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The reactions of ethyl N-(3-cyano-1-ethoxycarbonyl-4,5-dihydro-1H-2-pyrrolyl)oxamate (Ila)
with methyl or ethyl cyanoacetate, a-cyanoacetamide and I-cyanoacetylpyrrolidine gave the
corresponding 4-amino-7-ethoxycarbonyl-5,6-dihydro-7H-pyrrolo[2,3-d]pyrimidine-2-acetic acid
derivatives (IIla-1—IIla-4). Similarly, ethyl N-[3-cyano-1-ethoxycarbonyl-5-methyl(or 4-phenyl)-
4,5-dihydro-1H-2-pyrrolyljJoxamate (IIb or IIc) gave the acetic acid derivatives (IIIb-1—IIIb-4 or
IIIc-1—IIIc-4) corresponding to Illa-1—IIla-4. On acidic hydrolysis, IIla—c-1 and Illa—c-2
provided 4-amino-7-ethoxycarbonyl-2-methyl-5,6-dihydro-7H-pyrrolo{2,3-d]pyrimidines (IVa—c),
which were converted to 4-amino-2-methyl-5,6-dihydro-7H-pyrrolo[2,3-d]pyrimidines (Va—c) on
alkaline hydrolysis. '

Keywords——ethyl  N-(3-cyano-l-ethoxycarbonyl-4,5-dihydro-1H-2-pyrrolyl)oxamate;  4-

amino-5,6-dihydro-7H-pyrrolo[2,3-d]pyrimidine; cyanomethylene compound; hydrolysis; cycli-
zation

In the previous papers, we showed that ethyl N-(2-cyanophenyl)oxamate? and ethyl N-
(3-cyano-4,5-dihydro-2-thienyl)oxamates® react with some cyanomethylene compounds in
the presence of a base to form the corresponding 4-amino-2-quinazolineacetic acid and 4-
amino-5,6-dihydrothieno[2,;3-d]pyrimidine-2-acetic acid derivatives. With the aim of widening
the scope of this type of reaction, we studied the reactions of ethyl N-(3-cyano-1-
ethoxycarbonyl-4,5-dihydro-1H-2-pyrrolyl)oxamates with some cyanomethylene compounds.
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Chart 1
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On treatment with ethoxalyl chloride in pyridine, 2-amino-3-cyano-1-ethoxycarbonyl-
4,5-dihydro-1H-pyrrole (Ia) and 2-amino-1-ethoxycarbonyl-5-methyl(or 4-phenyl)-4,5-
dihydro-1H-pyrrole (Ib or Ic)* gave the corresponding ethyl N-(3-cyano-1-ethoxycarbonyl-
4,5-dihydropyrrolyl)oxamates (Ila—c).

When a mixture of Ila—c, methyl cyanoacetate (2eq) and triethylamine (2eq) in
tetrahydrofuran (THF) was heated for 8 h at 65—70 °C, the corresponding methyl 4-amino-7-
ethoxycarbonyl-5,6-dihydro-7H-pyrrolo[2,3-d]pyrimidine-2-acetates (IIla—c-1) were ob-
tained in moderate yields together with Ia—c. The infrared (IR) spectra of IITa—c-1 exhibited
bands due to a primary amino group at near 3400, 3320 and 3130cm ™%, and carbonyl groups
at near 1740 and 1710cm ™!, and no band indicative of a cyano group was observed. The
proton magnetic resonance (H-NMR) spectra showed a three-proton singlet at § 3.60—3.71
attributable to a methyl ester, a two-proton singlet at 6 3.57—3.84 due to an isolated
methylene group, and a broad two-proton singlet at § 4.58—6.59 assignable to an amino
group in addition to the signals due to the protons of the dihydropyrrole moiety. These data
are consistent with the proposed structures. On the other hand, when 2-benzamido-3-cyano-1-
ethoxycarbonyl-4,5-dihydropyrrole® was used in place of Ila—c, no reaction occurred and
the starting material was recovered.

Similarly, ethyl cyanoacetate, a-cyanoacetamide and 1-cyanoacetylpyrrolidine react with
Ila—c to provide the corresponding ethyl 4-amino-7-ethoxycarbonyl-5,6-dihydro-7H-
pyrrolo[2,3-d]pyrimidine-2-acetates (IIla—c-2), 4-amino-7-ethoxycarbonyl-5,6-dihydro-7H-
pyrrolo[2,3-d]pyrimidine-2-acetamides  (Illa—c-3), and 4-amino-2-(1-pyrrolidinyl)car-

TaBLE I. Yields, Melting Points and Elemental Analyses of IIla-1—4, 1IIb-1—4 and IIIc-1—4

Yield Analysis (%)

Compd. %) (Recgls)te(lllicz) ation Appearance Formula Calcd (Found)
No. (Colorless)
() solvent) c H N
IIa-1 41 (17 191—192 Needles C,H,(N,O, 5142 575 19.99
(Acetone) (51.63 595 19.58)
ITa-2 52 (21 163—164 Needles C,;H,;gN,O, 53.05 6.16 19.04
(Acetone) (5325 6.18 18.60)
IIIa-3 16  (36) 257—258 Scales C, H;sN;0, 49.80 570 26.40
(MeOH-CHCl,) (49.67 5.74 26.45)
IIla-4 24 (25) 231—233 Needles C,sH,; N0, 56.41 6.63 2193
(Acetone) (56.53 6.69 21.56)
IIIb-1 53 (19) 154—156 Needles C,;3H;gN,O, 53.05 6.16 19.04
(Acetone) (53.15 6.21 19.05)
IIIb-2 52 (13) 164—165 Needles C,4.H,,N,O, 54.53  6.54 18.17
(Acetone) (5439 6.78 18.10)
IIIb-3 20 (28) 208—210 Needles C,H;;N;O;-1/2H,0 49.99 6.29 24.29
(Acetone) (49.94 579 23.83)
I1Ib-4 27 (44) 207—208 Needles Ci6H,;3 NSO, 57.64 6.95 21.01
(Acetone) (57.20 6.98 20.86)
IMlc-1 40  (40) 153—154 Needles C,sH,,N,O, 60.66 5.66 15.72
(Acetone) (60.47 5.69 15.40)
IIic-2 43 (35 157—158 Needles CioH,,N, 0, 61.61 599 15.13
(Acetone) (61.72  6.03 14.83)
IIIc-3 20  (56) 232234 Prisms C,,H N0, 59.81 5.61 20.52
(MeOH) (59.54 5.43 20.71)
IIIc-4 27 (33) 247248 Needles C,, H,sN;0, 63.78 6.37 17.71
(Acetone) (63.64 6.48 17.41)

a) Yields of la—c.
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bonylmethyl-7-ethoxycarbonyl-5,6-dihydro-7H-pyrrolo[2,3-d]pyrimidines  (IIla—c-4), re-
spectively. The structure assignments of these products were based on the satisfactory ele-.
mental analyses (Table I), the spectral data (Table 1I), and the following chemical reac-
tions (Chart 2).

NH, NH, ( ') NH,
R1
R! N NH, I Y u R' SN
l PN (R'=CHo) R? P (R'=C,Hr) I PN
RSN NZNCH,CONK, 215 RSN N“~CH,COOR’ 2tis R? NN cnzco@
COOC,H; COOCsz COOC H;
111a-¢c-3 [11g-¢-2 (R'=CoHc OF CHz) )
(or IlIa=c-D) 2 3 ITTa-c-4
10% HCI
NH, NH,
/NHz R': [I >N 5% NaOH R1\/ E| \\N
l Hy— \NH *% Na
RSN N/)\C“a il RSN N/)\CHs
H
¢ooc H5 COOC,H;
la-c va-c IVa-c

=R?=H, b: R'=H, R*=CH,, c R!=CiH,, R*=H

Chart 2

The reactions of IIla—c-2 with ammonia resulted in the formation of IIla—c-3. The
treatment of IIla—c-2 with pyrrolidine gave IIla—c-4. On hydrolysis with 109/ hydrochloric

acid, IITa-1,2, IIIb-1,2 and IIlc-1,2 were. converted to the correspondipg 4-amino-7-
ethoxycarbonyl-2-methyl-5,6-dihydro-7 H-pyrrolo[2,3-d]pyrimidines (IVa—c). The structures
of IVa—c were confirmed by the analytical and spectral data. In the IR spectra, no absorption
band at near 1740cm ! indicative of the ester carbonyl group was observed. The 'H-NMR
spectra revealed a three-proton singlet at near § 2.3 assignable to the methyl group at C, in
IVa—c, but. no signal due to an isolated methylene group was observed. Compounds IVa—c
were further hydrolyzed by refluxing them with 5%, sodium hydroxide to yield the correspond-
ing 4-amino-2-methyl-5,6-dihydro-7H-pyrrolo[2,3-d]pyrimidines (Va—c). The structures of
Va—c were confirmed by direct comparison with corresponding authentic specimens
prepared by the reactions of la—c with acetamidine according to the method of Taylor et al.”

Experimental

All melting points are uncorrected. IR spectra were recorded on an IRA-2 spectrophotometer. ' H-NMR spectra
were taken on a Hitachi R-22 spectrometer (90 MHz) with tetramethylsilane as an internal standard. Mass spectra
(MS) were measured with a JEOL model JMS-D 300 mass spectrometer.

Preparation of Ethyl N-(3-Cyano-1-ethoxycarbonyl-4,5-dihydro-1 H-2pyrrolyl)oxamates (Ila—c)——Ethoxalyl
chloride (12 mmol) was added dropwise to a stirred solution of Ia, Ib or Ic (10 mmol) in pyridine (10 ml) under ice-
cooling. The reaction mixture was stirred for 1 h at 50—55 °C, and then poured into ice water. The precipitate was
collected, washed with water, and dried. )

i) Ethyl N-(3-cyano-1-ethoxycarbonyl-4,5-dihydro-1H-2-pyrrolyl)oxamate (Ila) was recrystallized from
acetone—petr.benzin to give colorless needles (2.3 g, 82%), mp 145 °C. A4nal. Calcd for C,,H,sN,0;: C, 51.24; H, 5.38;
N, 14.94. Found: C, 51.10; H, 5.57; N, 14.63. IR v cm ~1: 3240, 3160 (*NH), 2200 (CN), 1720, 1690 (CO). '"H-NMR
(in CDCL,) 6: 1.32 (3H, t, J=7 Hz, -COOCH,-CHj,), 1.40 (3H, t, J=7Hz, -COOCH,-CH,), 2.91 (2H, dd, /=10,
8 Hz, C,-H), 3.93 (2H, dd, /=10, 8 Hz, Cs-H), 4.29 (2H, q, /=7 Hz, ~-OCH,—CH,), 4.55 (2H, q, /J=7Hz, -OCH,-
CH,), 11.68 (1H, brs, “NH).

ii) Ethyl N-(3-cyano-l-ethoxycarbonyl-5-methyl-4,5-dihydro-1H-2-pyrrolyl)oxamate (IIb) was recrystallized
from ether to provide colorless prisms (2.0 g, 68%;), mp 83—85°C. Anal. Calcd for C,3H,;,N,05: C, 52.87; H, 5.80; N,
14.23. Found: C, 52.98; H, 6.03; N, 14.29. IR vKEr cm™1: 3240, 3160 (*NH), 2200 (CN), 1720, 1690 (CO). 'H-NMR
(in CDCly) 6: 1.32 (3H, d, J=6 Hz, C5-CH;), 1.33 (3H, t, J=7 Hz, -OCH,—CH,), 1.40 (3H, t, /=7 Hz, ~-OCH,CH,),
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2.40 (1H, dd, /=15, 3Hz, C,-H), 3.15 (1H, dd, /=15, 10 Hz, C,-H), 4.11—4.51 (1H, m, Cs-H), 4.31 (2H, q, J=7Hz,
-OCH,—CH,), 4.40 (2H, q, J=7Hz, -OCH,-CH,), 11.58 (1H, brs, “NH).

iiiy Ethyl N-(3-cyano-l-ethoxycarbonyl-4-phenyl-4,5-dihydro-1H-2-pyrrolyl)oxamate (IIc) was recrystallized
from acetone—petr.benzin to give colorless prisms (2.96 g, 83%). mp 119—120°C. Anal. Caled for C,gH,,N;Os: C,
60.49; H, 5.36; N, 11.76. Found: C, 60.38; H, 5.35; N, 11.61. IR vKB cm~*: 3280, 3220 (NH), 2200 (CN), 1725, 1695
(CO). 'H-NMR (in CDCl,) 6: 1.29 (3H, t, J=7Hz, -OCH,-CH,), 1.40 (3H, t, J=7Hz, -OCH,-CH,;), 3.72—4.55
(3H, m, C, 5-H), 4.28 (2H, q, J=7Hz, -OCH,-CH,), 441 (2H, q, J=7Hz, -OCH,-CH,), 7.17—7.44 (5H, m,
aromatic H), 11.64 (1H, brs, >NH).

Reactions of Ila—¢ with Methyl or Ethyl Cyanoacetate——A mixture of IIa, IIb or IIc (5 mmol), methyl or ethyl
cyanoacetate (15 mmol) and triethylamine (10 mmol) in THF (1 ml) was stirred for 8 h at 65—70 °C. After removal of
the THF in vacuo, the residue was chromatographed on silica gel. The first fraction eluted with CHCl; gave the
unchanged methyl or ethyl cyanoacetate and the second fraction gave la—c. The third fraction eluted with CHCl,~
acetone (4:1) gave Illa—c-1 or ITla—c-2.

Reactions of Ila—c with a-Cyanoacetamide and 1-Cyanoacetylpyrrolidine——A mixture of Ila, IIb or Ilc
(5 mmol), a-cyanoacetamide or 1-cyanoacetylpyrrolidine (15 mmol) and triethylamine (10 mmol) in THF (2ml in the
case of a-cyanoacetamide or 1ml in the case of l-cyanoacetylpyrrolidine) was heated for 8h at 65—70°C with
stirring. The solvent was removed in vacuo, and then the residue was poured into ice water and salted out with NaCl.
The precipitate was collected, washed with water to remove the unchanged cyanomethylene compounds, dried, and
chromatographed on Al,O;. The first fraction eluted with CHCl; gave Ia—c and the second fraction eluted with
CHCI1;-MeOH (5:1) gave IIla—c-3 or ITla—c-4.

Ammonolysis of I1la—c-2 A solution of IITa-2, IIIb-2 or IIlc-2 (2 mmol) in MeOH (15ml) was saturated
with NH; under ice-cooling. The reaction mixture was kept at room temperature overnight, and heated for 1h at
40 °C (in the case of I1Ia-2 and IIlc-2) or at 70 °C (in the case of IIIb-2). After removal of the MeOH in vacuo, the
residue was recrystallized from acetone to give IIa-3 (87%;), IIIb-3 (72%,) or IIlc-3 (69%).

Conversion of IIIa—c-2 to IIla—c-4——A mixture of IIIa-2, IIIb-2 or IIlc-2 (2 mmol) and pyrrolidine (2 ml) was
refluxed for 3h. After removal of the pyrrolidine in vacuo, the residue was recrystallized from acetone to yield 111a-4
(77%), 11Ib-4 (81%) or 1lIc-4 (68%).

Hydrolysis of IIla—c-1——A solution of ITla-1, IIIb-1 or ITIc-1 (1 mmol) in 10%, HCI (5 ml) was refluxed for 1 h.
The reaction mixture was cooled, and basified with aqueous NaHCQO,. The precipitate was collected, dried and
recrystallized from acetone to give IVa (83%), IVb (81%) or IVc (88%).

Hydrolysis of IIIla—c-2 A solution of IIa-2, I1Ib-2 or IIlc-2 (1 mmol) in 10%, HCI (5 ml) was refluxed for 1 h.
Work-up of the reaction mixture as described above gave IVa (96%), IVb (80%) or IVc (89%).

i) 4-Amino-7-ethoxycarbonyl-2-methyl-5,6-dihydro-7H-pyrrolo[2,3-d]pyrimidine (IVa): Colorless prisms, mp
202—204 °C. Anal. Caled for C,(H,,N,O,: C, 54.04; H, 6.35; N, 25.21. Found: C, 53.80; H, 6.52; N, 25.30. MS m/z:
222 (M™). IR vi& cm™1: 3480, 3420, 3320 (NH,), 1720 (CO). *H-NMR (in DMSO-d,) d: 1.23 (3H, t, J="7Hz,
—-OCH,-CHs,), 2.27 (3H, s, C,-CH,), 2.71 (2H, t, J=9 Hz, C,;-H), 3.90 (2H, t, J=9 Hz, C,-H), 4.15 (2H, q, J=7Hz,
-OCH,—CH,), 6.42 (2H, brs, NH,).

ii) 4-Amino-7-ethoxycarbony!-2,6-dimethyl-5,6-dihydro-7 H-pyrrolo[2,3-djpyrimidine (IVb): Colorless needles,
mp 179—181 °C A4nal. Calcd for C,;H,(N,0O,: C, 55.91; H, 6.83; N, 23.72. Found: C, 55.79; H, 6.82; N, 23.60. MS
m/z: 236 (M*). IR vKBr cm~1: 3380, 3320 (NH,), 1720 (CO). 'H-NMR (in DMSO-dy) é: 1.21 (3H, d, J=7Hz, C,-
CH,), 1.24 (3H, t, J=7Hz,-OCH,-CH,), 2.27 (3H, 5, C,-CH;) 2.29 (1H, dd, /=15, 3 Hz, C5-H), 2.95 (1H, dd, /=15,
10Hz, Cs-H), 4.18 (2H, q, J=7Hz, —-OCH,—CH,), 4.29—4.54 (1H, m, C¢-H), 6.44 (2H, brs, NH,).

1ii) 4-Amino-7-ethoXycarbonyl—2-methy]-5-phenyl-5,6-dihydr0-7H—pyrrolo[2,3-d]pyrimidine (IVc): Colorless pri-
sms, mp 227 °C. Anal. Calcd for C,¢H,sN,O,: C, 64.41; H, 6.08; N, 18.78. Found: C, 64.22; H, 6.20; N, 18.94. IR vKBr
cm ™' 3360, 3320 (NH,), 1725 (CO). '"H-NMR (in DMSO-d;) é: 1.21 (3H, t, J=7 Hz, -OCH,~CH;), 2.31 (3H, 5, C,-
CH,), 3.12—3.52 (1H, m, C¢-H), 3.90—4.45 (2H, m, Cs-H and C,4-H), 4.15 (2H, q, /=7Hz, -OCH,—CH,), 6.15 (2H,
brs, NH,), 7.11—7.33 (5H, m, aromatic H).

Hydrolysis of IVa—c A suspension of IVa, IVb or IVc (1 mmol) in 5% NaOH (2ml) was heated at 120—
130 °C for 1 h (in the case of IVa and IVb) or 2 h (in the case of IVc) with stirring. The reaction mixture was cooled
and the deposited crystals were collected, washed with water, dried, and recrystallized from CH,Cl, to furnish Va
(75%), Vb (82%) or Vc (95%).

Preparation of 4-Amino-2-methyl-5,6-dihydro-7H-pyrrolo[2,3-d]pyrimidines (Va, Vb and Vc)——Sodium metal
(230 mg) was dissolved in abs.MeOH (10 ml) and the MeOH was removed in vacuo. The resulting MeONa was
suspended in ethyl cellosolve (10 ml), and acetamidine hydrochloride (10 mmol) and Ia, Ib or Ic (5 mmol) were added.
The mixture was refluxed for 3 h (in the case of Ia), 5 h (in the case of Ib) or 9 h (in the case of Ic). After removal of the
solvent in vacuo, the residue was poured into ice water, and extracted with CHCl,. The CHCI, layer was dried over
Na,SO,, and concentrated in vacuo. The residue was recrystallized from CH,Cl, to afford Va (46%), Vb (70%) or Vc
(44%).

i) 4-Amino-2-methyl-5,6-dihydro-7 H-pyrrolo[2,3-d]pyrimidine (Va): Colorless needles, mp 258 °C. Aral. Calcd
for C,H,oN,: C, 55.98; H, 6.71; N, 37.31. Found: C, 56.12; H, 6.71; N, 37.00. MS m/z: 150 (M *). IR v&5f cm™: 3480,
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3260 (NH,). '"H-NMR (in DMSO-d;) 6: 2.12 (3H, s, C,-CHj), 2.70 (2H, t, J=9 Hz, Cs-H), 3.42 2H, t, J=9 Hz, C,-
H), 5.84 (2H, brs, NH,), 6.24 (1H, brs, > NH).

ii) 4-Amino-2,6-dimethyl-5,6-dihydro-7H-pyrrolo[2,3-d]pyrimidine (Vb): Colorless needles, mp 225—227°C.
Anal. Caled for CgH,N,: C, 58.51; H, 7.37; N, 34.12. Found: C, 58.30; H, 7.39; N, 34.01. MS m/z: 164 (M *). IR vKBr
cm™': 3460, 3280 (NH,). '"H-NMR (in DMSO-d;) §: 1.13 (3H, d, /=6 Hz, C,-CH,), 2.11 (3H, s, C,-CH,), 2.20 (1H,
dd, J=15, 6 Hz, C,;-H), 2.88 (1H, dd, J=15, 9Hz, C,-H), 3.70—4.00 (1H, m, C4-H), 5.80 (2H, brs, NH,), 6.40
(1H, brs, CNH).

iii) 4-Amino-2-methyl-5-phenyl-5,6-dihydro-7H-pyrrolo[2,3-d]pyrimidine (Vc): Colorless prisms, mp 242°C.
Anal. Caled for C3H ,N,: C, 69.00; H, 6.24; N, 24.76. Found: C, 68.82; H, 6.14; N, 24.75. MS m/z: 226 (M*). IR
vEBrem™!: 3460, 3280 (NH,). 'H-NMR (in DMSO-d) é: 2.16 (3H, s, C,-CH,), 3.26 (1H, dd, J=10, 4Hz, C¢-H),
3.87 (1H, dd, /=10, 9 Hz, Cs-H), 4.32 (1H, dd, /=9, 4Hz, C,-H), 5.49 (2H, brs, NH,), 6.45 (1H, brs, >NH), 7.20
(5H, s, aromatic H). ’
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