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REARRANGEMENT OF O-VINYL-a-(AMINO-
CARBONYL)ACETAMIDOXIMES TO 2-AMINO-
PYRROLES AND 2-PYRROLINONES

A. V. Galenko, S. L. Selivanov, P. S. Lobanov, and A. A. Potekhin

Rearrangement and cyclization of O-vinyl-a-(aminocarbonyl)acetamidoximes gives two isomeric
2-aminopyrroles and/or 2-pyrrolinones and this depends on the rearrangement route.
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Under Trofimov reaction conditions O-vinyloximes with a-hydrogen atoms are converted to pyrroles.
The key stage in the reaction is a [3,3]-sigmatropic rearrangement of the enhydroxylamine tautomer form of the
oxime. The imino ketone product cyclizes to a pyrrole [1]. Similarly, O-vinylamidoximes rearrange via the
tautomeric imino form to amidino aldehydes or ketones which cyclize to form imidazoles [2].

We have studied the thermolysis of the O-vinyl-o-(aminocarbonyl)acetamidoximes la-g. These
compounds can potentially react both as oximes (route 1) and as amidoximes (route 2). The thermolysis was
carried out in refluxing mesitylene and the reaction products were separated chromatographically.

The main reaction scheme proved to be route 1. The rearrangement product cyclizes via either of the
nucleophilic nitrogen atoms to give the 2-aminopyrroles 2 or 2-pyrrolinones 3. With the presence of a secondary
amide (R' = H) in the molecular fragment nucleophilic attack involving the amide nitrogen atom predominates
and this leads principally to the formation of the pyrrolinone 3. Increasing the bulk of the substituent on the
nitrogen atom (compound 1b) causes an increase in the fraction of the aminopyrrole 2. When changing to a
tertiary amide (compounds 1d,e) the aminopyrroles 2d,e become the sole reaction products. They were separated
as the ureas 6d,e after treatment of the reaction mixtures with phenyl isocyanate. We were unable to prepared the
pyrroles 2d,e in the pure state due to their degradation on silica gel. Such a low stability for these compounds
gave us grounds to propose that they can undergo tarring in the forcing reaction conditions which can then lead
to a low yield of their derivatives. Carrying out the pyrolysis in the presence of refluxing acetylacetone as a
"trap" gave the pyrrolopyrimidines 7d,e in greater yields and this indirectly supports our suggestion.

In several examples the formation of the aminopyrrole 4 was noted. In appears to be obtained by route 2
via cyclization of the intermediate involving a nucleophilic carbon atom. We did not identify the formation of
the imidazoles 5.
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The structures 2 and 4 were assigned as the corresponding pyrroles on the basis of the direct C—H
spin-spin coupling constants for the pyrrole fragment in the NMR spectra. In this case of compound 2 J = 90-196
and for compound 4 J = 172-174 Hz which correspond to the spin-spin couplings for the a- and - positions of
the pyrrole ring respectively [3]. NOESY correlations spectra were also obtained for compounds 6d,e and 7d,e.
The arrows shown on the scheme indicate the signals for which cross correlations were important in establishing
the structure.

Thermolysis of O-vinyl-a-(aminocarbonyl)acetamidoximes 1f,g in mesitylene gives the dimethyl esters
of 5-amino-4-(pyrrrolidin-1-ylcarbonyl)pyrrole-2,3-dicarboxylic acids 8f,g. In these examples the structure of
the aminopyrrole obtained does not permit a conclusion about the route of their formation. Alternatively
structured imidazole reaction products were not observed in this case.

.0___CO,Me R'R?NOC CO,Me
0] N
J L — 8
R'RZN NH, CO,Me H,N N CO,Me
1f, g 8f, g

1, 8 fR,R* = (CH,)s; g R',R* = (CH,),0(CH,),

EXPERIMENTAL

'H and *C NMR spectra were recorded on a Bruker DPX 300 (300 and 75 MHz respectively) using
DMSO-dg as solvent and the residual signals for DMSO-d, at 2.50 ppm (for 'H) and 39.52 ppm (for *C NMR
nuclei) were used as internal standards. The spin spin couplings in the proton spectra were measured in first
order approximation. Mass spectra were obtained on a Finnigan MAT Incos 50 instrument with EI ionization
(70 eV energy). S,H,N analysis was carried out on a Hewlett-Packard HP-185B analyzer. The purity of the
products and reaction course were monitored by TLC on ALUGRAM SIL G/UV plates.

O-Vinyl-a-(aminocarbonyl)acetamidoximes 1a-e (General Method). A solution of methyl propiolate
(12 mmol) in acetonitrile (5 ml) was added dropwise over 1 h to a refluxing solution of the corresponding
amidoxime (10 mmol) and triethylamine (10 mmol) in acetonitrile (25 ml).

Compound 1a. Solvent was evaporated in vacuo and the thick, brown oil was flash chromatographed on
silica gel using methylene chloride—methanol (20:1) as eluent. Yield 60%. Brown oil. "H NMR spectrum, 3, ppm
(/, Hz): 8.09 (1H, t, J = 5.0, NH); 7.70 (1H, d, J = 12.0, OCH=CH); 6.46 (2H, s, NH,); 5.45 (1H, d, J=12.0,
OCH=CH); 3.59 (3H, s, CO,CHs;); 3.37-3.32 (2H, m, OCH,CH,NH); 3.24 (3H, s, CH,OCHs); 3.25-3.20 (2H, m,
OCH,CH,NH); 2.95 (2H, s, CH,C(NH,)=NO).
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Compound 1b. The solution was treated with activated carbon and solvent removed in vacuo to give a
thick brown oil which slowly crystallized on standing. Yield 72%. Brown crystals, mp 102-105°C. '"H NMR
spectrum, o, ppm (J, Hz): 7.91 (1H, d, J = 7.3, NH); 7.70 (1H, d, J = 12.3, OCH=CH); 6.46 (2H, s, NH,); 5.44
(1H, d, J = 12.3, OCH=CH); 3.59 (3H, s, CO,CH3;); 3.52-3.49 (1H, m, NHCH(CH,)s); 2.91 (2H, s,
CH,C(NH,)=NO); 1.75-1.52 and 1.32-1.10 (10H, m, cyclohexyl).

Compound 1c. The solution was concentrated in vacuo, cooled, and the precipitated crystals were
filtered and recrystallized from isopropanol. Yield 48%. Colorless crystals, mp 190-192°C (with decomp.).
"H NMR spectrum, o, ppm (J, Hz): 10.24 (1H, s, NH); 7.72 (1H, d, J = 12.0, OCH=CH); 7.61 (2H, d, J = 8.0,
ArH); 7.37 2H, d, J = 8.0, ArH); 6.58 (2H, s, NH,); 5.46 (1H, d, J= 12.0, OCH=CH); 3.59 (3H, s, CO,CHj;);
3.18 (2H, s, CH,C(NH,)=NO).

Compound 1d. Solvent was evaporated in vacuo and the thick brown oil was purified by flash
chromatography on silica gel using methylene chloride-methanol (20:1) as eluent. Yield 71%. Brown oil, slowly
crystallizing to light yellow crystals, mp 93-95°C. '"H NMR spectrum, 8, ppm (J, Hz): 7.70 (1H, d, J = 12,
OCH=CH); 6.48 (2H, s, NH,); 5.44 (1H, d, J = 12.0, OCH=CH); 3.59 (3H, s, CO,CH;); 3.10 (2H, s,
CH,C(NH,)=NO); 3.46-3.41 (2H, m); 3.31-3.26 (2H, m) and 1.92-1.70 (4H, m) (N(CH,)a).

Compound le. Solvent was evaporated in vacuo and the thick brown oil was purified by flash
chromatography on silica gel using methylene chloride-methanol (30:1) as eluent. Yield 69%. Brown oil. 'H
NMR spectrum, 8, ppm (J, Hz): 7.70 (1H, d, J = 12.0, OCH=CH); 6.48 (2H, s, NH,); 5.45 (1H, d, J = 12.0,
OCH=CH); 3.60 (3H, s, CO,CH3;); 3.60-3.50 (4H, m, morpholine); 3.58-3.40 (4H, m, morpholine); 3.21 (2H, s,
CﬂzC(NHz):NO)

O-Vinyl-o-(aminocarbonyl)acetamidoximes 1f,g. A solution of dimethyl acetylenedicarboxylate
(12 mmol) in acetonitrile (5 ml) was added dropwise over 15 min to a solution of the corresponding amidoxime
(10 mmol) in acetonitrile (25 ml).

Compound 1f. The solution was concentrated by a factor of five at reduced pressure and the precipitate
formed on cooling was filtered off, washed with ether, and dried. Yield 49%. Colorless crystals, mp 144-145°C.
"H NMR spectrum, , ppm (J, Hz): 6.60 (2H, br. s, NH,); 5.61 (1H, s, CHCO,CH,); 3.77 (3H, s, CO,CH3); 3.59
(3H, s, CO,CHs3); 3.46-3.40 (2H, m); 3.32-3.26 (2H, m); 3.12 (2H, s, CH,C(NH,)=NO), and 1.92-1.70 (4H, m,
N(CHz)s).

Compound 1g. Solvent was removed in vacuo to give a thick, brown oil which was purified by flash
chromatography on silica gel with methylene chloride-methanol (30:1) as eluent. Yield 60%. Yellow oil. '"H NMR
spectrum, o, ppm (J, Hz): 6.63 (2H, br. s, NH,); 5.61 (1H, s, CHCO,CH;); 3.77 (3H, s, CO,CHj3); 3.59 (3H, s,
CO,CHj3); 3.60-3.52 (4H, m, morpholine); 3.48-3.40 (4H, m, morpholine); 3.22 (2H, s, CH,C(NH,)=NO).

Thermolysis of O-vinyl-o-(aminocarbonyl)acetamidoximes. Compound 1 (2 mmol) was refluxed in
mesitylene (4 ml) for 15 min under a nitrogen atmosphere. The mixture was diluted five times with hexane and
the precipitate was filtered off and separated by column chromatography on silica gel using methylene
chloride-methanol (20:1) as eluent. The yields are given in the Scheme.

Methyl 5-Amino-4-(2-methoxyethylaminocarbonyl)pyrrole-3-carboxylate (2a). Colorless crystals,
mp 148-151°C (ether). '"H NMR spectrum, 8, ppm (J, Hz): 10.81 (1H, s, H-1); 9.43 (1H, t, J = 5.1, NH); 7.05
(1H, d, J=2.9, Joy = 195.0, H-2); 6.19 (2H, s, NH,); 3.71 (3H, s, CO,CH;); 3.43-3.38 (2H, m, OCH,CH,NH);
3.26 (3H, s, CH,OCHs;); 3.27-3.21 (2H, m, OCH,CH,NH). BC NMR spectrum, &, ppm: 166.8 (CO,CHj3); 165.6
(CONH); 148.1 (C-5), 121.2 (C-2); 108.7 (C-3); 92.3 (C-4); 71.2 (CH,OCHj); 58.0 (CH,OCH;); 51.4
(CO,CH3); 38.0 (OCH,CH;,N). Mass spectrum, m/z (I, %); 241 [M]" (25), 167 [M-NH(CH,),OCH;]" (84),
135 [M-NH(CH,),OCH;-CH;OH]" (100), 84 (42), 79 (57). Found, %: C 49.35; H 6.14; N 17.48. C,H;5sN;0,.
Calculated, %: C 49.79; H 6.27; N 17.42.

Methyl 4-(Diaminomethylene)-1-methoxyethyl-5-oxopyrroline-3-carboxylate (3a). Light green
crystals, mp 186-188°C (methylene chloride). 'H NMR spectrum, 8, ppm (J, Hz): 9.35 (1H, br. s, NH,) and 8.88
(1H, br. s, NHp); 7.15 (1H, s, Joy = 192.0, H-2); 6.85 (2H, s, NH,); 3.74 (2H, t, J = 5.1, OCH,CH,NH); 3.69
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(3H, s, CO,CHs); 3.47 (2H, t, J= 5.1, OCH,CH,NH); 3.22 (3H, s, CH,OCHj3). >C NMR spectrum, &, ppm: 166.4
(CO,CH;3); 164.3 (C-5); 159.0 (=C(NH,),); 126.0 (C-2); 104.5 (C-3); 81.2 (C-4); 70.4 (CH,OCH;); 57.9
(CH,0OCHj3); 51.2 (CO,CHs3); 41.40 (OCH,CH,N). Mass spectrum, m/z (L, %): 241 [M]" (100), 226 (9), 210 [M—
CH;0]" (8), 196 [M—CH,OCH;]" (20), 183 [M-CHCH,OCH;]" (30), 166 (23), 140 (16), 134 (23), 82 (7).
Found, %: C 49.10; H 6.20; N 17.00. C,oH;5N;0,. Calculated, %: C 49.79; H 6.27; N 17.42.

Methyl 5-Amino-4-(2-methoxyethylaminocarbonyl)pyrrole-2-carboxylate (4a). Colorless crystals,
mp 163-164°C (methylene chloride). '"H NMR spectrum, 8, ppm (J, Hz): 10.75 (1H, s, H-1); 7.70 (1H, t, J= 5.0,
NH); 7.21 (1H, d, J = 2.9, Jey= 173.0, H-2); 5.91 (2H, s, NHy); 3.69 (3H, s, CO,CH3); 3.39-3.35 (2H, m,
OCH,CH,NH); 3.32-3.28 (2H, m, OCH,CH,NH); 3.24 (3H, s, CH,OCHj3). *C NMR spectrum, &, ppm: 165.3
(CO,CH;3); 160.6 (CONH); 148.0 (C-5); 114.7 (C-2); 112.0 (C-3); 98.3 (C-4); 70.9 (CH,OCH;); 57.9
(CH,OCHj3); 50.7 (CO,CH3); 37.9 (OCH,CH,N). Mass spectrum, m/z (I, %): 241 [M]" (54), 209 [M—CH;0H]"
(8), 183 [M—CHCH,0CH;]" (24); 167 [M-NH(CH,),0CH;]" (86), 151 [M—CHCH,0CH;-CH;OH]" (18); 135
[M-NH(CH,),OCH3;—CH;OH]" (100), 108 (7), 84 (48), 79 (18). Found, %: C 49.52; H 6.25; N 17.13.
CioH5N50,. Calculated, %: C 49.79; H 6.27; N 17.42.

Methyl 5-Amino-4-(cyclohexylaminocarbonyl)pyrrole-3-carboxylate (2b). Light gray crystals, mp
237-239°C (decomp. from methylene chloride). '"H NMR spectrum, 8, ppm (J, Hz): 10.80 (1H, s, H-1); 9.35 (1H, d,
J=72,NH); 7.04 (1H, d, J = 2.0, Jcy = 192.0, H-2); 6.16 (2H, s, NH,); 3.71 (3H, s, CO,CHj3); 3.80-3.60 (1H, m,
NHCH(CH,)s); 1.82—1.50 and 1.35-1.19 (10H, m, cyclohexyl). *C NMR spectrum , 8, ppm: 166.9 (CO,CHa);
164.6 (CONH); 147.8 (C-5); 121.1 (C-2); 108.6 (C-3); 92.6 (C-4); 51.4 (CO,CHj); 46.3 (cyclohexyl C-1'); 32.7
(cyclohexyl C-2',6"); 25.4 (cyclohexyl C-4'); 24.2 (cyclohexyl C-3',5"). Mass spectrum, m/z (L1, %): 265 [M]"
(50), 222 (7), 183 [M+H-c-CsHy;]" (40), 167 [M-NH-c-CsH;;]" (100), 166 [M-NH,-c-CsHy1]" (50), 151 (7), 135 [M—
NH-c-C4H;—CH; OHJ" (24), 108 (10), 88 (32), 79 (13). Found, %: C 58.67; H 7.20; N 15.76. C3H;oN;0:s.
Calculated, %: C 58.85; H 7.22; N 15.84.

Methyl 4-(Diaminomethylene)-1-cyclohexyl-5-oxopyrroline-3-carboxylate (3b). Gray crystals, mp
240-245°C (decomp., from methylene chloride ). "H NMR spectrum, 8, ppm (J, Hz): 9.44 (1H, br. s, NH,) and 8.81
(1H, br. s, NHy); 7.17 (1H, s, Jog = 191.0, H-2); 6.83 (2H, s, NH,); 3.97 (1H, m, NHCH(CH.,)s); 3.69 (3H, s,
CO,CH;); 1.80-1.14 (10H, m, cyclohexyl). ?C NMR spectrum, 8, ppm: 166.3 (CO,CHs); 163.8 (C-5); 159.0
(=C(NH,),); 122.4 (C-2); 104.7 (C-3); 81.5 (C-4); 51.1 (CO,CHs;); 49.9 (cyclohexyl C-1"); 32.3 (cyclohexyl
C-2,6"; 25.4 (cyclohexyl C-3'5"); 24.9 (cyclohexyl C-4"). Mass spectrum, m/z (I, %): 265 [M]" (100), 249 [M—
NH.]" (5), 234 [M-NH,—CH;0]" (6), 183 [M+H—c-C¢H11]" (66), 166 [M—NH,-c-CsH11]" (37), 151 (9), 134 (50),
123 (6), 85 (6), 79 (6). Found, %: C 58.43; H 7.19; N 15.41. C;3H9N;0;. Calculated, %: C 58.85; H 7.22;
N 15.84.

Methyl 5-Amino-4-(cyclohexylaminocarbonyl)pyrrole-2-carboxylate (4b). Gray crystals, mp
163-164°C (from methylene chloride). '"H NMR spectrum, &, ppm (J, Hz): 10.70 (1H, s, H-1); 7.37 (1H, d,
J=28.0, NH); 7.28 (1H, s, Jcy = 172.0, H-2); 5.90 (2H, s, NH,); 3.80-3.60 (1H, m, NHCH(CH,)s); 3.69 (3H, s,
CO,CHs); 1.80-1.10 (10H, m, cyclohexyl). *C NMR spectrum, 5, ppm: 165.6 (CO,CH;); 160.2 (CONH); 147.6
(C-5); 114.8 (C-2); 109.9 (C-3); 98.4 (C-4); 51.0 (CO,CHj3); 46.2 (cyclohexyl C-1'); 32.4 (cyclohexyl C-2',6");
25.4 (cyclohexyl C-4"); 24.3 (cyclohexyl C-3',5"). Mass spectrum, m/z (I, %): 265 [M]" (83), 234 [M—CH;0]"
(15), 233 [M—CH;0H]" (17), 183 [M+H—c-CsH,1]" (44), 167 [M-NH-c-C¢H,,]" (75), 166 [M-NH,-c-C¢H,,]"
(52), 151 (54), 135 [M-NH-c-C¢H,,—CH;OH]" (100), 140 (31), 135 (100), 107 (27), 98 (48). Found, %: C 59.07;
H 7.19; N 15.84. C|3H49N;0;. Calculated, %: C 58.85; H 7.22; N 15.84.

Methyl 5-Amino-4-(4-chloroanilinocarbonyl)pyrrole-3-carboxylate (2¢) was isolated as a mixture
with the pyrrole 4¢ in the ratio ~ 3:2. '"H NMR spectrum, 8, ppm (J, Hz): 11.75 (1H, s, NH); 10.97 (1H, s, H-1);
7.65 (2H, d, J = 8.7, ArH); 7.35 (2H, d, J = 8.7, ArH); 7.16 (1H, d, J = 2.9, Jcu = 190.0, H-2,); 6.42 (2H, s,
NH,); 3.80 (3H, s, CO,CH3).

Methyl 1-(4-Chlorophenyl)-4-(diaminomethylene)-5-oxopyrrol-2-ine-3-carboxylate (3c). Light yellow
crystals, mp 209-210°C (acetonitrile). 'H NMR spectrum, &, ppm (J,Hz): 9.20 (1H, br. s, NH,) and

1128



8.90 (1H, br. s, NH,); 7.72 (2H, d, /= 8.7, ArH); 7.47 (2H, d, J= 8.7, ArH); 7.45 (1H, s, Jcy = 193.0, H-2); 7.04
(2H, s, NH,); 3.75 (3H, s, CO,CHs). *C NMR spectrum, &, ppm: 166.4 (CO,CHs); 163.5 (C-5); 159.2
(=C(NH,),); 136.4 (NHC¢H4CI-C-1"); 129.6 (NHCsH,4CI-C-4"); 128.7 (NHC¢H4CI-C-3",5"); 124.1 (NHC¢H4CI-C-4',6");
122.6 (C-2); 107.6 (C-3); 81.5 (C-4); 51.6 (CO,CH3). Mass spectrum, m/z (I, %): 293 [M]" (100), 276 [M-NH;]"
(15), 244 [M-NH;—CH;OH]" (36), 209 (20), 111 [C;H4CI]" (20). Found,%: C 51.94; H 4.11; N 12.82.
C13H,CIN505. Calculated, %: C 53.16; H4.12; N 14.31.

Methyl 5-Amino-4-(4-chloroanilinocarbonyl)pyrrole-2-carboxylate (4c) was isolated as a mixture
with the pyrrole 2¢ in the ratio ~2: 3. 'H NMR spectrum, d, ppm (J, Hz): 10.88 (1H, s, H-1); 9.46 (1H, s, NH);
7.76 2H, d, J= 8.7, ArH); 7.50 (1H, d, J = 2.2, Joy= 174.0, H-2); 7.32 (2H, d, J= 8.7, ArH); 6.08 (2H, s, NH,);
3.73 (3H, s, CO,CHj).

Methyl 5-Amino-4-pyrrolidin-1-ylcarbonyl)pyrrole-3-carboxylate (2d) could not be isolated in an
analytically pure state due to its decomposition on silica gel. However, treatment with phenyl isocyanate gave
methyl 4-(pyrrolidin-1-ylcarbonyl)-5-(3-phenylureido)pyrrole-3-carboxylate. Phenyl isocyanate (0.05 ml)
was added to a solution of the unpurified pyrrole 2d obtained after thermolysis (400 mg) in chloroform (5 ml)
and the product was heated to reflux. The solvent was evaporated and the residue was purified by column
chromatography on silica gel using methylene chloride—methanol (20:1) as eluent. The urea was separated
(165 mg, 23% calculated on compound 1d). Light gray crystals, mp 203-205°C (from acetonitrile). 'H NMR
spectrum, o, ppm (J, Hz): 11.61 (1H, br. s, H-1); 9.29 (1H, br. s, C¢HsNH); 8.59 (1H, br. s, CcHsNHCONH);
7.43 (2H, d, J = 8.0, H-3',5"); 7.28 (2H, t, J = 7.6, H-2",6"); 7.10 (1H, d, J = 2.9, Jcu = 196.0, H-2); 6.97 (1H, t,
J=17.3, H-4"); 3.68 (3H, s, CO,CH;); 3.51-3.39 (2H, m), 3.27-3.15 (2H, m) and 1.88-1.65 (4H, m) (N(CH,),).
BC NMR spectrum, 8, ppm: 164.2 (CO,CH;); 163.9 (CON(CH,),); 152.5 (CO(NH),); 139.4 (C¢Hs C-1'); 128.9
(C-5); 128.8 (C¢Hs C-3',5"); 122.1 (C¢Hs C-4"); 119.6 (C-2); 118.1 (C¢Hs C-2',6"); 110.6 (C-3); 105.9 (C-4); 50.8
(CO,CH3); 47.2 and 45.3 (CH,NCH,); 24.0 ((CH,),). Mass spectrum, m/z (I, %): 356 [M]" (28); 264 [M—
NHC¢Hs]" (100); 237 (17), 232 [M-NHC¢Hs—CH;0H]" (28); 193 [M-NH,CsHs—N(CH,),]" (100); 167 (47), 163
(60), 161 [M-NH,C¢Hs—CH3;0OH-N(CH,),]" (35); 135 (53), 119 (47), 93 [NH,C4¢Hs]" (100). Found, %: C 60.53;
H 5.64; N 15.49. CgH»)N4O4. Calculated, %: C 60.66; H 5.66; N 15.72.

Methyl 5-Amino-4-(morpholin-1-ylcarbonyl)pyrrole-3-carboxylate (2e) could not be isolated in an
analytically pure state due to its decomposition on silica gel. However, treatment with phenyl isocyanate gave
methyl 4-(morpholin-1-ylcarbonyl)-5-(3-phenylureido)pyrrole-3-carboxylate. Phenyl isocyanate (0.28 ml)
was added to a solution of the unpurified pyrrole 2e obtained after thermolysis (650 mg) in methylene chloride
(20 ml) and the product was heated to reflux. The solvent was evaporated and the residue was purified by
column chromatography on silica gel using methylene chloride-methanol (30:1) as eluent. The urea was
separated (320 mg, 28% calculated on compound 1le). Light brown crystals, mp 247-248°C (acetonitrile).
'HNMR spectrum, 6, ppm (J, Hz): 11.69 (1H, br. s, H-1); 9.17 (1H, br. s, C¢HsNH); 8.48 (1H, br. s,
C¢sHsNHCONH); 7.44 (2H, d, J = 8.0, H-3',5"); 7.28 2H, t, J = 7.6, H-2',6"); 7.15 (1H, d, J = 2.9, Jcy = 196.0,
H-2); 6.98 (1H, t, J = 7.3, H-4"); 3.68 (3H, s, CO,CH3); 3.51-3.39 (2H, m), 3.27-3.15 (2H, m) and 1.88-1.65 (4H,
m, N(CH,),). >C NMR spectrum, §, ppm: 164.4 (CO,CH3); 163.7 (CON(CH,),); 152.7 (CO(NH),); 139.4 (C¢Hs
C-1"); 128.9 (C¢Hs C-3',5"); 128.7 (C-5); 122.2 (C¢Hs C-4"); 120.1 (C-2); 118.1 (C¢Hs C-2',6"); 110.9 (C-3); 105.0
(C-4); 66.1 (CH,0OCH,); 51.0 (CO,CHj3); 45.1 (CH,NCH,). Mass spectrum, m/z (I, %): 372 [M]" (11); 285 [M—
NC,4HO]" (5); 280 [M-NHC¢Hs]" (21); 279 [M-NH,C¢Hs]" (11); 253 (5); 193 [M—NH,C¢Hs—N(CH,),0]" (53);
167 (22); 163 (18); 161 [M-NH,C¢Hs—CH;0H-N(CH,),0]" (10); 135 (16); 119 (12); 93 [NH,CsHs]" (100).
Found, %: C 57.92; H 5.44; N 14. 97. C;3H0N4Os. Calculated, %: C 58.06; H 5.41; N 15.05.

Dimethyl 5-Amino-4-(pyrrolidin-1-ylcarbonyl)pyrrole-2,3-dicarboxylate (8f). Yield 47%. Light gray
crystals, mp 194-196°C (from acetonitrile). '"H NMR spectrum, 8, ppm (J, Hz): 11.02 (1H, br. s, H-1); 5.36 (2H,
br. s, NH,); 3.68 (6H, s, 2CO,CH3); 3.45-3.32 (4H, m) and 1.92-1.80 (4H, m) (N(CH,)4). >C NMR spectrum, 8,
ppm: 165.4 (3-CO,CHs;); 163.9 (CON(CH,)4); 159.6 (2-CO,CHa;); 143.1 (C-5); 121.3 (C-2); 110.9 (C-3); 101.3
(C-4); 51.8 (CO,CH3); 51.2 (CO,CH3); 46.3 (CH,NCH,); 24.9 ((CH,),). Mass spectrum, m/z (I, %): 295 [M]
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(22); 264 [M—CH;0]" (5); 263 [M—CH;0H]" (5), 225 [M-N(CH,),]" (12); 193 [M—CH;0OH-N(CH,),]" (43); 163
(8), 135 (5), 108 (6), 70 [N(CH,)4]" (100). Found, %: C 52.78; H 5.66; N 14.11. C;3H;;N;0s. Calculated, %:
C 52.88; H5.8; N 14.23.

Dimethyl 5-amino-4-(morpholin-1-ylcarbonyl)pyrrole-2,3-dicarboxylate (8g). Yield 61%. Light gray
crystals, mp 163-165°C (from acetonitrile). '"H NMR spectrum, 8, ppm (J, Hz): 11.03 (1H, br. s, H-1); 5.32 (2H,
br. s, NH,); 3.69 (6H, s, 2CO,CHj3); 3.56-3.52 (4H, m) and 3.45-3.35 (4H, m) (morpholine). ?C NMR spectrum,
O, ppm: 165.0 (3-CO,CHj); 164.6 (CON(CHy)4); 159.5 (2-CO,CH3); 142.4 (C-5); 122.0 (C-2); 111.2 (C-3);
99.5 C-4); 66.2 (CH,OCH,); 51.8 (CO,CH3); 51.2 (CO,CHj3); 45.0 (CH,NCH,). Mass spectrum, m/z (I, %): 311
[M]" (30); 280 [M—CH;0]" (8); 279 [M—CH;OH]" (15), 225 [M-N(CH,),0]" (36); 193 [M—CH;OH-N(CH,),0]"
(100); 163 (15); 86 [N(CH,),0]" (62). Found, %: C 52.78; H 5.66; N 14.11. C;3H,7N;0s. Calculated, %: C 52.88;
H5.8; N 14.23.

Methyl 2,4-dimethyl-8-(pyrrolidin-1-ylcarbonyl)pyrrolo[1,2-a]pyrimidine-7-carboxylate (7d). A
solution of compound 1d (0.55 g, 2 mmol) in 2,4-pentanedione (6 ml) was refluxed in a nitrogen atmosphere for
2 h. Solvent was evaporated and the residue was purified using column chromatography on silica gel with
methylene chloride—methanol (20:1) as eluent. The product separated as a brown oil (0.34 g, 52%) which slowly
crystallized to light brown crystals, mp 186-187°C (from toluene). 'H NMR spectrum, 5, ppm (J, Hz): 7.81 (1H,
s, Jon = 196.0, H-6); 6.69 (1H, s, H-3); 3.77 (3H, s, CO,CHs); 2.56 (3H, s, 4-CH;); 2.40 (3H, s, 2-CHj);
3.52-3.46 (2H, m); 3.14-3.10 (2H, m) and 1.92-1.72 (4H, m) (N(CH,);). >C NMR spectrum, &, ppm: 163.8
(CO,CHj); 163.2 (CON(CHa)s); 155.5 (C-2); 142.2 (C-8b); 136.5 (C-4); 117.0 (C-6); 110.5 (C-7); 109.0 (C-3);
108.7 (C-8); 51.5 (CO,CHs;); 47.2 and 45.2 (CHo,NCH,); 25.4 (2-CHj); 24.2 ((CHy)y); 17.2 (4-CHj). Mass
spectrum, m/z (I, %): 301 [M]" (36); 231 [M-N(CH,),]" (100); 201 (17); 173 (29); 146 (17); 70 [N(CH,)4]"
(34). Found, %: C 63.62; H 6.45; N 13.46. C,cH9N;0;. Calculated, %: C 63.77; H 6.36; N 13.40.

Methyl 2,4-dimethyl-8-morpholin-1-ylcarbonyl)pyrrolo[1,2-a]pyrimidine-7-carboxylate (7e) was
prepared similarly to compound 7d. Yield 53%. Light brown crystals, mp 231-233°C (toluene). 'H NMR
spectrum, 8, ppm (J, Hz): 7.86 (1H, s, Jcy = 197.0, H-6); 6.71 (1H, s, H-3); 3.80 (3H, s, CO,CH;); 2.58 (3H, s,
4-CHs); 2.41 (3H, s, 2-CHs); 3.70-3.63 (4H, m), 3.51-3.47 (2H, m) and 3.21-3.17 (2H, m) (N(CH,),0). °C NMR
spectrum, 8, ppm: 163.8 (CO,CH;); 163.6 (CON(CH,)4); 155.9 (C-2); 142.4 (C-8b); 136.7 (C-4); 117.5 (C-6);
110.9 (C-7); 109.1 (C-3); 106.2 (C-8); 66.2 and 66.1 (CH,OCH); 51.5 (CO,CHs;); 47.02 and 41.9 (CH,NCH,);
24.24 (2-CHs); 17.2 (4-CH3). Mass spectrum, m/z (I, %): 317 [M]" (16); 231 [M—N(CH,),0]" (100); 201 (12);
173 (16); 146 (11); 86 [N(CH,),0]" (40). Found, %: C 60.51; H 6.12; N 13.02. C;sH;sN;0,. Calculated, %:
C 60.56; H 6.03; N 13.24.

REFERENCES

1. S. E. Korostova, A. 1. Mikhaleva, and B. A. Trofimov, Usp. Khim., 68, 506 (1999).

2. M. R. Grimmett, Imidazole and Benzimidazole Synthesis, Academic Press, London (1997).

3. E. Pretsch, P. Bilhlmann, and K. Affolter, Determination of the Structure of Organic Compounds

[Russian translation], Mir, Moscow (2006).

1130



	Chemistry of Heterocyclic Compounds, Vol. 43, No. 9, 2007


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


