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Abstract -  Alkylation of 4,6-dimethyl-2-pyrimidineacetonitrile  and
2,6-dimethyl-4-pyrimidineacetonitrile with chloroacetic acid anilides was shown
to give 5-amino-4-(4,6-dimethyl-2-pyrimidinyl)-2,3-dihydro-1-arylpyrrol-2-ones
and 5-amino-4-(2,6-dimethyl-4-pyrimidinyl)-2,3-dihydro-1-arylpyrrol-2-ones,
respectively. Corresponding isomeric compounds, 5-amino-4-pyrimidinyl-
2,3-dihydropyrrol-3-ones were obtained by Claisen condensation of the
mentioned pyrimidineacetonitriles with N-Boc o-aminoacids imidazolides
followed by removal of the protecting group accompanied with simultaneous ring
closure.

INTRODUCTION

Over the last 5 years among 3-(2- and 4-pyrimidinyl)pyrrole derivatives the substances with promising
pharmacological properties were found.> Thus, CDK inhibitors,* HIV integrase inhibitors,? and selective
GSK-3p inhibitors® all reaching nanomolar activity level were discovered. Of course, it caused increasing
interest in these scaffolds. However, to date there are at about 10 papers only devoted to the preparation
of various pyrimidinylpyrroles.’™ The different approaches were used, namely pyrimidine ring formation
from the suitably substituted pyrroles,** pyrrole ring construction on the basis of properly substituted
pyrimidines,? and finally, cross-coupling reactions between pyrrole and pyrimidine derivatives.>”
Nevertheless, all the methods had some shortcomings. The first one provided quite limited products
diversity thus being disadvantageous for medicinal chemistry, whereas the latter two required hardly
available pyrimidine derivatives so making the whole synthesis very laborious.

Applications of different hetarylacetonitriles for preparation of various heterocycles including pyrroles
were widely studied in our laboratory.®” Continuing these researches we have turned our attention to the
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isomeric pyrimidineacetonitriles 1 and 5 (Scheme 1). They were obtained in good yields from the
corresponding 2- and 4-chloro dimethylpyrimidines using slightly modified protocol developed by Atwal
with co-workers.® The sequence included hetarylation of tert-butyl cyanoacetate followed by removal of
the ester group by acidic hydrolysis with simultaneous decarboxylation. So, utility of the nitriles 1, 5 for
the synthesis of pyrimidinylpyrrole derivatives has been examined and the results obtained are reported

herein.

RESULTS AND DISCUSSION

Alkylation of malononitrile and ethyl cyanoacetate with chloroacetic acid anilides was known to give
5-aminopyrrol-2-one derivatives.? Usually K,COjs or triethylamine were used in this reaction as the bases.
However application of this procedure to the nitriles 1, 5 afforded unsatisfactory results. Nevertheless in
the presence of the stronger base, potassium tert-butoxide desired pyrroles 2a-d and 6a-d were obtained
in 50-60 % vyields. Apparently the reaction occurred through initial alkylation of the methylene group
followed by the intramolecular addition of the secondary amide to the nitrile.

Further we attempted to prepare pyrrol-3-one derivatives 4, 8, the isomers of compounds 2, 6. It should
be noted that Claisen type acylation of malononitrile and alkyl cyanoacetates with aminoacids esters is
well documented.*® Moreover, in case of malononitrile direct carbonyldiimidazole assisted acylation was
reported.’’ We have collated the both approaches and carried out Claisen type acylation with acid

imidazolides. Thus, treatment of the Boc-protected anilinoacetic acids imidazolides generated in situ as

Scheme 1. Ar = a: Ph; b: 4-CICgH4; ¢: 4-MeOCgHs; d: 4-MeCgHa.
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usual with the nitriles 1, 5 in the presence of potassium tert-butoxide furnished crude derivatives 3a-d and
7a-d (80-90% purity) in 75-90% yields. Compounds 3a and 7a were purified by chromatography and
completely characterized as the representative examples. However, the purification procedure appeared
not to be obligatory, since the crude compounds 3, 7 were converted successfully into the target pyrroles
4a-d, 8a-d by means of deprotection with hydrochloric acid and simultaneous cyclization at the expense
of intramolecular addition of the liberated amine to the nitrile. Also it should be mentioned that the
similar Claisen condensation of N-protected proline imidazolides with certain methylene compounds of
non-nitrile nature was reported previously.*?

Moreover, the method was successfully extended to the synthesis of pyrroles 10 and 12 (Scheme 2)
starting from the common aminoacids set. Thus, acylation of the nitriles 1, 5 with N-Boc aminoacids
imidazolides in the presence of potassium tert-butoxide yielded crude compounds 9a-e, 11a-e. Again,
derivatives 9a, 1la were purified by chromatography and characterized as representative samples.
Nevertheless, similarly to the previous case the purification was not needed, and treatment of crude
compounds 9, 11 with hydrochloric acid led to the pyrroles 10a-e, 12a-e in 50-65% overall yields based
on the nitriles 1, 5.

The structures of the prepared pyrimidinylpyrroles 2, 4, 6, 8, 10, 12 were confirmed by *H and **C NMR
data. According to the spectral data all pyrroles 2-12 in DMSO-ds solutions exist entirely in the
amino-oxo form. Neither keto-enol nor amine-imine tautomerisms were observed. Noteworthy, there was
significant difference in the amino group signal shape of 2-oxo and 3-oxo isomers 2, 6 and 4, 8, 10, 12,

respectively.

1
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Scheme 2.
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Thus, in the spectra of pyrrol-2-ones 2, 6 the habitual two-proton singlet of the amino group was present
at 7.0-7.5 ppm. At the same time in the spectra of pyrrol-3-ones 4, 8, 10, 12 the amino group signals
appeared as two separate one-proton singlets at 7.7-8.0 and 9.5-9.8 ppm. This magnetical
non-equivalence of the amino group protons is caused by the strong vinylogous amide-like conjugation
between amino and carbonyl moieties in the compounds 4, 8, 10, 12, which evidently is absent in the
isomeric derivatives 2, 6. The same effect was observed previously by us’ and other researchers™® for
close related cyclic enaminones.

To resume, pyrimidineacetonitriles 1, 5 have been shown to be suitable precursors for various
pyrimidinylpyrrole derivatives, the substances of potential pharmacological interest. The several
approaches elaborated provide high diversity of the available products favorable for medicinal chemistry.
Moreover, Claisen condensation with acid imidazolides has been worked out. It seems to be helpful
alternative for the typical reaction with esters.

EXPERIMENTAL

Chloroacetic acid anilides were prepared according to the described procedure.*® N-Boc aminoacids were
either commercially available or obtained as reported.** Other reagents were commercially available and
were used without extra purification. All melting points were determined in open capillary tubes in a
Thiele apparatus and are uncorrected. *H and *C NMR spectra were recorded on a Varian Unity plus 400
spectrometer (400 MHz for *H and 100 MHz for *C) in DMSO-ds, CDCl; or CF3COOD solutions.
Chemical shifts (8) are given in ppm downfield from internal Me,Si. J values are in Hz. The purity of all
compounds obtained was checked by *H NMR and LC/MS on an Agilent 1100 instrument.
Pyrimidineacetonitriles 1, 5. General Procedure: Step A. Powdered K,COj3 (3.00 g, 22 mmol) was
added to a solution of the corresponding chlorodimethylpyrimidine (1.43 g, 10 mmol) and tert-butyl
cyanoacetate (1.55 g, 11 mmol) in anhydrous DMF (25 mL) and the mixture was stirred at 120 °C for 6 h.
The solvent was evaporated in vacuo, the residue was dissolved in water (30 mL) and acidified with 20%
hydrochloric acid (4 mL). The solid precipitated was filtered and recrystallized from aqueous EtOH to
give a-cyano-4,6-dimethyl-2-pyrimidineacetic acid tert-butyl ester (1.78 g, 72%, mp 198 °C) or
a-cyano-2,6-dimethyl-4-pyrimidineacetic acid tert-butyl ester (1.90 g, 77%, mp 184 °C).

Step B. Conc. hydrochloric acid (9 mL) was added to a solution of compounds prepared on previous step
(2.47 g, 10 mmol) in EtOH (40 mL) and the mixture obtained was refluxed for 40 min. The solvent was
removed in vacuo, and the residue was dissolved in water (30 mL). K,CO3 (1.50 g, 11 mmol) was added
to this solution and then the water was evaporated to dryness in vacuo. The residue was treated with Et,O

(30 mL), the inorganic materials were filtered off and washed with Et,O (3 x 20 mL). Combined ethereal
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filtrate and washings were evaporated in vacuo yielding pure nitriles 1, 5 as oily materials, which
solidified quickly.

4,6-Dimethyl-2-pyrimidineacetonitrile (1): (1.29 g, 88%). Mp 79 °C, lit.,”> mp 71 °C. The spectra were
in complete agreement with the published data.™

2,6-Dimethyl-4-pyrimidineacetonitrile (5): (1.15 g, 78%). Mp 60 °C. *H NMR (DMSO-dg) & = 2.42 (s,
3H, CHs), 2.55 (s, 3H, CH3) 4.17 (s, 2H, CHy), 7.20 (s, 1H, 5-H). *C NMR (DMSO-ds) & = 23.5 (CH3),
25.1 (CHj3), 25.3 (CHy), 116.1 (5-C), 117.2 (CN), 159.6 (4-C), 167.1 (6-C), 167.7 (2-C). Anal. Calcd for
CsHgN3: C, 65.29; H, 6.16; N, 28.55. Found: C, 65.25; H, 6.20; N, 28.50.
5-Amino-2,3-dihydropyrrol-2-ones 2a-d, 6a-d. General Procedure: Potassium tert-butoxide (0.59 g,
5.3 mmol) was added to a stirred solution of nitrile 1, 5 (0.90 g, 6.1 mmol) and appropriate chloroacetic
acid amide (5.0 mmol) in anhydrous THF (10 mL) and the mixture was stirred at reflux for 10 min. The
solvent was evaporated in vacuo, the residue was triturated with water (70 mL), filtered and washed with
water. Recrystallization from dioxane — i-propanol (1:1, v/v) mixture afforded derivatives 2a-d, 6a-d.
5-Amino-4-(4,6-dimethyl-2-pyrimidinyl)-2,3-dihydro-1-phenylpyrrol-2-one (2a): (0.87 g, 62%). Mp
197 °C. 'H NMR (DMSO-dg) & = 2.28 (s, 6H, 2CH3), 3.41 (s, 2H, CHy), 6.56 (s, 1H, 5-Hpyrim), 7.11 (br s,
2H, NHy), 7.34 (d, J = 7.0, 2H, 2,6-Hp,), 7.47 (t, J = 7.0, 1H, 4-Ha,), 7.54 (t, J = 7.0, 2H, 3,5-Ha/). **C
NMR (DMSO-dg) & = 24.3 (2CHs), 35.7 (CHy), 81.0 (4-C), 111.6 (5-Cpyrim), 128.4 (3,5-Car), 128.9
(4-Car), 129.9 (2,6-Car), 133.1 (1-Car), 152.1 (4,6-Cpyrim), 164.0 (2-Cpyrim), 165.4 (5-C), 174.8 (2-C=0).
Anal. Calcd for C16H16N4O: C, 68.55; H, 5.75; N, 19.99. Found: C, 68.69; H, 5.94; N, 19.82.
5-Amino-1-(4-chlorophenyl)-4-(4,6-dimethyl-2-pyrimidinyl)-2,3-dihydropyrrol-2-one (2b): (0.99 g,
63%). Mp 175 °C. 'H NMR (DMSO-dg) & = 2.29 (s, 6H, 2CHs), 3.41 (s, 2H, CHy), 6.56 (s, 1H, 5-Hpyrim),
7.16 (br s, 2H, NH,), 7.38 (d, J = 7.4, 2H, 2Ha/), 7.60 (d, J = 7.4, 2H, 2Hx). **C NMR (DMSO-dg) & =
24.3 (2CHs), 35.7 (CHy), 81.2 (4-C), 111.7 (5-Cpyrim), 129.9 (2,6-Car), 130.3 (3,5-Car), 132.1 (4-Ca)),
133.4 (1-Car), 151.9 (4,6-Cpyrim), 164.0 (2-Cpyrim), 165.0 (5-C), 174.7 (2-C=0). Anal. Calcd for
C16H15CIN,O: C, 61.05; H, 4.80; N, 17.80; CI, 11.26. Found: C, 61.21; H, 4.73; N, 17.62; CI, 11.30.
5-Amino-4-(4,6-dimethyl-2-pyrimidinyl)-2,3-dihydro-1-(4-methoxyphenyl)pyrrol-2-one (2c): (0.81 g,
52%). Mp 176 °C. 'H NMR (DMSO-dg) & = 2.27 (s, 6H, 2CHs), 3.38 (s, 2H, CH,), 3.80 (s, 3H, OCHs),
6.53 (S, 1H, 5-Hpyim), 7.07 (M, 4H, 2Ha,, NHy), 7.24 (d, J = 8.6, 2H, 2Ha,). **C NMR (DMSO-ds) & =
24.3 (2CHs), 35.6 (CHy), 55.9 (OCHg), 80.7 (4-C), 111.2 (5-Cpyrim), 111.4 (3,5-Ca), 125.6 (1-Car), 129.9
(2,6-Car), 152.6 (4,6-Cpyrim), 159.6 (4-Car), 164.1 (2-Cpyrim), 165.1 (5-C), 175.0 (2-C=0). Anal. Calcd for
Ci17H1sN4O;: C, 65.79; H, 5.85; N, 18.05. Found: C, 65.70; H, 5.85; N, 17.86.
5-Amino-4-(4,6-dimethyl-2-pyrimidinyl)-2,3-dihydro-1-(4-methylphenyl)pyrrol-2-one (2d): (0.90 g,
61%). Mp 167 °C. 'H NMR (DMSO-ds) & = 2.27 (s, 6H, 2CHs), 2.36 (s, 3H, CHa), 3.39 (s, 2H, CHy),
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6.54 (s, 1H, 5-Hpyrim), 7.07 (br s, 2H, NH,), 7.19 (d, J = 7.0, 2H, 2Ha,), 7.33 (d, J = 7.0, 2H, 2H,,). ©°C
NMR (DMSO-dg) 8 = 21.2 (CH3), 24.3 (2CHj3), 35.6 (CH,), 80.8 (4-C), 111.5 (5-Cpyrim), 128.2 (3,5-Cay),
130.4 (2,6-Car), 130.5 (4-Car), 138.4 (1-Car), 152.3 (4,6-Cpyrim), 164.0 (2-Cpyrim), 165.3 (5-C), 174.8
(2-C=0). Anal. Calcd for C;7H313N4O: C, 69.37; H, 6.16; N, 19.03. Found: C, 69.31; H, 6.34; N, 19.25.
5-Amino-4-(2,6-dimethyl-4-pyrimidinyl)-2,3-dihydro-1-phenylpyrrol-2-one (6a): (0.80 g, 57%). Mp
212 °C. *H NMR (DMSO-dg) & = 2.24 (s, 3H, CHs), 2.39 (s, 3H, CHs), 3.38 (s, 2H, CH,), 6.39 (s, 1H,
5-Hpyrim), 7.35 (d, J = 7.5, 2H, 2,6-Ha,), 7.49 (m, 3H, 4-Ha,, NHy), 7.56 (t, J = 7.5, 2H, 3,5-Ha,). °C
NMR (DMSO-dg) & = 24.1 (CHs), 26.4 (CH3), 34.4 (CHy), 79.0 (4-C), 108.5 (5-Cpyrim), 128.4 (3,5-Cay),
129.1 (4-Car), 130.0 (2,6-Car), 132.8 (1-Car), 152.8 (4-Cpyrim), 161.8 (6-Cpyrim), 164.1 (2-Cpyrim), 165.2
(5-C), 174.4 (2-C=0). Anal. Calcd for C1H1sN4O: C, 68.55; H, 5.75; N, 19.99. Found: C, 68.42; H, 5.70;
N, 19.89.

5-Amino-1-(4-chlorophenyl)-4-(2,6-dimethyl-4-pyrimidinyl)-2,3-dihydropyrrol-2-one (6b): (0.77 g,
49%). Mp 217 °C. *H NMR (DMSO-dg) & = 2.24 (s, 3H, CHs), 2.40 (s, 3H, CHs), 3.37 (s, 2H, CHy), 6.40
(s, 1H, 5-Hpyrim), 7.37 (d, J = 8.5, 2H, 2Ha,), 7.53 (br s, 2H, NHy), 7.60 (d, J = 8.5, 2H, 2Ha,). *C NMR
(DMSO-dg) & = 24.1 (CH3), 26.4 (CHs3), 34.4 (CHy), 79.2 (4-C), 108.5 (5-Cpyrim), 130.0 (2,6-Car), 130.4
(3,5-Car), 131.7 (4-Car), 133.6 (1-Car), 152.5 (4-Cpyrim), 161.8 (6-Cpyrim), 164.2 (5-C), 165. (2-Cpyrim),
174.3 (2-C=0). Anal. Calcd for C16H315CIN4O: C, 61.05; H, 4.80; N, 17.80; Cl, 11.26. Found: C, 61.14; H,
4.81; N, 17.67; Cl, 11.46.
5-Amino-4-(2,6-dimethyl-4-pyrimidinyl)-2,3-dihydro-1-(4-methoxyphenyl)pyrrol-2-one (6c¢): (0.76 g,
49%). Mp 180 °C. *H NMR (DMSO-ds) & = 2.23 (s, 3H, CHs), 2.38 (s, 3H, CHs), 3.34 (s, 2H, CHy), 3.80
(s, 3H, OCHs3), 6.37 (s, 1H, 5-Hpyim), 7.07 (d, J = 8.0, 2H, 2HaA;), 7.23 (d, J = 8.0, 2H, 2HA), 7.41 (br s,
2H, NH,). *C NMR (DMSO-ds) & = 24.1 (CH3), 26.3 (CHs), 34.3 (CH,), 55.9 (OCHs), 78.8 (4-C), 108.3
(5-Cpyrim), 115.2 (3,5-Car), 125.2 (1-Car), 129.9 (2,6-Car), 153.3 (4-Cpyrim), 159.8 (4-Cay), 161.8 (6-Cpyrim),
163.9 (5-C), 165.1 (2-Cpyrim), 174.7 (2-C=0). Anal. Calcd for Cy7H15N4O,: C, 65.79; H, 5.85; N, 18.05.
Found: C, 65.73; H, 5.64; N, 18.10.
5-Amino-4-(2,6-dimethyl-4-pyrimidinyl)-2,3-dihydro-1-(4-methylphenyl)pyrrol-2-one (6d): (0.82 g,
56%). Mp 188 °C. *H NMR (DMSO-ds) & = 2.24 (s, 3H, CHs), 2.37 (s, 3H, CHs), 2.39 (s, 3H, CHa), 3.35
(s, 2H, CHy), 6.37 (s, 1H, 5-Hpyrim), 7.20 (d, J = 7.0, 2H, 2Ha4,), 7.33 (d, J = 7.0, 2H, 2Ha), 7.43 (br s, 2H,
NH,). *C NMR (DMSO-dg) & = 21.3 (CHs), 24.1 (CHs), 26.4 (CHs), 34.3 (CH,), 78.9 (4-C), 108.4
(5-Cpyrim), 128.3 (3,5-Cay), 130.1 (4-Car), 130.5 (2,6-Car), 138.6 (1-Car), 153.0 (4-Cpyrim), 161.8 (6-Cpyrim),
164.1 (5-C), 165.2 (2-Cpyrim), 174.5 (2-C=0). Anal. Calcd for C17H1sN4O: C, 69.37; H, 6.16; N, 19.03.
Found: C, 69.40; H, 6.14; N, 19.22.

tert-Butyl (3-cyano-3-pyrimidinyl-2-oxopropyl)carbamates 3a-d, 7a-d, 9a-e, 1la-e. General
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Procedure: Carbonyldiimidazole (1.62 g, 10 mmol) was added to a stirred solution of appropriate N-Boc
aminoacid (10 mmol) in anhydrous MeCN (20 mL) and the stirring was continued until CO, evolution
had ceased (at about 40 min). Then the corresponding nitrile 1, 5 (1.47 g, 10 mmol) and potassium
tert-butoxide (2.24 g, 20 mmol) were added sequentially and the mixture was stirred at reflux for 1 h.
Upon cooling the solvent was evaporated in vacuo, the residue was dissolved in water (30 mL) and
acidified with acetic acid (2.00 g, 33 mmol) causing separation of a brownish oil, which slowly solidified
being left overnight. It was filtered and dried yielding crude derivatives 3a-d, 7a-d, 9a-e, 11a-e employed
in further step. The representative compounds 3a, 7a, 9a, and 1la were purified by column
chromatography on silica gel using 4:1 v/v hexane — EtOAc mixture as eluent.
[3-Cyano-3-(4,6-dimethyl-2-pyrimidinyl)-2-oxopropyl]phenylcarbamic acid, tert-butyl ester (3a):
(2.85 g, 75%). Mp 149 °C. *H NMR (CDCls) & = 1.45 (s, 9H, t-Bu), 2.48 (s, 3H, CHs), 2.54 (s, 3H, CHs3),
4.83 (s, 2H, CHy), 6.63 (5, 1H, 5-Cpyrim), 7.16 (M, 1H, 4-Ha), 7.27 - 7.30 (m, 4H, 2,3,5,6-Ha,), 12.16 (s,
1H, NH...0). *C NMR (DMSO0-dg) & = 22.2 (2CHs), 27.8 (3CHs, t-Bu), 55.6 (CH,), 74.4 (Cig.), 79.8
(C-CN), 113.2 (5-Cpyrim), 118.6 (CN), 125.3 (4-Car), 125.9 (2,6-Car), 128.3 (3,5-Cas), 143.0 (1-Ca),
153.6 (4,6-Cpyrim), 159.9 (COO0), 172.7 (2-Cpyrim), 190.3 (C=0). Anal. Calcd for C,1H24N403: C, 66.30; H,
6.36; N, 14.73. Found: C, 66.45; H, 6.20; N, 14.93.
[3-Cyano-3-(2,6-dimethyl-4-pyrimidinyl)-2-oxopropyl]phenylcarbamic acid, tert-butyl ester (7a):
(3.19 g, 84%). Mp 134 °C. *H NMR (CDCls) & = 1.46 (s, 9H, t-Bu), 2.47 (s, 3H, CH3), 2.62 (s, 3H, CHs),
4.76 (s, 2H, CHy), 6.88 (s, 1H, 5-Hpyim), 7.19 (m, 1H, 4-Ha/), 7.32 (m, 4H, 2,3,5,6-Har), 10.17 (s, 1H,
NH...0). °C NMR (DMSO-dg) & = 22.0 (2CH3), 27.8 (3CHs, t-Bu), 56.9 (CHy), 78.2 (C.gu), 79.5 (C-CN),
108.3 (5-Cpyrim), 116.7 (CN), 125.2 (4-Ca), 126.0 (2,6-Ca), 128.2 (3,5-Car), 143.1 (1-Ca/), 154.2
(6-Cpyrim), 158.7 (COO0), 167.6 (4-Cpyrim), 168.3 (2-Cpyrim), 189.5 (C=0). Anal. Calcd for C»1H24N403: C,
66.30; H, 6.36; N, 14.73. Found: C, 66.15; H, 6.56; N, 14.59.
[3-Cyano-3-(4,6-dimethyl-2-pyrimidinyl)-2-oxopropyl]carbamic acid, tert-butyl ester (9a): (2.49 g,
829%). Mp 167 °C. *H NMR (CDCl3) § = 1.47 (s, 9H, t-Bu), 2.49 (s, 3H, CHs), 2.55 (s, 3H, CHs), 4.36 (s,
2H, CHy), 5.21 (s, 1H, NHBoc), 6.64 (s, 1H, 5-Hpyrim), 9.98 (s, 1H, NH...0). *C NMR (DMSO-dg) & =
22.1 (2CHa), 28.2 (3CHgs, t-Bu), 45.9 (CHy), 74.3 (Cigy), 77.9 (C-CN), 113.1 (5-Cpyrim), 118.7 (CN),
155.7 (4,6-Cpyrim), 159.9 (COO0), 178.9 (2-Cpyrim), 191.0 (C=0). Anal. Calcd for C15H20N4O3: C, 59.20; H,
6.62; N, 18.41. Found: C, 59.07; H, 6.60; N, 18.57.
[3-Cyano-3-(2,6-dimethyl-4-pyrimidinyl)-2-oxopropyl]carbamic acid, tert-butyl ester (11a): (2.40 g,
79%). Mp 131 °C. *H NMR (CDCls) & = 1.47 (s, 9H, t-Bu), 2.46 (s, 3H, CHs), 2.61 (s, 3H, CHs), 4.31 (s,
2H, CHy), 5.19 (s, 1H, NHBoc), 6.87 (s, 1H, 5-Hpyrim), 10.79 (s, 1H, NH...0). *C NMR (DMSO-dg) & =
21.8 (2CHs3), 28.2 (3CHs, t-Bu), 47.1 (CHy), 74.2 (Cigu), 77.8 (C-CN), 107.7 (5-Cpyrim), 117.3 (CN),
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156.3 (6-Cpyrim), 158.3 (COO), 166.6 (4-Cpyrim), 169.2 (2-Cpyrim), 189.7 (C=0). Anal. Calcd for
C1sH20N403: C, 59.20; H, 6.62; N, 18.41. Found: C, 59.30; H, 6.51; N, 18.50.
5-Amino-2,3-dihydropyrrol-3-ones 4a-d, 8a-d, 10a-e, 12a-e. General Procedure: Conc. hydrochloric
acid (3 mL) was added to a solution of the crude compounds 3, 7, 9, 11 (2.5 mmol) in EtOH (30 mL) and
the mixture was heated at reflux for 1h. After cooling it was evaporated to dryness in vacuo, the residue
was triturated with the mixture of anhydrous dioxane (10 mL) and ether (20 mL), filtered and washed
with ether affording compounds 4a-d, 8a-d, 10a-e, 12a-e as hydrochlorides. These salts were dissolved in
water (5 mL) and treated with 10% aqueous K,COj3 solution (5 mL). The precipitate formed was filtered,
washed with water and dried to give derivatives 4, 8, 10, 12. The yields of compounds 4, 8, 10, 12 given
below are calculated on the basis of the nitriles 1, 5 through the two-step sequence.
5-Amino-4-(4,6-dimethyl-2-pyrimidinyl)-2,3-dihydro-1-phenylpyrrol-3-one (4a): (0.41 g, 59%). Mp
221 °C. 'H NMR (DMSO-dg) & = 2.35 (s, 6H, 2CH3), 4.10 (s, 2H, CHy), 6.76 (S, 1H, 5-Hpyrim), 7.31 (t, J =
7.0, 1H, 4-Hp,), 7.48 (m, 4H, 2,3,5,6-Ha/), 7.71 (s, 1H, NH), 9.67 (s, 1H, NH). *C NMR (CF;COOD) § =
23.8 (2CHj3), 59.6 (2-CHy), 91.0 (4-C), 116.4 (5-Cpyrim), 125.6 (2,6-Car), 130.5 (4-Car), 131.0 (3,5-Ca),
133.8 (1-Car), 154.9 (2-Cpyrim), 162.2 (4,6-Cpyrim), 164.4 (5-C), 193.1 (3-C=0). Anal. Calcd for
Ci6H16N4O: C, 68.55; H, 5.75; N, 19.99. Found: C, 68.50; H, 5.85; N, 19.93.
5-Amino-1-(4-chlorophenyl)-4-(4,6-dimethyl-2-pyrimidinyl)-2,3-dihydropyrrol-3-one (4b): (0.49 g,
62%). Mp 247 °C. 'H NMR (DMSO-dg) & = 2.32 (s, 6H, 2CH3), 4.06 (s, 2H, CHy), 6.74 (s, 1H, 5-Hpyrim),
7.45 (d, J = 7.5, 2H, 2Ha,), 7.52 (d, J = 7.5, 2H, 2Ha,), 7.80 (s, 1H, NH), 9.65 (s, 1H, NH). *C NMR
(CF3COOD) 6 = 24.7 (2CHj3), 59.7 (2-CH,), 90.9 (4-C), 116.5 (5-Cpyrim), 127.1 (2,6-Ca), 131.2 (3,5-Car),
132.3 (1-Ca), 137.1 (4-Cay), 154.8 (2-Cpyrim), 163.2 (4,6-Cpyrim), 167.0 (5-C), 189.3 (3-C=0). Anal. Calcd
for C16H15CIN4O: C, 61.05; H, 4.80; N, 17.80; Cl, 11.26. Found: C, 61.00; H, 4.51; N, 17.70; Cl, 10.99.
5-Amino-4-(4,6-dimethyl-2-pyrimidinyl)-2,3-dihydro-1-(4-methoxyphenyl)pyrrol-3-one (4c): (0.48 g,
62%). Mp 213 °C. *H NMR (DMSO-ds) & = 2.34 (s, 6H, 2CHs), 3.80 (s, 3H, OCHj3), 4.01 (s, 2H, CH,),
6.74 (s, 1H, 5-Hpyim), 7.05 (d, J = 8.5, 2H, 2H,,), 7.37 (d, J = 8.5, 2H, 2Ha,), 7.48 (s, 1H, NH), 9.50 (s,
1H, NH). **C NMR (CF;COOD) & = 22.8 (2CHs), 55.4 (OCHj3), 59.7 (2-CH,), 90.7 (4-C), 116.2
(5-Cpyrim), 116.4 (3,5-Car), 127.1 (1-Ca), 127.5 (2,6-Cp;), 154.5 (2-Cpyim), 154.7 (4-Cp;), 159.8
(4,6-Cpyrim), 164.5 (5-C), 199.9 (3-C=0). Anal. Calcd for C17H1sN4O;: C, 65.79; H, 5.85; N, 18.05.
Found: C, 65.70; H, 5.75; N, 17.86.
5-Amino-4-(4,6-dimethyl-2-pyrimidinyl)-2,3-dihydro-1-(4-methylphenyl)pyrrol-3-one (4d): (0.36 g,
49%). Mp 244 °C. 'H NMR (DMSO-ds) & = 2.33 (s, 9H, 3CHs), 4.04 (s, 2H, CHy), 6.74 (s, 1H, 5-Hpyrim),
7.29 (d, J = 7.5, 2H, 2Ha,), 7.33 (d, J = 7.5, 2H, 2Ha,), 7.61 (s, 1H, NH), 9.60 (s, 1H, NH). *C NMR
(CF3COO0D) 8 = 19.32 (CHg), 22.7 (2CHj3), 59.4 (CHy), 90.7 (4-C), 116.04 (5-Cpyrim), 125.1 (3,5-Car),



HETEROCYCLES, Vol. 81, No. 3, 2010 619

130.7 (4-Car), 131.2 (2,6-Car), 1415 (1-Car), 154.6 (2-Cpyrim), 155.3 (4,6-Cpyrim), 164.1 (5-C), 191.5
(3-C=0). Anal. Calcd for C;7H13N4O: C, 69.37; H, 6.16; N, 19.03. Found: C, 69.30; H, 6.20; N, 19.10.
5-Amino-4-(2,6-dimethyl-4-pyrimidinyl)-2,3-dihydro-1-phenylpyrrol-3-one (8a): (0.44 g, 63%). Mp
251 °C. 'H NMR (DMSO-ds) & = 2.33 (s, 3H, CHs), 2.47 (s, 3H, CH3), 4.21 (s, 2H, CH,), 7.34 (t, J = 6.8,
1H, 4-Ha), 7.49 (m, 4H, 2,3,5,6-Ha,), 7.93 (s, 1H, NH), 8.04 (s, 1H, 5-Hpyrim), 9.70 (s, 1H, NH). *C
NMR (CF;COOD) & = 18.3 (CHs), 20.7 (CHs), 58.5 (2-CH,), 97.8 (4-C), 115.0 (5-Cpyrim), 125.5 (3,5-Cay),
130.7 (4-Car), 130.9 (2,6-Car), 133.0 (1-Car), 159.7 (6-Cpyrim), 162.0 (2-Cpyrim), 164.0 (5-C), 164.8
(4-Cpyrim), 188.6 (3-C=0). Anal. Calcd for C16H16N4O: C, 68.55; H, 5.75; N, 19.99. Found: C, 68.33; H,
5.64; N, 19.90.

5-Amino-1-(4-chlorophenyl)-4-(2,6-dimethyl-4-pyrimidinyl)-2,3-dihydropyrrol-3-one (8b): (0.45 g,
57%). Mp 244 °C. *H NMR (DMSO-ds) & = 2.34 (s, 3H, CHs), 2.48 (s, 3H, CHs), 4.21 (s, 2H, CHy), 7.49
(d, J = 8.5, 2H, 2Ha,), 7.56 (d, J = 8.5, 2H, 2Hp,), 8.03 (M, 2H, 5-Hpyim, NH), 9.68 (s, 1H, NH). °C
NMR (CF;COOD) 6 = 18.2 (CHg), 20.7 (CHs), 58.6 (2-CHy), 97.3 (4-C), 114.5 (5-Cpyrim), 127.0 (3,5-Cay),
131.1 (2,6-Car), 131.6 (4-Car), 137.3 (1-Car), 159.3 (6-Cpyrim), 161.9 (2-Cpyrim), 164.0 (5-C), 165.1
(4-Cpyrim), 189.4 (3-C=0). Anal. Calcd for C16H15CIN4O: C, 61.05; H, 4.80; N, 17.80; Cl, 11.26. Found:
C, 60.95; H, 4.83; N, 17.80; ClI, 11.47.
5-Amino-4-(2,6-dimethyl-4-pyrimidinyl)-2,3-dihydro-1-(4-methoxyphenyl)pyrrol-3-one (8c): (0.42 g,
54%). Mp 239 °C. *H NMR (DMSO-dg) & = 2.32 (s, 3H, CH3), 2.46 (s, 3H, CHs3), 3.80 (s, 3H, OCH3),
4.12 (s, 2H, CH,), 7.05 (d, J = 9.0, 2H, 2Ha,), 7.39 (d, J = 9.0, 2H, 2Hx,), 7.73 (s, 1H, NH), 8.02 (s, 1H,
5-Hpyrim), 9.51 (5, 1H, NH). *C NMR (CF5COOD) & = 18.3 (CHs), 20.7 (CHs), 55.3 (OCHs), 58.8
(2-CHyp), 97.7 (4-C), 114.9 (5-Cpyrim), 116.4 (3,5-Car), 126.4 (1-Ca), 127.5 (2,6-Car), 159.7 (6-Cpyrim),
160.3 (4-Car), 162.0 (2-Cpyrim), 164.0 (4-Cpyrim), 165.1 (5-C), 188.7 (3-C=0). Anal. Calcd for
Ci17H1sN40O;,: C, 65.79; H, 5.85; N, 18.05. Found: C, 65.72; H, 5.73; N, 18.03.
5-Amino-4-(2,6-dimethyl-4-pyrimidinyl)-2,3-dihydro-1-(4-methylphenyl)pyrrol-3-one (8d): (0.41 g,
56%). Mp 230 °C. *H NMR (DMSO-ds) & = 2.32 (s, 3H, CHs), 2.35 (s, 3H, CHs), 2.47 (s, 3H, CHa), 4.16
(s, 2H, CH,), 7.30 (d, J = 8.0, 2H, 2HA/), 7.35 (d, J = 8.0, 2H, 2HA,), 7.83 (s, 1H, NH), 8.03 (s, 1H,
5-Hpyrim), 9.62 (s, 1H, NH). **C NMR (CFsCOOD) & = 18.1 (CHs), 19.2 (CH3), 20.5 (CH3), 58.3 (2-CHy),
97.7 (4-C), 114.8 (5-Cpyiim), 125.0 (3,5-Car), 129.8 (4-Car), 131.2 (2,6-Car), 141.9 (1-Ca), 159.5
(6-Cpyrim), 161.8 (2-Cpyrim), 163.7 (5-C), 164.5 (4-Cpyrim), 188.2 (3-C=0). Anal. Calcd for C17H1sN4O: C,
69.37; H, 6.16; N, 19.03. Found: C, 69.40; H, 6.20; N, 18.87.
5-Amino-4-(4,6-dimethyl-2-pyrimidinyl)-2,3-dihydro-1H-pyrrol-3-one (10a): (0.30 g, 59%). Mp 283
°C. 'H NMR (DMSO-dg) & = 2.31 (s, 6H, 2CHs3), 3.55 (s, 2H, CH,), 6.68 (s, 1H, 5-Hpyim), 7.28 (s, 1H,
1-H), 7.64 (s, 1H, NH), 8.95 (s, 1H, NH). **C NMR (CFsCOOD) & = 22.9 (2CHs), 51.6 (2-CH,), 89.9
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(4-C), 115.8 (5-Chyrim), 154.5 (4,6-Cpyrim), 160.3 (2-Cpyrim), 166.2 (5-C), 194.3 (3-C=0). Anal. Calcd for
Ci0H12N4O: C, 58.81; H, 5.92; N, 27.43. Found: C, 58.74; H, 5.90; N, 27.60.
5-Amino-4-(4,6-dimethyl-2-pyrimidinyl)-2,3-dihydro-1-methylpyrrol-3-one (10b): (0.30 g, 55%). Mp
288 °C. *H NMR (DMSO-dg) & = 2.32 (s, 6H, 2CH3), 3.02 (s, 3H, NCHs), 3.61 (s, 2H, CH,), 6.66 (s, 1H,
5-Hpyrim), 7.76 (br s, 1H, NH), 9.39 (br s, 1H, NH). BC NMR (CF3COOD) 6 = 20.3 (2CHj3), 30.2 (NCHs3),
58.7 (2-CH,), 91.2 (4-C), 116.4 (5-Cpyrim), 154.8 (4,6-Coyrim), 154.9 (2-Cpyrim), 164.8 (5-C), 192.8
(3-C=0). Anal. Calcd for C;;H14N4O: C, 60.53; H, 6.47; N, 25.67. Found: C, 60.78; H, 6.54; N, 25.59.
5-Amino-4-(4,6-dimethyl-2-pyrimidinyl)-2,3-dihydro-2-methyl-1H-pyrrol-3-one (10c): (0.35 g, 64%).
Mp 286 °C. *H NMR (DMSO-dg) & = 1.17 (d, J = 7.0, 3H, CHs), 2.31 (s, 6H, 2CHs), 3.53 (g, J = 7.0, 1H,
2-H), 6.67 (s, 1H, 5-Hpyrim), 7.46 (s, 1H, 1-H), 7.59 (s, 1H, NH), 8.96 (s, 1H, NH). *C NMR (CF;COOD)
8 = 14.8 (CH3), 21.9 (2CHs), 58.8 (2-C), 88.3 (4-C), 115.5 (5-Cpyrim), 154.6 (4,6-Cpyrim), 160.1 (2-Cpyrim),
164.8 (5-C), 197.6 (3-C=0). Anal. Calcd for C;;H1N4O: C, 60.53; H, 6.47; N, 25.67. Found: C, 60.29; H,
6.40; N, 25.58.

3-Amino-2-(4,6-dimethyl-2-pyrimidinyl)-5,6,7,7a-tetrahydro-1H-pyrrolizin-1-one (10d): (0.32 g,
53%). Mp 284 °C. *H NMR (DMSO-dg) & = 1.38 (m, 1H, 6-H), 2.00 (m, 3H, 6,7,7-H), 2.33 (s, 6H, 2CHs3),
3.29 (m, 2H, 5-CHy), 3.71 (m, 1H, 7a-H), 6.72 (5, 1H, 5-Hpyrim), 8.15 (5, 1H, NH), 9.24 (s, 1H, NH). *C
NMR (CF;COOD) & = 23.7 (2CHa), 25.8 (6-CH,), 27.6 (7-CH,), 44.8 (5-CH,), 70.4 (7a-C), 91.0 (2-C),
115.9 (5-Cpyrim), 154.5 (4,6-Cpyrim), 161.1 (2-Cpyrim), 167.5 (3-C), 196.3 (1-C=0). Anal. Calcd for
Ci3Hi1sN4O: C, 63.92; H, 6.60; N, 22.93. Found: C, 64.16; H, 6.42; N, 22.77.
5-Amino-4-(4,6-dimethyl-2-pyrimidinyl)-2,3-dihydro-2-benzylpyrrol-3-one (10e): (0.35 g, 48%). Mp
228 °C. 'H NMR (DMSO-dg) & = 2.31 (s, 6H, 2CH3), 2.62 (dd, J* = 13.5, J° = 8.5, 1H, a-Hg1), 3.08 (dd,
J?=135, 3* = 3.0, 1H, a-Hg1), 3.82 (dd, J* = 8.5, J* = 3.0, 1H, 2-H), 6.67 (s, 1H, 5-Hpyrim), 7.20 (t, J =
6.5, 1H, 4-Hg1), 7.26 (m, 4H, 2,3,5,6-Hr1), 7.34 (m, 2H, 1-H, NH), 8.91 (s, 1H, NH). *C NMR
(CF3COOD) & = 20.4 (2CHs), 37.2 (0-Cry), 64.6 (2-C), 89.6 (4-C), 115.9 (5-Cpyrim), 127.6 (4-Cry), 128.7
(3,5-Cr1), 128.8 (2,6-Cr1), 134.3 (1-Cra), 154.9 (4,6-Cpyrim), 161.0 (2-Cpyrim), 165.4 (5-C), 196.4 (3-C=0).
Anal. Calcd for C17H1sN4O: C, 69.37; H, 6.16; N, 19.03. Found: C, 69.42; H, 6.07; N, 19.10.
5-Amino-4-(2,6-dimethyl-4-pyrimidinyl)-2,3-dihydro-1H-pyrrol-3-one (12a): (0.29 g, 57%). Mp 145
°C. 'H NMR (DMSO-dg) & = 2.28 (s, 3H, CH3), 2.45 (s, 3H, CH3), 3.66 (S, 2H, CH,), 7.49 (s, 1H, 1-H),
7.80 (s, 1H, NH), 7.92 (s, 1H, 5-Hpyrim), 8.98 (s, 1H, NH). *C NMR (CFsCOOD) & = 18.9 (CH3), 21.3
(CHs), 51.5 (2-CHy), 98.4 (4-C), 116.1 (5-Cpyrim), 161.2 (4-Cpyrim), 162.8 (6-Cpyrim), 164.6 (2-Cpyrin),
167.3 (5-C), 189.5 (3-C=0). Anal. Calcd for C10H12N4O: C, 58.81; H, 5.92; N, 27.43. Found: C, 58.87; H,
5.84; N, 27.45.

5-Amino-4-(2,6-dimethyl-4-pyrimidinyl)-2,3-dihydro-1-methylpyrrol-3-one (12b): (0.34 g, 62%). Mp
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285 °C. 'H NMR (DMSO-dg) & = 2.28 (s, 3H, CH3), 2.45 (s, 3H, CHa), 3.02 (s, 3H, NCHa), 3.72 (s, 2H,
CHy), 7.92 (s, 1H, 5-Cpyrim), 7.99 (s, 1H, NH), 9.41 (s, 1H, NH). *C NMR (CFsCOOD) & = 18.4 (CHa),
20.8 (CHs), 30.2 (NCHs), 57.1 (2-CHy), 98.4 (4-C), 115.5 (5-Chyrim), 160.3 (4-Cpyrim), 162.2 (6-Cpyrin),
163.6 (2-Cpyrim), 164.6 (5-C), 186.6 (3-C=0). Anal. Calcd for C11H14N4O: C, 60.53; H, 6.47; N, 25.67.
Found: C, 60.39; H, 6.34; N, 25.53.
5-Amino-4-(2,6-dimethyl-4-pyrimidinyl)-2,3-dihydro-2-methyl-1H-pyrrol-3-one (12¢): (0.29 g, 54%).
Mp 100 °C. 'H NMR (DMSO-dg) & = 1.19 (d, J = 7.0, 3H, 2-CHs), 2.28 (s, 3H, CH3), 2.45 (s, 3H, CHs),
3.66 (0, J = 7.0, 1H, 2-H), 7.73 (s, 1H, 1-H), 7.78 (s, 1H, NH), 7.91 (s, 1H, 5-Hpyrim), 8.98 (5, 1H, NH).
3C NMR (CFsCOOD) & = 15.9 (2-CHj), 18.5 (CH3), 20.9 (CH3), 58.6 (2-C), 96.5 (4-C), 115.2 (5-Cpyrin),
160.1 (4-Cpyrim), 162.3 (6-Cpyrim), 164.4 (2-Cpyrim), 165.7 (5-C), 195.1 (3-C=0). Anal. Calcd for
C11H14N4O: C, 60.53; H, 6.47; N, 25.67. Found: C, 60.41; H, 6.67; N, 25.60.
3-Amino-2-(2,6-dimethyl-4-pyrimidinyl)-5,6,7,7a-tetrahydro-1H-pyrrolizin-1-one (12d): (0.41 g,
67%). Mp 115 °C. 'H NMR (DMSO-ds) & = 1.37 (m, 1H, 6-H), 2.04 (m, 3H, 6,7,7-H), 2.29 (s, 3H, CH3),
2.47 (s, 3H, CHs3), 3.29 (m, 2H, 5-CH,) 3.84 (m, 1H, 7a-H), 7.91 (s, 1H, 5-Hpyrim), 8.38 (s, 1H, NH), 9.28
(s, 1H, NH). *C NMR (CF;COOD) & = 18.5 (CHs3), 20.9 (CHs), 26.9 (6-CH,), 28.0 (7-CH,), 45.3
(5-CHy), 69.8 (7a-C), 98.8 (4-C), 115.2 (5-Cpyrim), 160.0 (4-Cpyrim), 162.2 (6-Cpyrim), 163.8 (2-Cpyrim),
164.2 (3-C), 186.4 (1-C=0). Anal. Calcd for C13H16N4O: C, 63.92; H, 6.60; N, 22.93. Found: C, 63.90; H,
6.65; N, 22.90.

5-Amino-4-(2,6-dimethyl-4-pyrimidinyl)-2,3-dihydro-2-benzylpyrrol-3-one (12e): (0.48 g, 65%). Mp
102 °C. *H NMR (DMSO-ds) & = 2.29 (s, 3H, CH3), 2.42 (s, 3H, CHs), 2.72 (dd, J? = 135, J* = 7.5, 1H,
a-Hgy), 3.09 (dd, J* = 13.5, J* = 3.5, 1H, a-Hg1), 3.96 (dd, J* = 7.5, J* = 3.5, 1H, 2-H), 7.19 (t, J = 7.0,
1H, 4-Hgy), 7.23 (M, 4H, 2,3,5,6-Hry), 7.47 (s, 1H, 1-H), 7.58 (s, 1H, NH), 7.91 (s, 1H, 5-Hpyim), 8.88 (5,
1H, NH). *C NMR (CF5COOD) & = 18.1 (CHs), 20.5 (CHs), 37.4 (a-Cry), 63.5 (2-C), 96.8 (4-C), 114.3
(5-Cpyrim), 127.8 (4-Cry), 128.6 (3,5-Cry), 128.7 (2,6-Cry), 133.3 (1-Cri1), 159.1 (4-Cpyrim), 161.7
(6-Cpyrim), 163.9 (2-Cpyrim), 165.7 (5-C), 192.4 (3-C=0). Anal. Calcd for C17H1sN4O: C, 69.37; H, 6.16; N,
19.03. Found: C, 69.59; H, 6.18; N, 19.18.

REFERENCES

1. S. Wang, G. Wood, C. Meades, G. Griffiths, C. Midgley, I. McNae, C. Mclnnes, S. Anderson, W.
Jackson, M. Mezna, R. Yuill, M. Walkinshaw, and P. M. Fischer, Bioorg. Med. Chem. Lett., 2004,
14, 4237.

2. T. Kawasuji, M. Fuji, T. Yoshinaga, A. Sato, T. Fujiwara, and R. Kiyama, Bioorg. Med. Chem.,
2007, 15, 5487.



622

10.

HETEROCYCLES, Vol. 81, No. 3, 2010

D. J. O’Neill, L. Shen, C. Prouty, B. C. Conway, L. Westover, J. Z. Xu, H.-C. Zhang, B. E.
Maryanoff, W. V. Murray, K. T. Demarest, and G.-H. Kuo, Bioorg. Med. Chem., 2004, 12, 3167.

A. G. Martinez, A. H. Fernandez, F. M. Jimenez, P. J. M. Martinez, C. A. Martin, and L. R.
Subramanian, Tetrahedron, 1996, 52, 7973; J. T. Gupton, S. A. Petrich, F. A. Hicks, D. R.
Wilkinson, M. Vargas, K. N. Hosein, and J. A. Sikorski, Heterocycles, 1998, 47, 6809.

M. Bella, S. Kobbelgaard, and K. A. Jgrgensen, J. Am. Chem. Soc., 2005, 127, 3670; M. De Rosa, D.
Arnold, and M. Medved, Tetrahedron Lett., 2007, 48, 3991.

E. V. Resnyanskaya, A. V. Tverdokhlebov, A. A. Tolmachev, and Yu. M. Volovenko, Zh. Org.
Khim., 2005, 41, 266; Russ. J. Org. Chem., 2005, 41, 257; A. V. Tverdokhlebov, E. V. Resnyanska,
A. V. Zavada, A. A. Tolmachev, A. N. Kostyuk, and A. N. Chernega, Tetrahedron, 2004, 60, 5777,
E. V. Resnyanskaya, A. V. Tverdokhlebov, Yu. M. Volovenko, O. V. Shishkin, and R. I. Zubatyuk,
Synthesis, 2002, 2717.

A. V. Tverdokhlebov, A. B. Lyashenko, Yu. M. Volovenko, and A. A. Tolmachev, Khim.
Geterotsikl. Soedin., 2004, 1783; Chem. Heterocycl. Compd. (Engl. Transl.), 2004, 40, 1536; Yu. M.
Volovenko, A. V. Tverdokhlebov, A. P. Gorulya, S. V. Shishkina, R. I. Zubatyuk, and O. V.
Shishkin, Eur. J. Org. Chem., 2002, 663; Yu. M. Volovenko, T. A. Volovnenko, A. V.
Tverdokhlebov, and I. G. Ryabokon, Zh. Org. Khim., 2001, 37, 1389; Russ. J. Org. Chem., 2001, 37,
1323; E. V. Resnyanskaya, T. V. Shokol, Yu. M. Volovenko, and A. V. Tverdokhlebov, Khim.
Geterotsikl. Soedin., 1999, 1412; Chem. Heterocycl. Compd. (Engl. Transl.), 1999, 35, 1230; A. V.
Tverdokhlebov, Yu. M. Volovenko, and T. V. Shokol, Khim. Geterotsikl. Soedin., 1998, 50; Chem.
Heterocycl. Compd. (Engl. Transl.), 1998, 34, 44; G. P. Kutrov, N. V. Kovalenko, and Yu. M.
Volovenko, Russ. J. Org. Chem., 2008, 44, 257.

K. S. Atwal, S. V. O’Neil, S. Ahmad, L. Doweyko, M. Kirby, C. R. Dorso, G. Chandrasena, B.-C.
Chen, R. Zhao, and R. Zahler, Bioorg. Med. Chem. Lett., 2006, 16, 4796.

H. Schéfer and K. Gewald, Monatsh. Chem. 1989, 120, 315; M. A. Abbady and Sh. H. Abdel-Hafez,
Phosphorus Sulfur Silicon Relat. Elem., 2000, 160, 121; C. G. Dave and V. A. Parikh, Synth.
Commun., 2001, 31, 1301; M. A. Berghot, M. A. Hanna, and M. M. Girges, Pharmazie, 1992, 47,
340; S. G. Abdel-Hamide, J. Indian Chem. Soc., 1997, 74, 613; M. K. Ibrahim, Egypt. J. Pharm. Sci.,
1999, 39, 5109.

K. C. Prousis, A. Detsi, and O. lgglessi-Markopoulou, Synlett, 2005, 2763; E. Gavrielatos, G.
Athanasellis, and O. lgglessi-Markopoulou, J. Heterocycl. Chem., 2002, 39, 185; M. Petroliagi and
O. lgglessi-Markopoulou, J. Heterocycl. Chem., 2001, 38, 917; A. Gola, E. Samartzi, V. Bardakos,
M. Petroliagi, O. Igglessi-Markopoulou, J. Markopoulos, and J. V. Barkley, J. Heterocycl. Chem.,
2000, 37, 681.



11.
12.

13.
14.

15.

HETEROCYCLES, Vol. 81, No. 3, 2010 623

S. Hamilakis and A. Tsolomitis, Tetrahedron Lett., 2003, 44, 3821.

G. Bal, P. Van der Veken, D. Antonov, A.-M. Lambeir, P. Grellier, S. L. Croff, A. Augustyns, and A.
Halmers, Bioorg. Med. Chem. Lett., 2003, 13, 2875; R. V. Hoffman and J. Tao, J. Org. Chem., 1999,
64, 126.

A. K. Balls and F. Kohler, Ber., 1931, 64, 34.

K. Hioki, M. Kinugasa, M. Kishimoto, M. Fujiwara, S. Tani, and M. Kunishima, Synthesis, 2006,
1931; B. D. Harris, K. L. Bhat, and M. Joullie, Heterocycles, 1986, 24, 1045.

T. Sakamoto, K.-I. Tanji, S. Niitsuma, T. Ono, and H. Yamanaka, Chem. Pharm. Bull., 1980, 28,
3362; G. G. Danagulyan, L. G. Sahakyan, and D. A. Tadevosyan, Khim. Geterotsikl. Soedin., 2004,
560; Chem. Heterocycl. Compd. (Engl. Transl.), 2004, 40, 465.





