (3) were obtained by known procedures [13,
17]. 3-Amino-3-thioxopropanamides 8a-e were obtained by passing H,S through a solution of the
corresponding cyanoacetamide in a pyridine—Et;N mixture [34, 35].

3-Amino-3-thioxopropanamide (8a) was obtained by a modification of published procedure [34] in
the following way. Cyanoacetamide (25 g, 0.297 mol) was placed in an 150-ml Erlenmeyer flask, then pyridine
(25 ml) and Et;N (21 ml, 0.151 mol) were added. H,S was passed through the obtained suspension with heating
(40-50°C) and stirring for 6 h. The reaction mixture was maintained overnight in a freezer (-10°C), the
precipitated solid was filtered off and washed with cold EtOH and Et,O. The filtrate was kept in the freezer for
72 h and a further quantity of pure product was obtained. The overall yield was 23.65 g (67%), beige powder,
mp 105-107°C (EtOH) (mp 103-105°C [35], mp 110-112°C [36]). The product dissolved readily in water, hot
EtOH, and was not soluble in Et,0. "H NMR spectrum, &, ppm: 3.42 (2H, s, CH,); 6.96 (1H, br. s) and 7.41
(1H, br. s, CONH,); 9.29 (1H, br. s) and 9.43 (1H, br. s, CSNH,). Found, %: C 30.66; H 5.18; N 23.59.
C;HgN,OS. Calculated, %: C 30.49; H 5.12; N 23.71.
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2-(2-Amino-2-oxoethyl)-6-thioxo-1,6-dihydropyrimidine-5-carboxamides 9a-e (General Method).
Thioamide 8a-e with activated methylene group (0.030 mol) and the corresponding enamino-1,3-dicarbonyl
compound 1-3 (0.015 mol) were placed in a 100-ml beaker, and 96% EtOH (40 ml) was added. KOH (3.4 g,
0.061 mol) was added to the obtained suspension with vigorous stirring and mild heating (~40°C). In this way
the starting compounds gradually dissolved (in the case of thioamides 8a,e, the solid potassium salt of the
product precipitated after 10-20 min). The reaction mixture was stirred for 6 h at 25°C, maintained for 48 h at
room temperature, and then an excess (10 ml) of conc. HCI was added dropwise with stirring. The precipitated
yellow product was filtered off, washed with EtOH, water, and acetone. The obtained substances were refluxed
in AcOH or acetone to obtain analytically pure samples. Thioxopyrimidines 9a-e were also formed by reacting
compounds 8a-e and 1-3 at a ratio of 1:1, but in reduced yield and significantly contaminated with the starting
enamines 1-3.

2-(2-Amino-2-oxoethyl)-4-[(2-amino-2-oxoethyl)thio|pyrimidine-5-carboxamide (9a). Yield 2.13 g
(67%) (from thiomalonamide 8a and enamino diketone 2, 2:1), 2.04 g (64%) (from thiomalonamide 8a and
Meldrum's acid derivative 3, 2:1), 0.81 g (51% calculated compound 8a, from thiomalonamide 8a and
compound 3, 1:1). The preparation of compound 9a from compounds 8a and 2 (1:1) was described in the work
[26]. Yellow powder; mp 245-250°C (decomp.). 'H NMR spectrum, 8, ppm: 3.74 (2H, s, 2-CH,); 7.08 (1H, br.
s) and 7.54 (1H, br. s, CH,CONH,); 7.72 (1H, br. s) and 9.28 (1H, br. s, 5-CONH,); 8.71 (1H, s, H-4); 14.03
(1H, br. s, NH). The results of HPLC-MS, elemental analysis, and spectral investigations (IR and *C NMR
spectra) were in agreement with those given in study [26].

N-Benzyl-2-[2-(benzylamino)-2-oxoethyl]-6-thioxo-1,6-dihydropyrimidine-5-carboxamide 9b).
Yield 4.36 g (74%) (from thioamide 8b and enaminoketone 2, 2:1). Pale-yellow powder; mp >250°C (decomp.).
R 0.45. IR spectrum, v, cm™: 3275 (N-H), 1650 (C=0). 'H NMR spectrum, 8, ppm (J, Hz): 3.83 (2H, s,
CH,CONH); 4.30 (2H, d, °J = 5.9, CH,NH); 4.55 (2H, d, °J = 5.7, CH,NH); 7.24-7.37 (10H, m, H Ph); 8.72
(1H, s, H-4); 8.33 (1H, t, °J = 5.7, CH,NH); 10.36-10.42* (1H, m, CH,NH); 14.57 (1H, br. s, CONH). Mass
spectrum, m/z: 393.6 [M+H]", 786.0 [2M+H]". Found, %: C 64.40; H 5.27; N 14.12. C;;H5(N,OS. Calculated,
%: C 64.27; H 5.14; N 14.28.

2-(2-Anilino-2-oxoethyl)-N-phenyl-6-thioxo-1,6-dihydropyrimidine-5-carboxamide (9c¢). Yield 4.15
g (76%, from thiomalonamide 8¢ and enamino diketone 1, 2:1), 1.78 g (65% calculated from the
thiomalonamide 8¢, from thiomalonamide 8c and enamino diketone 2, 1:1). Lemon-colored powder; mp
>250°C (decomp., AcOH). IR spectrum, v, cm™: 3285, 3180 (N-H), 1665, 1650 (C=0). '"H NMR spectrum, J,
ppm : 4.00 (2H, s, CH,CONH); 6.95-7.13 (2H, m, H Ar); 7.24-7.37 (4H, m, H Ar); 7.57-7.70 (4H, m, H Ar);
8.83 (1H, s, H-4); 10.37 (1H, s, CH,CONH); 12.27 (1H, s, 5-CONH); 14.37 (1H, br. s, NH). Found, %:
C 62.89; H4.57; N 15.32. C19H4sN4O,S. Calculated, %: C 62.62; H 4.43; N 15.37.

N-(4-Methylphenyl)-2-{2-[(4-methylphenyl)amino]-2-oxoethyl}-6-thioxo-1,6-dihydropyrimidine-
5-carboxamide (9d). Yield 1.59 g (54% calculated on thioamide 8d, from the thioamide 8d and enamino
diketone 2, 1:1), 3.53 g (60%, from thioamide 8d and enamino diketone 2, 2:1). Sandy-colored powder; mp >
250°C (decomp., AcOH). R 0.64. IR spectrum, v, cm™: 3285, 3180 (N-H), 1672, 1650 (C=0). 'H NMR
spectrum, 8, ppm (J, Hz): 2.29 (3H, s, CH;); 2.32 (3H, s, CH3); 3.96 (2H, s, CH,CONH); 7.04 (2H, d, 3J=28.2,
H Ar); 7.09 (2H, d, °J = 8.4, H Ar); 7.44 (2H, d, °J = 8.4, H Ar); 7.56 (2H, d, °J = 8.2, H Ar); 8.93 (1H, s, H-4);
10.09 (1H, s, CH,CONH); 12.36 (1H, s, 5-CONH); 14.60 (1H, br. s, NH). Mass spectrum, m/z: 393.6 [M+H]",
786.0 [2M+H]". Found, %; C 64.57; H 5.29; N 14.25. C;;H,0N40,S. Calculated, %: C 64.27; H 5.14; N 14.28.

N-(4-Bromophenyl)-2-{2-[(4-bromophenyl)amino]-2-oxoethyl}-6-thioxo-1,6-dihydropyrimidine-
5-carboxamide (9¢). Yield 2.51 g (64%, calculated on thiomalonamide 8e, from the thiomalonamide 8e and
enamino diketone 2, 1:1), Yellow powder; mp >250°C (decomp., DMF). '"H NMR spectrum, &, ppm (J, Hz):

*Unresolved triplet
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3.97 (2H, s, CH,CONH); 7.37-7.43** (4H, m, H Ar); 7.55 (2H, d, *J = 8.7, H Ar); 7.64 (2H, d, >J = 8.8, H Ar);
8.92 (1H, s, H-4); 10.36 (1H, s, CH,CONH); 12.53 (1H, s, 5-CONH). Found, %: C 44.01; H 2.79; N 10.63.
CoH14BrN4O,S. Calculated, %: C 43.70; H 2.70; N 10.73.

4-(Alkylthio)-2-(2-amino-2-oxoethyl)pyrimidine-5-carboxamides  10a-v  (General = Method).
Aqueous 10% KOH solution (2.1 ml, 4.1 mmol) was added to a suspension of thioxopyrimidine 9a-e
(4.0 mmol) in EtOH (20 ml), and the mixture was stirred until complete dissolution, with heating as necessary.
A solution of alkylating agent (4.0 mmol of phenacyl bromide, chloroacetic ester, or chloroacetanilide
derivative) in EtOH (6-7 ml) was added dropwise to the obtained solution. The reaction mixture was stirred for
3 h at 15-20°C, maintained for 72 h without stirring, then diluted with HO (10 ml), stirred for 5 h, and the solid
was filtered off. The product was recrystallized as necessary from an appropriate solvent (in those cases the
yields are indicated for the recrystallized product).

2-(2-Amino-2-oxoethyl)-4-[(2-amino-2-oxoethyl)thio|pyrimidine-5-carboxamide (10a). Yield 0.69 g
(33%). White powder; mp >250°C (DMF). >C APT NMR spectrum, 8, ppm: 33.7 (CH,); 46.7 (SCH,); 123.5
(C-5); 154.9* (C-6); 165.8 (C-2); 166.4 (5-CONH,); 169.2 (C-4); 170.3 (SCH,CONH,); 170.4 (2-CH,CONH,).
Mass spectrum, m/z: 270.6 [M+H]", 539.8 [2M+H]". Found, %: C 40.27; H 4.25; N 25.95. CoH;;N;sO5S.
Calculated, %: C 40.14; H 4.12; N 26.01.

2-(2-Amino-2-oxoethyl)-4-[(2-ox0-2-phenylethyl)thio]pyrimidine-5-carboxamide (10b). Yield 0.48 g
(36%). White powder; mp >200°C (acetone-MeOH, 1:2). >C APT NMR spectrum, 3, ppm; 36.6 (CH,); 45.6
(SCHy); 122.6 (C-5); 128.1* (CH Ar); 128.6* (CH Ar); 133.1* (CH Ar); 136.5 (C-1 Ar); 154.4* (C-6); 165.1
(C-2); 165.8 (5-CONH;); 168.3 (C-4); 169.3 (2-CH,CONH,); 194.5 (PhCO). Found, %: C 54.44; H 4.30;
N 17.05. C;sH4N4O3S. Calculated, %: C 54.53; H 4.27; N 16.96.

2-(2-Amino-2-oxoethyl)-4-({2-[(4-chlorophenyl)amino]-2-oxoethyl}thio)pyrimidine-5-carboxami-
de (10c). Yield 0.70 g (46%). White powder; mp 226-228°C (decomp., AcOH). *C NMR spectrum, &, ppm:
34.7 (CHp); 46.0 (SCHyp); 120.8 (C Ar); 122.6 (C-5); 126.8 (C Ar); 128.5 (C Ar); 137.9 (C Ar); 154.5 (C-6);
165.2 (C-2); 165.8 (5-CONH,); 166.9 (C-4); 168.7 (2-CH,CONH,); 169.7 (CONHAr). Mass spectrum, m/z:
380.8 [M+H]", 759.8 [2M+H]". Found, %: C 47.35; H 3.79; N 18.35. C;sH4CIN;sO;S. Calculated, %: C 47.43;
H 3.72; N 18.44.

Propyl {[2-(2-Anilino-2-oxyethyl)-5-(N-phenylcarbamoyl)pyrimidin-4-yl]thio}acetate (10d). Yield
0.59 g (32%). White powder, mp 210-212°C (EtOH-acetone, 1:1). Mass spectrum, m/z: 465.0 [M+H]", 463.0
[M-HJ. Found, %: C 61.92; H 5.36; N 12.00. C»4;H,4N40,4S. Calculated, %: C 62.05; H 5.21; N 12.06.

4-({2-|(4-Bromophenyl)amino]-2-oxoethyl} thio)-NV-(4-methylphenyl)-2-{2-[(4-methylphenyl)amino]-
2-oxoethyl}pyrimidine-5-carboxamide (10e). Yield 0.87 g (36%). White powder; mp >250°C (DMF). Found,
%: C 57.85; H 4.46; N 11.49. C,H,6BrN;sO3S. Calculated, %: C 57.62; H 4.34; N 11.59.

Ethyl [(2-{2-[(4-Methylphenyl)amino]-2-oxoethyl}-5-[ N-(4-methylphenyl)carbamoyl]pyrimidin-
4-yl)thio]acetate (10f). Yield 0.52 g (27%). Colorless crystals; mp 218-220°C (AcOH). Found, %: C 62.65;
H 5.46; N 11.89. C,5sH,N,O,S. Calculated, %: C 62.74; H 5.48; N 11.71.

Ethyl 2-({[(5-{[(4-Methylphenyl)amino]carbonyl}-2-{2-[(4-methylphenyl)amino]-2-oxoethyl}pyri-
midin-4-yl)thio]acetyl}amino)-4,5,6,7-tetrahydro-1-benzo[b|thiophene-3-carboxylate (10g). Yield 1.05¢g
(40%). Beige powder; mp >250°C (AcOH). Found, %: C 61.94; H 5.49; N 10.79. C;34H;5N;05S,. Calculated, %:
C 62.08; H 5.36; N 10.65.

N-(4-Methylphenyl)-4-({2-[(4-ethylphenyl)amino]-2-0xo-ethyl}thio)2-{2-|(4-methylphenyl)amino]-
2-oxoethyl}pyrimidine-5-carboxamide (10h). Yield 0.82 g (37%). Beige, finely crystalline powder; mp
>250°C (AcOH). Found, %: C 67.19; H 5.73; N 12.73. C5;H3,Ns0;S. Calculated, %: C 67.25; H 5.64; N 12.65.

*Qverlap of two doublets. Signal of endocyclic NH proton is not displayed, evidently due to deuterium

exchange.
**Signal in antiphase.

448



4-({2-[(2-Chlorophenyl)amino]-2-oxoethyl}thio)-N-(4-methylphenyl)-2-{2-[(4-methylphenyl)amino]-
2-oxoethyl}pyrimidine-5-carboxamide (10i). Yield 0.43 g (19%). White powder; mp >250°C (AcOH). Found,
%: C 62.05; H 4.80; N 12.71. C9H,6CINsO;S. Calculated, %: C 62.19; H 4.68; N 12.50.

4-({2-|(3-Methoxyphenyl)amino]-2-oxoethyl} thio)-/V-(4-methylphenyl)-2-{2-[(4-methylphenyl)amino] -
2-oxoethyl}pyrimidine-5-carboxamide (10j). Yield 0.38 g (17%). White powder, mp >250°C (AcOH). Found,
%: C 64.77; H 5.40; N 12.57. C50H,9N504S. Calculated, %: C 64.85; H 5.26; N 12.60.

4-({2-[(2-Methoxyphenyl)amino]-2-oxoethyl} thio)-/V-(4-methylphenyl)-2-{2-[(4-methylphenyl)-
amino]-2-oxoethyl}pyrimidine-5-carboxamide (10k). Yield 0.42 g (19%). White powder; mp 187-189°C
(AcOH). Mass spectrum, m/z: 556.0 [M+H]", 554.1 [M-H]". Found, %: C 64.72; H 5.34; N 12.69. C3,H,oN50,S.
Calculated, %: C 64.85; H 5.26; N 12.60.

4-[(2-Anilino-2-oxoethyl)thio]-/V-(4-bromophenyl)-2-{2-[(4-bromophenyl)amino]-2-oxoethyl} pyrimidi-
ne-5-carboxamide (101). Yield 0.84 g (32%). White powder; mp >250°C. Found, %: C 49.70; H 3.30; N 10.57.
C,7H,Br;NsO5S. Calculated, %: C 49.48; H 3.23; N 10.69.

4-{|2-(Benzylamino)-2-oxoethyl]thio}-N-(4-bromophenyl)-2-{2-[(4-bromophenyl)amino]-2-oxoethyl}-
pyrimidine-5-carboxamide (10m). Yield 1.04 g (39%). Beige powder; mp 233-235°C. Found, %: C 50.07;
H 3.54; N 10.39. C,3H»;Br,NsO5S. Calculated, %: C 50.24; H 3.46; N 10.46.

N-(4-Bromophenyl)-2-{2-[(4-bromophenyl)amino]-2-oxoethyl}-4-({2-[(2-methylphenyl)amino]-2-oxo-
ethyl}thio)pyrimidine-5-carboxamide (10n). Yield 0.83 g (31%). Beige powder; mp >240°C (decomp.).
Found, %: C 50.10; H 3.50; N 10.49. Cy3H»;Br,N50;S. Calculated, %: C 50.24; H 3.46; N 10.46.

N-(4-Bromophenyl)-2-{2-[(4-bromophenyl)amino]-2-oxoethyl}-4-({2-[(4-methylphenyl)amino]-2-oxo-
ethyl}thio)pyrimidine-5-carboxamide (100). Yield 1.10 g (41%). White powder; mp >300°C (acetone—-DMF,
4:1). Found, %: C 50.15; H 3.59; N 10.59. C3H»3;Br;NsO;S. Calculated, %: C 50.24; H 3.46; N 10.46.

N-(4-Bromophenyl)-2-{2-[(4-bromophenyl)amino]-2-oxoethyl}-4-({2-[ (2-ethylphenyl)amino]-2-oxo-
ethyl}thio)pyrimidine-5-carboxamide (10p). Yield 0.71 g (26%). White powder; mp >250°C. Found, %:
C 50.85; H 3.73; N 10.14. C,9H,5Br,NsO;S. Calculated, %: C 50.97; H 3.69; N 10.25.

N-(4-Bromophenyl)-2-{2-[(4-bromophenyl)amino|-2-oxoethyl}-4-({2-[(4-ethylphenyl)amino]-2-oxo-
ethyl}thio)pyrimidine-5-carboxamide (10q). Yield 0.63 g (23%). Beige powder; mp >250°C. Found, %:
C 50.89; H 3.78; N 10.28. C,9H,5Br,Ns0O5S. Calculated, %: C 50.97; H 3.69; N 10.25.

N-(4-Bromophenyl)-2-{2-[(4-bromophenyl)amino]-2-oxoethyl}-4-({2-[(2,6-dimethylphenyl)amino]-
2-oxoethyl}thio)pyrimidine-5-carboxamide (10r). Yield 0.41 g (15%). White powder; mp 252-254°C
(AcOH). Found, %: C 51.11; H 3.78; N 10.11. C,9H,5Br,Ns0O;S. Calculated, %: C 50.97; H 3.69; N 10.25.

N-(4-Bromophenyl)-2-{2-[(4-bromophenyl)amino]-2-oxoethyl}-4-({2-[(2,4-dimethylphenyl)amino]-
2-oxoethyl}thio)pyrimidine-5-carboxamide (10s). Yield 0.93 g (34%). Sandy-colored powder; mp >235°C
(decomp., DMF). Found, %: C 50.91; H 3.73; N 10.18. CyH,sBr,NsO;S. Calculated, %: C 50.97; H 3.69;
N 10.25.

N-(4-Bromophenyl)-2-{2-[(4-bromophenyl)amino]-2-oxoethyl}-4-({2-[(3-chloro-2-methylphenyl)-
amino|-2-oxoethyl}thio)pyrimidine-5-carboxamide (10t). Yield 0.99 g (35%). White powder; mp >250°C
(DMF). Found, %: C 47.61; H 3.23; N 10.02. C,sH,,Br,CINsO;S. Calculated, %: C 47.78; H 3.15; N 9.95.

N-(4-Bromophenyl)-2-{2-[(4-bromophenyl)amino]-2-oxoethyl}-4-{|2-(4-methylphenyl)-2-oxoethyl]-
thio}pyrimidine-5-carboxamide (10u). Yield 0.58 g (22%). Sandy-colored powder; mp 240-242°C (decomp.,
AcOH-DMF, 2:1). Found, %: C 51.27; H 3.37; N 8.70. C,3sH»Br,N,4O;S. Calculated, %: C 51.39; H 3.39;
N 8.56.

N-(4-Bromophenyl)-2-{2-|(4-bromophenyl)amino]-2-oxoethyl}-4-{|2-(4-chlorophenyl)-2-oxo-ethyl]-
thio}pyrimidine-5-carboxamide (10v). Yield 1.11 g (41%). Beige powder; mp 239-240°C (decomp., AcOH—
DMF, 2:1). Found, %: C 47.97; H 3.02; N 8.37. C,7H;4Br,CIN,O;S. Calculated, %: C 48.06; H 2.84; N 8.30.

The work was carried out with the support of grant No. F47/032 from the President of Ukraine.
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