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3-Pyrrolidinones: Michael Addition and Schmidt
Rearrangement Reactions

F. A. Amer,1 M. Hammouda,1 A. A. S. El-Ahl,1 and

B. F. Abdel-Wahab2

1Chemistry Department, Faculty of Science, Mansoura University,
Mansoura, Egypt

2Applied Organic Chemistry Department, National Research Center,
Dokki, Giza, Egypt

Abstract: Various spiro-pyrano[3,2-b]pyrrolo-2-oxoindolines 3a–d and dicyano-
pyrano[3,2-b]pyrroles 5a–e have been synthesized in the present study by Michael
addition of 3-pyrrolidinones 1 to isatin-3-ylidenes 2 and arylidenemalononitrile 4.
Hexahydro-4-oxo-1-aryl-pyrimidine-5-carboxylic acids 7a,b were synthesized
from 1 by Schmidt rearrangement.

Keywords: Arylidenemalononitriles, isatin-3-ylidines, Michael addition, 3-pyrro-
lidinones, Schmidt rearrangement

INTRODUCTION

3-Pyrrolidinones are the key starting materials for the synthesis of a
number of fused heterocycles, such as anticancer drugs (e.g., methotrex-
ate),[1,2] floroquinolone antibacterials (e.g., gemifloxacin, norfloxacin),[3–6]

and inhibitors of HIV-1 replication,[7] and DNA.[8,9] The medicinal
applications of spiro-2-oxoindolines as muscle relaxants and anti-
inflammatory agents is well known.[10,11] Several spiro-2-oxoindoline
derivatives were reported to exhibit analgesics,[12] platelet aggregation
inhibitory,[13] bactericidal, and central nervous system (CNS) depressant
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activities.[14] The starting material, 3-pyrrolidinones 1a,b, was prepared
from primary aromatic amines, acrylonitrile, and ethyl bromoacetate
according to the reported procedures.[15] In view of these observations
and in continuation of our work on 3-pyrrolidinone,[16] the synthesis of
novel spiro-pyrrolo[3,2-b]-4-pyranyl-2-oxoindoline, dicyanopyrrolo[3,2-
b]-4-pyrane, and hexahydropyrimidin-4-one derivatives starting from
N-aryl-3-pyrrolidinones by Michael addition and Schmidt rearrangement
was studied.

RESULTS AND DISCUSSION

Michael Addition Reactions

Base-catalyzed Michael addition of 1a,b to the exocyclic double bond of
the 3-ylidene derivative 2a,b afforded the regiospecifically Michael adduct
intermediate A, which underwent subsequent cyclization to give spiro-2-
oxoindoline derivatives 3a–d in good yield (Scheme 1). IR spectra of 3a
displayed an absorption band at 1708 cm�1 attributable for the carbonyl
group of 2-oxoindoline part of the product, sharp absorption bands at
2235 and 2196 cm�1 for two carbonitrile groups.

The IR spectra of 3c showed absorption bands at 1716 and
1678 cm�1, which indicated the presence of two carbonyl groups, namely,
the 2-oxoindoline carbonyl group and the carbethoxy carbonyl group.
The IR spectra showed only one carbonitrile group at 2238 cm�1. The
1H NMR of 3c showed four singlets at 9.7, 8.1, 7.51, and 3.76 ppm for
NH, NH2, pyrrole proton, and methoxy group, respectively, and also
showed a quartet at 3.64 and a triplet at 0.69 ppm for CH2 and CH3 of
carbethoxy group, respectively.

Treatment of 1a,b with arylidenemalononitrile 4a–e derivatives in
ethanol containing a catalytic amount of piperidine afforded the pyrano-
[3,2-b]pyrrole derivatives 5a–e in good yields, which are oxoisosters of the
corresponding indole derivatives and were expected to exhibit a wide
spectrum of biological activity (Scheme 1).

The structure of pyrano[3,2-b]pyrroles 5a–e is based on spectral and
analytical data. The mass spectrum of 5b showed the molecular ion peak at
m=z 403, which is assigned to Mþþ 1. The 1H NMR of 5a revealed the pres-
ence of two protons as a broad singlet at 6.98 ppm, assigned for the amino
group, and a sharp singlet at 7.68 ppm, assigned for the pyrrole ring proton.

One-pot synthesis of compound 5c was investigated. Thus, when a
mixture of 1a, p-bromobenzaldehyde, and malononitrile in a molar ratio
of 1:1:1 was refluxed in ethanol containing a catalytic amount of piperi-
dine, the pyrano[3,2-b]pyrrole 5c was isolated in a low yield. The reaction
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could proceed via two pathways. In pathway a, the p-bromobenzalde-
hyde reacted first with malononitrile to give p-bromobenzylidenemalono-
nitrile 2, which reacted with 3-pyrrolidinone 1a to give 5c. In pathway b,
the aldehyde reacted first with 3-pyrrolidinone to give p-bromobenzyli-
dene-3-pyrrolidinone 6, which underwent Michael addition reaction with
malononitrile to give 5c (Scheme 2).

To prove that the reaction could proceed through pathway a or b, we
tried to prepare compound 6 by reaction of p-bromobenzaldehyde with
1a in ethanol containing a catalytic amount of piperdine: the reaction
did not proceed to afford p-bromobenzylidene derivative 6.

Schmidt Rearrangement

3-Pyrrolidinones 1a,b undergo Schmidt rearrangement conditions to
afford hexahydropyrimidinones 7a,b or 6-oxo-4-p-(substitutedphenyl)-
piperazine-2-carboxylic acid 8a,b. The Schmidt rearrangement was

Scheme 1. Michael addition reaction.
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accompanied by hydrolysis of the cyano group into the carboxylic group
(Scheme 3).

The structures of the hexahydropyrimidine derivatives 7a,b were
based on spectral and analytical data. The mass spectrum of 7b displayed
the molecular ion peak at m=z 248, which is assigned to Mþ� 2, and the
major fragmentations were in agreement with the assigned structure.

1H NMR confirmed the assigned structures of 7a,b and excluded the
structures 8a,b. The 1H NMR of 7b displayed a doublet of doublet at
3.74–3.65 ppm, assigned for the magnetically nonequivalent protons Ha
and Hb. The mechanism for the regiospecific rearrangement of 1a,b

shown in Scheme 4 was based upon the relative boat–chair confor-
mations of strain energy. Synchronous rearrangement of azidohydrine
with loss of nitrogen can lead directly to the lactam. Two possible

Scheme 2. One-pot synthesis of 5c.
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azidohydrines are derivable from 3-pyrrolidinones 1a,b. If azide is prim-
arily on the less hindered convex face of the molecule as in A, it would be
stabilized by hydrogen bonding between the cyano and hydroxyl groups.
Migration occurs with an energetically favored chair conformation, in
which the azalactam 7a,b will result via methylene migration. Methine
migration of the same azidohydrine to afford 8a,b would occur via the
less favorable boat transition state.[17]

Scheme 4. Mechanism of Schmidt rearrangement.

Scheme 3. Schmidt rearrangement reaction.

420 F. A. Amer et al.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

uc
kl

an
d 

L
ib

ra
ry

] 
at

 1
5:

29
 1

9 
O

ct
ob

er
 2

01
4 



EXPERIMENTAL

All melting points were taken on an Electrothermal IA 9000 series digital
melting-point apparatus. Elemental analytical data (in accordance with
the calculated values) were obtained from the Microanalytical Unit, Cairo
University, Cairo, Egypt. The IR spectra (KBr) were recorded on a
Shimadzu CVT-04 spectrophotometer. The 1H NMR spectra were recor-
ded at 270 MHz on a Varian EM-360 spectrometer using TMS as an
internal standard. The mass spectra were performed using a Varian
MAT CH-5 spectrometer (70 eV). All reactions were followed by thin-
layer chromatography (TLC, silica gel, aluminum sheets 60 F254, Merck).
Physical data are given in Table 1.

Table 1. Physical data, yields, and elemental analysis for compounds 3, 5, and 7

Found, (%) [calculated (%)]
Cpd.
no.

Molecular
formula C H N Mp (�C)

Yield
(%) Color

3a C23H15N5O3 67.52
[67.47]

3.62
[3.69]

16.97
[17.11]

271–272 62 Pale
yellow

3b C23H15N5O2 70.32
[70.22]

3.77
[3.84]

17.65
[17.8]

258–259 62 Pale
yellow

3c C25H20N4O5 65.68
[65.78]

4.33
[4.42]

12.38
[12.27]

273–274 81 White

3d C25H20N4O4 68.08
[68.17]

4.56
[4.58]

12.66
[12.72]

282–283 83 White

5a C23H18N4O2 72.32
[72.24]

4.81
[4.74]

14.55
[14.65]

255–256 86 Pale
yellow

5b C22H15ClN4O2 65.44
[65.59]

3.85
[3.75]

13.94
[13.91]

260–262 77 Pale
yellow

5c C22H15BrN4O2 59.16
[59.07]

3.32
[3.38]

12.62
[12.53]

257–258 82 Pale
yellow

5d C23H18N4O 75.02
[75.39]

4.71
[4.95]

15.18
[15.29]

198–200 69 Pale
yellow

5e C22H15BrN4O 61.18
[61.26]

3.6
[3.51]

12.86
[12.99]

209–210 81 Pale
yellow

7a C12H12N2O3 62.06
[62.12]

5.21
[5.26]

12.06
[12.11]

186–187 82 Colorless

7b C12H12N2O4 58.06
[58.11]

4.87
[4.89]

11.29
[11.32]

177–178 84 Colorless
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Synthesis of Spiro-pyrano[3,2-b]pyrrole-2-oxoindoline Derivatives (3a–d)

A mixture of 1a or 1b (2 mmol) in ethanol (20 ml), compound 2 (0.4 g,
2 mmol in the case 3a,b or 0.5 g, 2 mmol in the case 3c,d), and two drops
of piperidine were refluxed for 4 h, and left to cool overnight. The result-
ing solid product was filtered off and recrystallized from ethanol.

5-Amino-2-oxo-1-(40-methoxyphenyl)-1,10,20,3a,7,7a0-
hexahydrospiro[indole-30,7-pyrano[3,2-b]pyrrole]-3,60-dicarbonitrile (3a)

1H NMR (DMSO-d6): 3.68 (s, 3H, OCH3), 6.30–6.91 (m, 8H, Ar-H), 7.31
(s, 1H, pyrrole-H), 7.64 (s, 2H, NH2), 10.08 (s, 1H, NH). IR: 1708 cm�1,
2196 cm�1, 2235 cm�1, 3381 cm�1, 3319 cm�1. Mass spectra: m=z 409
[M]þ.

5-Amino-2-oxo-1-(40-methylphenyl)-1,10,20,3a,7,7a0-hexahydrospiro[indole-

30,7-pyrano[3,2-b]pyrrole]-3,60-dicarbonitrile (3b)

1H NMR (DMSO-d6): 2.32 (s, 3H, CH3), 6.24–6.88 (m, 8H, Ar-H), 7.36
(s, 1H, pyrrole-H), 7.98 (s, 2H, NH2), 10.03 (s, 1H, NH). IR: 1706 cm�1,
2196 cm�1; 2234 cm�1, 3301 cm�1, 3278 cm�1. Mass spectra: m=z 393
[M]þ.

Ethyl 5-Amino-3-cyano-2-oxo-1-(40-methoxyphenyl)-1,10,20,3a,7,7a0-
hexahydrospiro[indole-30,7-pyrano[3,2-b]pyrrole]-60-carboxylate (3c)

1H NMR (DMSO-d6): 0.69 (t, 3H, O-CH2CH3), 3.64 (q, 2H, OCH2CH3),
3.76 (s, 3H, OCH3), 6.16–6.86 (m, 8H, Ar-H), 7.51 (s, 1H, pyrrole-H), 8.1
(s, 2H, NH2), 9.7 (s, 1H, NH). IR: 1680 cm�1, 1706 cm�1, 2231 cm�1,
3393 cm�1, 3287 cm�1. Mass spectra: m=z 456 [M]þ.

Ethyl 5-Amino-3-cyano-2-oxo-1-(40-methylphenyl)-1,10,20,3a,7,7a0-
hexahydrospiro[indole-30,7-pyrano[3,2-b]pyrrole]-60-carboxylate (3d)

1H NMR (DMSO-d6): 0.71 (t, 3H, O-CH2CH3), 2.29 (s, 3H, CH3), 3.58
(q, 2H, OCH2CH3), 6.22–6.87 (m, 8H, Ar-H), 7.49 (s, 1H, pyrrole-H),
8.08 (s, 2H, NH2), 9.6 (s, 1H, NH). IR: 1678 cm�1, 1716 cm�1, 2238 cm�1,
3349, 3269 cm�1. Mass spectra: m=z 440 [M]þ.

422 F. A. Amer et al.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

uc
kl

an
d 

L
ib

ra
ry

] 
at

 1
5:

29
 1

9 
O

ct
ob

er
 2

01
4 



3.3.5-Amino-1,7-dihydro-1-(aryl)-7-(aryl)pyrano[3,2-b]pyrrole-
3,6-dicarbonitrile (5a–e)

A mixture of 1a or 1b (2 mmol) in ethanol (20 ml), appropriate arylidene
malononitrile 4 (2 mmol), and a few drops of piperidine were refluxed for
4 h and Left to cool. The resulting solid product was filtered off, dried,
and recrystallized from ethanol.

5-Amino-1,7-dihydro-1-(4-methoxyphenyl)-7-p-tolylpyrano[3,2-b]pyrrole-

3,6-dicarbonitrile (5a)

1H NMR (CDCl3): 2.2 (s, 3H, CH3), 3.74 (s, 3H, OCH3), 4.8 (s, 1H, C4-
H), 6.59 (d, 4H, Ar-H), 6.98 (s, 2H, NH2), 7.10–7.08 (d, 4H, Ar-H), 7.68
(s, 1H, C6-H). IR: 2195 cm�1, 2234 cm�1, 3424 cm�1, 3325 cm�1. Mass
spectra: m=z 382 [M]þ.

5-Amino-7-(4-chlorophenyl)-1,7-dihydro-1-(4-methoxyphenyl)pyrano[3,2-

b]pyrrole-3,6-dicarbonitrile (5b)

1H NMR (CDCl3): 3.74 (s, 3H, OCH3), 4.91 (s, 1H, C4-H); 6.74 (d, 2H,
J¼ 8.38, Ar-H), 6.86 (d, 2H; J¼ 8.97, Ar-H), 7.06–7.16 (m, 6H, 4Ar-H &
NH2), 7.71 (s, 1H, C6-H). IR: 2195 cm�1, 2235 cm�1, 3418 cm�1,
3324 cm�1. Mass spectra: m=z 403 [Mþ 1]þ, 402 [M]þ.

5-Amino-7-(4-bromophenyl)-1,7-dihydro-1-(4-methoxyphenyl)pyrano[3,2-

b]pyrrole-3,6-dicarbonitrile (5c)

1H NMR (CDCl3): 3.68 (s, 3H, OCH3), 4.91 (s, 1H, C4-H), 6.72 (d, 2H,
J¼ 8.28, Ar-H), 6.88 (d, 2H; J¼ 8.97, Ar-H), 7.17–7.09 (m, 6H, 4Ar-H &
NH2), 7.73 (s, 1H, C6-H). IR: 2195 cm�1, 2234 cm�1, 3410 cm�1,
3321 cm�1. Mass spectra: m=z 448 [Mþ 2]þ, 447 [Mþ 1]þ, 446 [M]þ.

5-Amino-1,7-dihydro-1,7-dip-tolylpyrano[3,2-b]pyrrole-

3,6-dicarbonitrile (5d)

1H NMR (CDCl3): 2.19 (s, 3H, CH3), 2.24 (s, 3H, CH3), 4.78 (s, 1H, C4-
H), 6.49 (d, 2H, Ar-H), 6.96 (s, 2H, NH2), 7.07–7.18 (d, 2H, Ar-H), 7.69
(s, 1H, C6-H). IR: 2195 cm�1; 2238 cm�1; 3369 cm�1, 3319 cm�1. Mass
spectra: m=z 366 [M]þ.
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5-Amino-7-(4-chlorophenyl)-1,7-dihydro-1-p-tolylpyrano-
[3,2-b]pyrrole-3,6-dicarbonitrile (5e)

1H NMR (CDCl3): 2.14 (s, 3H, CH3), 4.87 (s, 1H, C4-H), 6.72 (d, 2H,
J¼ 8.35, Ar-H), 6.87 (d, 2H; J¼ 8.65, Ar-H), 7.07–7.18 (m, 6H, 4Ar-H
& NH2), 7.68 (s, 1H, C6-H). IR: 2206 cm�1; 2238 cm�1; 3330 cm�1,
3280 cm�1. Mass spectra: m=z 387 [Mþ 1]þ; 386 [M]þ.

Synthesis of 1-Aryl-5-carboxy-hexahydropyrimidin-4-ones 7a,b

To a stirred mixture of 1a or 1b (5 mmol) in chloroform (20 ml) and conc.
sulfuric acid (4–5 ml) in an ice bath, sodium azide (0.325 g, 5 mmol) was
added over a period of 1 h. The reaction mixture was stirred at room tem-
perature for 4 h, then heated at 50–60 �C for 30 min. The reaction mixture
was poured into ice-cold water and neutralized with ammonium hydr-
oxide. The resulting solid product was filtered off, dried, and recrystal-
lized from ethyl acetate to give 7a,b as colorless crystals.

Hexahydro-4-oxo-1-p-tolylpyrimidine-5-carboxylic Acid (7a)

1H NMR (CDCl3): 2.29 (s, 3H, CH3), 3.74–3.65 (dd, 2H, J¼ 10 and
18 Hz, Ha & Hb at C2), 4.08–3.92 (m, 3H, C5-H & C6-H2), 5.66 (s, 1H,
NH), 6.65 (d, 2H, J¼ 8 Hz, Ar-H), 6.85 (s, 1H, COOH), 7.12 (d, 2H,
J¼ 8 Hz, Ar-H). IR: 1669 cm�1, 1763 cm�1 , 3203 cm�1, 3405 cm�1. Mass
spectra: m=z 332 [M� 2]þ.

Hexahydro-1-(4-methoxyphenyl)-4-oxopyrimidine-5-carboxylic Acid (7b)

1H NMR (CDCl3): 3.51 (s, 3H, OCH3), 3.74–3.65 (dd, 2H, J¼ 10 and
18 Hz, Ha & Hb at C2), 4.07–3.90 (m, 3H, C5-H & C6-H2), 5.67 (s, 1H,
NH), 6.61 (d, 2H, J¼ 8 Hz, Ar-H), 6.87 (s, 1H, COOH), 7.10 (d, 2H,
J¼ 8 Hz, Ar-H). IR: 1669 cm�1, 1763 cm�1, 3200 cm�1, 3406 cm�1. Mass
spectra: m=z 248 [M� 2]þ.
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