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The regioselective heteroannelation in 2-(4-oxo-3,4-dihydro-2-quinazolinyl)acetonitriles to form 2,5-dioxo-1,2,4,5-tetrahydropyrrolo-
[1,2-a]quinazoline-3-carbonitriles is reported. 

Previously,1–3 it was found that the intramolecular alkylation
of the nitrogen atom in 4-chloro-2-hetaryl-3-oxobutanenitriles 1
leads to pyrrolo annelated heterocycles 2 (Scheme 1). However,
in all cases, there was no alternative direction for alkylation in
1 because the X atom could not be alkylated in principle or
because the heterocyclic moiety was symmetrical like that in
benzimidazole (X = NH, RR1 = benzo).

4-Chloro-3-oxo-2-(4-oxo-1,2,4,5-tetrahydro-2-quinazolinylidene)-
butanenitrile 3 was prepared in our laboratory by the acylation
of 2-(4-oxo-3,4-dihydro-2-quinazolinyl)acetonitrile with chloro-
acetyl chloride.4 On the contrary to butanenitriles 1, the intra-
molecular alkylation of 3 can occur in two ways (Scheme 2):
with the participation of either N1 of the quinazoline moiety,
yielding 2,5-dioxo-1,2,4,5-tetrahydropyrrolo[1,2-a]quinazoline-
3-carbonitrile 4a, or N3, leading to isomeric 2,5-dioxo-2,3,5,10-
tetrahydropyrrolo[2,1-b]quinazoline-1-carbonitrile 4b. The
alkylation of a quinazolin-4-one moiety is known to lead in
most cases to the products of N3 alkylation.5–8 However,
sometimes N1 alkylation was observed9–11 or even the mixtures
of N1 and N3 alkylated compounds were obtained.12–14 Thus,
the reaction pathway in this case cannot be predicted based on
published data.

The treatment of compound 3 with Et3N in dioxane† resulted
in the formation of a compound containing no chlorine, to which
the structure of 4a or 4b might be assigned. Its 1H NMR
spectrum shows a two-proton singlet of a methylene group at

d 4.49 ppm and four one-proton signals of aromatic protons.
Therefore, the choice between the structures of 4a and 4b cannot
be made based only on these data.

To elucidate the structure of the compound obtained, a
NOESY experiment should be carried out. However, to make
the choice more clear, we would like to have a compound,
giving alternative NOEs for each structure. For this purpose,
compound 4 was alkylated with EtI under standard conditions‡

(K2CO3, DMSO) to yield an N-ethyl derivative,§ to which the
structure of 5a or 5b could be assigned.

The NOESY experiment performed with the ethyl derivative
revealed positive NOE between the protons of the methylene
group in the pyrroline ring at d 4.59 ppm and the aromatic
proton at d 7.37 ppm, whereas the methylene of ethyl group
showed  no correlation, except with methyl itself. These data
confirm undoubtedly the structure of 5a for the ethylated com-
pound and exclude the structure of 5b. Hence, the structure of
compound 4 should be assigned as 4a. Therefore, intramolecular
alkylation in butanenitrile 3 regioselectively occurs at N1 of the
quinazoline moiety.

To change the site of intramolecular alkylation, it seemed
reasonable to create steric hindrances near N1. This was achieved
by preparation of 4-chloro-3-oxo-2-(6,8-dimethyl-4-oxo-1,2,4,5-
tetrahydro-2-quinazolinylidene)butanenitrile 6¶ from 2-(6,8-di-
methyl-4-oxo-3,4-dihydro-2-quinazolinyl)acetonitrile.15 Never-
theless, the heating of butanenitrile 6 in dioxane in the presence
of Et3N yielded only one product, 7,9-dimethyl-2,5-dioxo-1,2,4,5-
tetrahydropyrrolo[1,2-a]quinazoline-3-carbonitrile 7.†† In the
1H NMR spectrum of compound 7, a two-proton singlet of the
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† 2,5-Dioxo-1,2,4,5-tetrahydropyrrolo[1,2-a]quinazoline-3-carbonitrile
4a. To a hot suspension of 0.78 g (0.003 mol) of 4-chloro-3-oxo-2-
(4-oxo-1,2,4,5-tetrahydro-2-quinazolinylidene)butanenitrile4 3 in 5 ml of
absolute dioxane 0.5 ml (0.0036 mol) of Et3N was added. The resulted
solution was refluxed for 1 h. After cooling the formed precipitate was
filtered off and washed with water and MeOH to yield 0.54 g (81%) of
4a; mp > 300 °C (dioxane). 1H NMR (300 MHz, [2H6]DMSO) d: 4.49
(s, 2H, 1-H), 7.37 (d, 1H, 9-H, J 8.0 Hz), 7.45 (t, 1H, 7-H, J 8.0 Hz),
7.83 (t, 1H, 8-H, J 8.0 Hz), 8.02 (d, 1H, 6-H, J 8.0 Hz), 13.3 (br. s, 1H,
NH). 13C NMR (100 MHz) d: 53.58 (1-C), 71.25 (3-C), 113.13 (CN),
114.99 (9-C), 115.81 (5a-C), 124.24 (7-C), 127.58 (6-C), 135.94 (8-C),
138.26 (9a-C), 159.19 (3a-C), 160.97 (5-C), 188.47 (2-C). IR (KBr,
n/cm–1): 3100 (NH), 2203 (CN), 1660 (CO). Found (%): C, 64.15; H,
3.01; N, 18.88. Calc. for C12H7N3O2 (%): C, 64.00; H, 3.13; N, 18.66.
‡ 4-Ethyl-2,5-dioxo-1,2,4,5-tetrahydropyrrolo[1,2-a]quinazoline-3-carbo-
nitrile 5a. Ethyl iodide (0.5 ml, 0.6 mol) was added to a mixture of
0.67 g (0.003 mol) of compound 4a and 0.7 g (0.005 mol) of K2CO3 in
6 ml of DMSO. The resulted mixture was allowed to stand at 50–60 °C
for 12 h and then poured into water. The precipitate formed was filtered
off to give 0.45 g (62%) of 5a, mp 257 °C (dioxane). 1H NMR (300 MHz,
[2H6]DMSO) d: 1.32 (t, 3H, MeCH2, J 7.0 Hz), 4.26 (q, 2H, MeCH2,
J 7.0 Hz), 4.59 (s, 2H, 1-H), 7.37 (dd, 1H, 9-H, J1 8.5 Hz, J2 2.0 Hz),
7.45 (td, 1H, 7-H, J1 8.5 Hz, J2 2.0 Hz), 7.87 (td, 1H, 8-H, J1 8.5 Hz,
J2 2.0 Hz), 8.11 (dd, 1H, 6-H, J1 8.5 Hz, J2 2.0 Hz). 13C NMR (100 MHz)
d: 13.88 (Me), 39.79 (CH2Me), 53.95 (1-C), 72.65 (3-C), 114.13 (CN),
114.75 (5a-C), 115.48 (9-C), 124.89 (7-C), 128.34 (6-C), 136.57 (8-C),
137.81 (9a-C), 158.28 (3a-C), 160.48 (5-C), 189.21 (2-C). IR (KBr, n/cm–1):
2986 (CH), 2216 (CN), 1709 (CO). Found (%): C, 66.52; H, 4.21; N,
16.76. Calc. for C14H11N3O2 (%): C, 66.40; H, 4.38; N, 16.59.
§ N- rather than O-alkylation was confirmed by a comparison of the
13C NMR spectra of compounds 4a and 5a, which revealed the presence
of two carbonyl groups in both cases.
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methylene group at 4.92 ppm and two three-proton singlets of
methyl groups at 2.32 and 2.63 ppm were observed. The site
of intramolecular alkylation in 6 was confirmed by the NOESY
experiment. It indicated positive NOE between the protons of
methylene and methyl groups at 4.92 and 2.63 ppm, respectively,
thus proving the structure of 7 for the compound. Hence, steric
hindrances around the N1 atom of a quinazoline moiety does not
crucially influence the reaction pathway.

To summarise, regioselective intramolecular alkylation in
quinazoline-4-one at N1 atom has been reported. The influence
of the steric arrangement of N1 on the reaction pathway has
been examined. Moreover, the reaction can serve as a convenient
method for the synthesis of 2,5-dioxo-1,2,4,5-tetrahydropyr-
rolo[1,2-a]quinazoline-3-carbonitriles. Note that this is a rare
example among all known methods for the synthesis of a
pyrrolo[1,2-a]quinazoline ring system,16–22 when the last step
is the formation of the C(1)–N(10) bond.

We are grateful to Professor H. Neunhoeffer, K. Runzheimer
and E. Blyumin (Darmstadt Technical University, Germany) for
carrying out the NOESY experiments.
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¶ 4-Chloro-3-oxo-2-(6,8-dimethyl-4-oxo-1,2,4,5-tetrahydro-2-quinazo-
linylidene)butanenitrile 6. Chloroacetyl chloride (0.8 ml, 0.01 mol) was
added with caution to a solution of 2-(6,8-dimethyl-4-oxo-3,4-dihydro-
2-quinazolinyl)acetonitrile15 (2 g, 0.01 mol) and pyridine (0.9 ml, 0.012 mol)
in 10 ml of dioxane. The mixture was heated on a water bath for 3 h.
After cooling, the precipitate was filtered off and washed with water
to yield 2.2 g of 6 (78%), mp 292 °C (dioxane). 1H NMR (300 MHz,
[2H6]DMSO): 2.38 (s, 3H, Me), 2.41 (s, 3H, Me), 4.56 (s, 2H, CH2),
7.57 (s, 1H, 7'-H), 7.68 (s, 1H, 5'-H), 12.5 (br. s, 2H, NH). IR (KBr,
n/cm–1): 3150 (NH), 2189 (CN), 1709 (CO). Found (%): C, 58.16; H,
4.23; N, 14.76; Cl, 12.11. Calc. for C14H12ClN3O2 (%): C, 58.04; H,
4.17; N, 14.50; Cl, 12.24.
†† 7,9-Dimethyl-2,5-dioxo-1,2,4,5-tetrahydropyrrolo[1,2-a]quinazoline-
3-carbonitrile 7 was obtained starting from butanenitrile 6 according
to the procedure described for compound 4a. Yield 75%, mp > 300 °C
(dioxane). 1H NMR (300 MHz, [2H6]DMSO) d: 2.32 (s, 3H, Me), 2.63
(s, 3H, Me), 4.92 (s, 2H, 1-H), 7.45 (s, 1H, 8-H), 7.74 (s, 1H, 6-H), 13.3
(br. s, 1H, NH). 13C NMR (100 MHz) d: 19.83 (Me), 20.92 (Me), 58.33
(1-C), 70.63 (3-C), 113.02 (CN), 117.09 (5a-C), 125.24 (9-C), 125.66
(6-C), 133.86 (7-C), 135.58 (9a-C), 140.56 (8-C), 159.02 (3a-C), 161.16
(5-C), 188.44 (2-C). IR (KBr, n/cm–1): 3170 (NH), 2203 (CN), 1680
(CO). Found (%): C, 66.62; H, 4.21; N, 16.81. Calc. for C14H11N3O2
(%): C, 66.40; H, 4.38; N, 16.59. Received: 15th March 2002; Com. 02/1906
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