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Abstract—The manganese(III) initiated oxidative free radical reaction between 2-amino-1,4-benzoquinones and benzoylacetonitriles is
described. This free radical reaction provides a novel method for the synthesis of spirodione 3 and spirolactone 4. With 5,6-dimethyl-2-
methylamino-1,4-benzoquinone, spirodione 3 was obtained exclusively. On the contrary, with 5-methyl-2-methylamino-1,4-benzoquinone,
spirolactone 4 was produced in high chemo- and regioselectivity. By heating with sodium acetate, spirodione 3 can be converted to 4
effectively.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Carbon–carbon bond forming reactions mediated by radi-
cal have received considerable attention in organic syn-
thesis during the last two decades.1 Naturally occurring
quinones such as mitosenes, kinamycins, murrayaqui-
nones, etc. represent an important class of biologically
significant natural products.2 A common building block
to these compounds is the indolequinone unit. The devel-
opment of new synthetic methodologies for the synthesis
of indolequinone ring system is therefore important.3,4

The oxidative free radical reaction initiated by metal
salts has been developed into a versatile protocol for the
formation of highly functionalized products from simple
precursors.1d–f,5–8 Among these, manganese(III) acetate
and cerium(IV) ammonium nitrate have been used most
efficiently. Previously, we reported that oxidative free
radical reactions of 2-amino-1,4-naphthoquinones with
malonate, nitroacetate, and b-dicarbonyl compounds pro-
duced benzo[f]indole-4,9-diones, benzo[f]indole-2,4,9-triones,
benzo[b]carbazole-6,11-diones, and benzo[b]acridine-6,11-
diones effectively.6 In this report, we wish to describe our
results on the manganese(III) acetate initiated oxidative
free radical reaction between 2-amino-1,4-benzoquinones
and benzoylacetonitriles.
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2. Results and discussion

We began our studies with the reaction shown in Eq. 1. When
5,6-dimethyl-2-(methylamino)-1,4-benzoquinone (1a, R1¼
R2¼Me) was treated with p-toluoylacetonitrile 2a and
manganese(III) acetate in acetic acid at room temperature,
a yellow product spirodione 3a was obtained in 55% yield
(Table 1, entry 1). Contrary to the manganese(III) initiated
reactions of 1a with b-dicarbonyl compounds, no indole-
4,7-diones and indole-2,4,7-triones can be found in this reac-
tion.6f,j,k,9 Although the mechanistic details of this reaction
are unclear, 3a may be formed by the reaction mechanism
presented in Scheme 1. Initiation occurs with the manga-
nese(III) acetate oxidation of 2a to produce radical 5a. This
radical intermediate 5a undergoes intermolecular addition
to quinone ring followed by oxidation to generate 6a, which
was then oxidized by manganese(III) acetate to produce
radical 7a. Radical 7a undergoes 1,2-carbonyl group migra-
tion10 followed by oxidation and intermolecular nucleo-
philic addition of another 2a to give 10, which then
undergoes a further intramolecular condensation reaction
to produce 3a. The solvent effects play an important role
in the manganese(III) acetate initiated oxidative free radical
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reaction.11 Reaction between 1a and 2a was next performed
in other solvents. The change of solvent to benzene, 2,2,2-
trifluoroethanol, and acetonitrile gave 3a as the only product.
It gave best result (69% yield) when acetonitrile was used as
the solvent (entry 4). The generalities of this reaction were
examined with other benzoylacetonitriles (entries 5–7).
This reaction worked well and 3b–3d were formed in 66–
70% yields with dominant (E)-selectivity. These high stereo-
selectivities are presumably due to the steric effect between
the benzoyl group and methyl group of the Z isomer. The
structure of 3b was revealed by 1H NMR and 13C NMR anal-
yses. In addition, the NMR-based structure was confirmed
by single crystal X-ray analysis (Fig. 1).12

Table 1. Free radical reactions between 2-methylamino-1,4-benzoquinone 1
and benzoylacetonitrile 2

Entry Quinone Benzoylacetonitrile Solvent Reaction
time

Product
[yield (%)]

1 1a 2a: Ar¼p-MePh HOAca 4 h 3a (55)
2 1a 2a: Ar¼p-MePh C6H6

b 45 min 3a (31)
3 1a 2a: Ar¼p-MePh CF3CH2OHb 45 min 3a (40)
4 1a 2a: Ar¼p-MePh CH3CNb 45 min 3a (69)
5 1a 2b: Ar¼Ph CH3CNb 45 min 3b (66)
6 1a 2c: Ar¼p-ClPh CH3CNb 45 min 3c (70)
7 1a 2d: Ar¼p-MeOPh CH3CNb 45 min 3d (69)
8 1b 2a: Ar¼p-MePh CH3CNb 2 h 4d (48)
9 1b 2b: Ar¼Ph CH3CNb 2 h 4e (48)
10 1b 2c: Ar¼p-ClPh CH3CNb 2 h 4f (53)
11 1a 2a: Ar¼p-MePh CH3CNb,c 8 h 4a (75)
12 1a 2b: Ar¼Ph CH3CNb,c 8 h 4b (74)
13 1a 2c: Ar¼p-ClPh CH3CNb,c 8 h 4c (76)
14 1b 2a: Ar¼p-MePh CH3CNb,c 2 h 4d (53)
15 1b 2b: Ar¼Ph CH3CNb,c 2 h 4e (51)
16 1b 2c: Ar¼p-ClPh CH3CNb,c 2 h 4f (60)

a Reaction temperature: RT.
b Reaction temperature: 80 �C.
c The reaction was performed with additional 5 equiv of sodium acetate.
To test the regioselectivity of this reaction, the reaction
between 5-methyl-2-methylamino-1,4-benzoquinone (1b,
R1¼H, R2¼Me) and benzoylacetonitrile 2 was next studied.
Reaction of 1b in acetonitrile with p-toluoylacetonitrile (2a)
and manganese(III) acetate, instead of the expected product
3e (R1¼H, R2¼Me, Ar¼p-MePh), afforded a pale yellow
product spirolactone 4d exclusively in 48% yield (entry 8).
No product derived from the addition of radical 5a to the
C6 of 1b can be found. This can be ascribed to the electron
deficiency of radical intermediate 5a, and this makes the
rate of intermolecular addition to the C–C double bond bear-
ing an electron-donating amino group much faster. Analo-
gous results were obtained with other benzoylacetonitriles
and the results are also summarized in Table 1 (entries
8–10). In all cases, spirolactone 4 was obtained as the only
product. The structure of 4e was confirmed by the 1H
NMR, 13C NMR, and X-ray analyses (Fig. 2).13 Spirolactone
4 was formed presumably from 3 via the reaction routes out-
lined in Scheme 1. Retro Claisen condensation of 3, initiated
by the addition of acetate ion to the carbonyl group of 3, gen-
erates 11. This anionic intermediate 11 undergoes intramo-
lecular addition (via enolate 12) followed by lactonization
to produce 4. The different behaviors between 1a and 1b
in this reaction can be rationalized that the steric effect of
R1 group makes the nucleophilic addition of acetate ion to
the carbonyl group of 3a (R1¼Me) much slower than that
of 3b (R1¼H).

According to the proposed reaction mechanism shown
above, we believe that 4a can be obtained by the reaction
of 3a with sodium acetate (Eq. 2). Indeed, when 3a was
heated with sodium acetate in acetonitrile, 4a was obtained
in 99% yield (Table 2, entry 1). Other examples are also
summarized in Table 2. In all cases, spirodione 3 was con-
verted to the corresponding spirolactone 4 effectively. On
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Figure 1. The molecular structure of compound 3b.

Figure 2. The molecular structure of compound 4e.
the basis of this finding, we have continued to study this
oxidative free radical reaction of 1 with manganese(III)
acetate and sodium acetate. Treatment of 1a with 2a, manga-
nese(III) acetate, and sodium acetate in acetonitrile gave 4a
in 76% yield (entry 11). The generalities of this reaction are
also shown in Table 1 (entries 11–16). Spirolactones 4a–4c
were obtained directly from 1a (entries 11–13). With 1b,
4d–4f were produced in a better reaction yields (entries
14–16) than those performed without sodium acetate (entries
8–10).

Table 2. Reactions between spiro-1,3-dione 3 and sodium acetate

Entry Spirodiones Reaction
time (h)

Product
[yield (%)]

1 3a: Ar¼p-MePh 4 4a (99)
2 3b: Ar¼Ph 4 4b (97)
3 3c: Ar¼p-ClPh 4 4c (99)
In conclusion, carbon radical can be generated from the
manganese(III) acetate oxidation of benzoylacetonitrile
and it undergoes efficient addition to the C–C double bond
of 2-amino-1,4-benzoquinones. This free radical reaction
provides a novel method for the synthesis of spirodione 3
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and spirolactone 4. These reactions gave best results in
acetonitrile. With 5,6-dimethyl-2-methylamino-1,4-benzo-
quinone (1a), spirodione 3 was obtained exclusively. On the
contrary, with 5-methyl-2-methylamino-1,4-benzoquinone
(1b), spirolactone 4 was produced in high chemo- and regio-
selectivity. By heating with sodium acetate, spirodione 3 can
be converted to 4 effectively.

3. Experimental

3.1. General

Melting points are uncorrected. Infrared spectra were
obtained with a Hitachi 260-30 spectrometer. 1H and
13C NMR spectra were recorded on a Bruker AMX-400
or AVANCE 300 spectrometer. Chemical shifts are re-
ported in parts per million relative to TMS as an internal
reference. Elemental analyses were performed with
Heraeus CHN-Rapid Analyzer. X-ray diffraction structure
analysis was performed with a Nonius Kappa CCD
diffractometer. Structure analysis was made by using
SHELXTL program on a personal computer. Analytical
thin-layer chromatography was performed with precoated
silica gel 60 F-254 plates (0.25 mm thick) from EM Lab-
oratories and visualized by UV. The reaction mixture was
purified by column chromatography over EM Laboratories
silica gel (70–230 mesh). The starting 2-amino-1,4-benzo-
quinone 1 was synthesized according to the literature
procedure.14

3.2. Typical experimental procedure for the reaction
between 2-(methylamino)-1,4-benzoquinone 1 and
benzoylacetonitrile 2

A mixture of 5,6-dimethyl-2-(methylamino)-1,4-benzoqui-
none (1a, 121 mg, 0.73 mmol), p-toluoylacetonitrile (2a,
466 mg, 2.93 mmol), and Mn(OAc)3 (1.18 g, 4.4 mmol) in
acetonitrile (10 mL) was stirred at 80 �C for 45 min. The
reaction mixture was diluted with ethyl acetate (100 mL),
washed with saturated aqueous sodium bisulfite (50 mL),
water (2�50 mL), and saturated aqueous sodium bicarbon-
ate (50 mL), and dried (Na2SO4). The solvent was evapo-
rated under reduced pressure and the crude product was
purified by column chromatography on silica (20 g) using
dichloromethane–hexane (2:1) as an eluent, followed
by crystallization (ethyl acetate–hexane) to give 3a
(224 mg, 69%).

3.2.1. 1-[1-Cyano-2-oxo-2-(p-tolyl)-eth-(E)-ylidene]-2,7,8-
trimethyl-6,9-dioxo-3-(p-tolyl)-2-aza-spiro-[4,4]nona-3,7-
diene-4-carbonitrile 3a. Yellow crystals; mp 189–190 �C;
IR (KBr) 2950, 2210, 1710, 1510, 1080 cm�1; 1H NMR
(400 MHz, CDCl3) d 2.17 (s, 6H, 2�CH3), 2.39 (s, 3H,
CH3), 2.45 (s, 3H, CH3), 3.68 (s, 3H, NCH3), 7.22 (d,
J¼8.0 Hz, 2H, ArH), 7.33–7.41 (m, 4H, ArH), 7.63 (d,
J¼8.0 Hz, 2H, ArH); 13C NMR (75.4 MHz, CDCl3) d 9.5
(2�q), 21.26 (q), 21.33 (q), 37.1 (q), 71.8 (s), 87.0 (s),
91.1 (s), 112.7 (s), 117.9 (s), 122.2 (s), 128.4 (2�d), 128.6
(2�d), 128.7 (2�d), 129.9 (2�d), 134.1 (s), 142.5 (s),
143.1 (s), 153.5 (2�s), 159.7 (s), 165.1 (s), 188.7 (s),
192.3 (2�s); Anal. Calcd for C29H23N3O3: C, 75.47; H,
5.02; N, 9.10. Found: C, 75.50; H, 5.06; N, 9.10.
3.2.2. 1-[1-Cyano-2-oxo-2-phenyl-eth-(E)-ylidene]-2,7,8-
trimethyl-6,9-dioxo-3-phenyl-2-aza-spiro-[4,4]nona-3,7-
diene-4-carbonitrile 3b. Yellow crystals; mp 202–203 �C;
IR (KBr) 2925, 2210, 1710, 1520, 1010 cm�1; 1H NMR
(400 MHz, CDCl3) d 2.18 (s, 6H, 2�CH3), 3.69 (s, 3H,
NCH3), 7.43 (t, J¼7.6 Hz, 2H, ArH), 7.47–7.65 (m, 6H,
ArH), 7.71 (d, J¼7.1 Hz, 2H, ArH); 13C NMR
(100.6 MHz, CDCl3) d 9.8 (2�q), 37.3 (q), 72.3 (s), 87.3
(s), 92.1 (s), 112.6 (s), 117.9 (s), 125.3 (s), 128.1 (2�d),
128.4 (2�d), 129.0 (2�d), 129.5 (2�d), 132.1 (d), 132.5
(d), 137.1 (s), 153.8 (2�s), 159.6 (s), 165.4 (s), 189.4 (s),
192.3 (2�s); Anal. Calcd for C27H19N3O3: C, 74.81; H,
4.42; N, 9.69. Found: C, 74.87; H, 4.41; N, 9.72.

3.2.3. 3-(p-Chlorophenyl)-1-[2-(p-chlorophenyl)-1-cya-
no-2-oxo-eth-(E)-ylidene]-2,7,8-trimethyl-6,9-dioxo-2-
aza-spiro-[4,4]nona-3,7-diene-4-carbonitrile 3c. Yellow
crystals; mp 183–184 �C; IR (KBr) 2210, 1710, 1520,
1295, 1255 cm�1; 1H NMR (400 MHz, CDCl3) d 2.18 (s,
6H, 2�CH3), 3.68 (s, 3H, NCH3), 7.41 (d, J¼8.5 Hz, 2H,
ArH), 7.46 (d, J¼8.5 Hz, 2H, ArH), 7.58 (d, J¼8.5 Hz,
2H, ArH), 7.66 (d, J¼8.5 Hz, 2H, ArH); 13C NMR
(75.4 MHz, CDCl3) d 9.7 (2�q), 37.3 (q), 72.4 (s), 87.0
(s), 92.5 (s), 112.3 (s), 117.6 (s), 123.5 (s), 128.4 (2�d),
129.85 (2�d), 129.92 (2�d), 130.3 (2�d), 135.1 (s), 138.7
(s), 138.9 (s), 153.8 (2�s), 158.3 (s), 165.4 (s), 188.0 (s),
192.0 (2�s); Anal. Calcd for C27H17Cl2N3O3: C, 64.55; H,
3.41; N, 8.36. Found: C, 64.39; H, 3.51; N, 8.32.

3.2.4. 1-[1-Cyano-2-(p-methoxyphenyl)-2-oxo-eth-(E)-yl-
idene]-3-(p-methoxyphenyl)-2,7,8-trimethyl-6,9-dioxo-2-
aza-spiro-[4,4]nona-3,7-diene-4-carbonitrile 3d. Yellow
crystals; mp 186–187 �C; IR (KBr) 2205, 1705, 1600,
1520, 1255 cm�1; 1H NMR (400 MHz, CDCl3) d 2.16 (s,
6H, 2�CH3), 3.69 (s, 3H, NCH3), 3.85 (s, 3H, OCH3),
3.89 (s, 3H, OCH3), 6.90 (d, J¼8.8 Hz, 2H, ArH), 7.06 (d,
J¼8.7 Hz, 2H, ArH), 7.45 (d, J¼8.7 Hz, 2H, ArH), 7.76
(d, J¼8.8 Hz, 2H, ArH); 13C NMR (75.4 MHz, CDCl3)
d 9.8 (2�q), 37.5 (q), 55.4 (q), 55.5 (q), 71.6 (s), 87.3 (s),
90.6 (s), 113.2 (s), 113.5 (2�d), 115.0 (2�d), 117.3 (s),
118.3 (s), 129.5 (s), 130.8 (2�d), 131.1 (2�d), 153.9
(2�s), 159.9 (s), 162.5 (s), 163.3 (s), 165.4 (s), 187.6 (s),
192.7 (2�s); Anal. Calcd for C29H23N3O5: C, 70.58; H,
4.70; N, 8.51. Found: C, 70.34; H, 4.70; N, 8.46.

3.3. Typical experimental procedure for the reaction of
spirodione 3 with sodium acetate

A mixture of spirodione 3a (105 mg, 0.24 mmol) and
NaOAc (126 g, 1.54 mmol) in acetonitrile (10 mL) was
heated at 80 �C for 4 h. After workup as described above,
the residue was chromatographed over silica gel (20 g,
eluted with 2:1 dichloromethane–hexane) followed by crys-
tallization (ethyl acetate–hexane) to give 4a (104 mg, 99%).

3.4. Typical experimental procedure for sodium acetate-
assisted reaction between 2-(methylamino)-1,4-benzo-
quinone 1 and benzoylacetonitrile 2

A mixture of 5,6-dimethyl-2-(methylamino)-1,4-benzo-
quinone (1a, 81 mg, 0.49 mmol), p-toluoylacetonitrile (2a,
308 mg, 1.94 mmol), Mn(OAc)3 (780 g, 2.91 mmol), and
NaOAc (205 g, 2.47 mmol) in acetonitrile (10 mL) was



9716 C.-P. Chuang, A.-I. Tsai / Tetrahedron 63 (2007) 9712–9717
heated at 80 �C for 8 h. After workup as described above, the
crude product was purified by column chromatography on
silica (20 g) using dichloromethane–hexane (2:1) as an
eluent, followed by crystallization (ethyl acetate–hexane)
to give 4a (159 mg, 75%).

3.4.1. 1,30,40-Trimethyl-2,6-di-(p-tolyl)-1,20,4,50-tetrahy-
dro-50-oxo-spiro{furan-20,4-pyrano[4,3-b]pyrrole}-3,7-
dicarbonitrile 4a. Pale yellow crystals; mp 210–211 �C; IR
(KBr) 2220, 1780, 1590, 1270, 1110 cm�1; 1H NMR
(400 MHz, CDCl3) d 2.04 (s, 3H, CH3), 2.08 (s, 3H, CH3),
2.43 (s, 3H, CH3), 2.44 (s, 3H, CH3), 3.90 (s, 3H, NCH3),
7.30 (d, J¼8.2 Hz, 2H, ArH), 7.31–7.37 (m, 4H, ArH),
7.75 (d, J¼8.2 Hz, 2H, ArH); 13C NMR (75.4 MHz,
CDCl3) d 8.6 (q), 11.6 (q), 21.2 (q), 21.5 (q), 33.4 (q), 80.5
(s), 87.3 (s), 105.3 (s), 108.8 (s), 113.6 (s), 115.9 (s), 124.4
(s), 125.2 (s), 127.9 (s), 128.7 (2�d), 129.2 (2�d), 129.5
(2�d), 129.7 (2�d), 140.2 (s), 142.7 (s), 145.3 (s), 152.4
(s), 162.9 (s), 169.4 (s); Anal. Calcd for C29H23N3O3: C,
75.47; H, 5.02; N, 9.10. Found: C, 75.42; H, 5.03; N, 9.08.

3.4.2. 1,30,40-Trimethyl-2,6-diphenyl-1,20,4,50-tetrahy-
dro-50-oxo-spiro{furan-20,4-pyrano[4,3-b]pyrrole}-3,7-
dicarbonitrile 4b. Pale yellow crystals; mp 172–173 �C; IR
(KBr) 2220, 1780, 1590, 1270, 1150 cm�1; 1H NMR
(400 MHz, CDCl3) d 2.04 (s, 3H, CH3), 2.09 (s, 3H, CH3),
3.92 (s, 3H, NCH3), 7.42–7.47 (m, 2H, ArH), 7.47–7.59
(m, 6H, ArH), 7.86 (d, J¼7.5 Hz, 2H, ArH); 13C NMR
(75.4 MHz, CDCl3) d 8.6 (q), 11.6 (q), 33.5 (q), 81.1 (s),
87.6 (s), 105.3 (s), 109.0 (s), 113.4 (s), 115.7 (s), 125.2 (s),
127.3 (s), 128.5 (2�d), 128.7 (2�d), 129.1 (2�d), 129.3
(s), 129.7 (2�d), 130.0 (d), 130.6 (s), 131.9 (d), 145.2 (s),
152.4 (s), 162.8 (s), 169.3 (s); Anal. Calcd for
C27H19N3O3: C, 74.81; H, 4.42; N, 9.69. Found: C, 74.85;
H, 4.46; N, 9.67.

3.4.3. 2,6-Di-(p-chlorophenyl)-1,30,40-trimethyl-1,20,4,50-
tetrahydro-5 0-oxo-spiro{furan-2 0,4-pyrano[4,3-b]-
pyrrole}-3,7-dicarbonitrile 4c. Pale yellow needles; mp
178–179 �C; IR (KBr) 2225, 1785, 1590, 1270, 1095 cm�1;
1H NMR (400 MHz, CDCl3) d 2.05 (s, 3H, CH3), 2.08 (s,
3H, CH3), 3.91 (s, 3H, NCH3), 7.39 (d, J¼8.4 Hz, 2H,
ArH), 7.48 (d, J¼8.7 Hz, 2H, ArH), 7.54 (d, J¼8.4 Hz,
2H, ArH), 7.80 (d, J¼8.7 Hz, 2H, ArH); 13C NMR
(75.4 MHz, CDCl3) d 8.7 (q), 11.6 (q), 33.6 (q), 81.3 (s),
88.1 (s), 105.2 (s), 109.5 (s), 113.1 (s), 115.4 (s), 125.3 (s),
125.7 (s), 129.0 (2�d), 129.6 (2�d), 129.7 (s), 130.1
(2�d), 131.0 (2�d), 136.5 (s), 138.3 (s), 144.0 (s), 152.2
(s), 161.7 (s), 169.2 (s); Anal. Calcd for C27H17Cl2N3O3:
C, 64.55; H, 3.41; N, 8.36. Found: C, 64.23; H, 3.58; N, 8.22.

3.4.4. 1,30-Dimethyl-2,6-di-(p-tolyl)-1,20,4,50-tetrahydro-
50-oxo-spiro{furan-20,4-pyrano[4,3-b]pyrrole}-3,7-dicar-
bonitrile 4d. Pale yellow needles; mp 255–256 �C; IR (KBr)
2915, 2220, 1785, 1600, 1155 cm�1; 1H NMR (400 MHz,
CDCl3) d 2.20 (s, 3H, CH3), 2.44 (s, 6H, 2�CH3), 3.91 (s,
3H, NCH3), 6.26 (s, 1H, CH), 7.31 (d, J¼8.1 Hz, 2H,
ArH), 7.33–7.38 (m, 4H, ArH), 7.76 (d, J¼8.1 Hz, 2H,
ArH); 13C NMR (75.4 MHz, CDCl3) d 13.2 (q), 21.0 (q),
21.3 (q), 33.3 (q), 80.4 (s), 87.0 (s), 106.0 (s), 107.5 (s),
113.3 (s), 115.6 (s), 120.8 (d), 124.2 (s), 125.0 (s), 127.5
(s), 128.5 (2�d), 129.1 (2�d), 129.3 (2�d), 129.5 (2�d),
140.1 (s), 142.6 (s), 145.4 (s), 161.3 (s), 162.4 (s), 167.4
(s); Anal. Calcd for C28H21N3O3: C, 75.15; H, 4.73; N,
9.39. Found: C, 75.05; H, 4.77; N, 9.36.

3.4.5. 1,30-Dimethyl-2,6-diphenyl-1,20,4,50-tetrahydro-50-
oxo-spiro{furan-20,4-pyrano[4,3-b]pyrrole}-3,7-dicarbo-
nitrile 4e. Pale yellow crystals; mp 220–221 �C; IR (KBr)
3060, 2225, 1790, 1590, 1215 cm�1; 1H NMR (400 MHz,
CDCl3) d 2.22 (s, 3H, CH3), 3.93 (s, 3H, NCH3), 6.28 (s,
1H, CH), 7.43–7.48 (m, 2H, ArH), 7.49–7.60 (m, 6H,
ArH), 7.87 (d, J¼7.8 Hz, 2H, ArH); 13C NMR (75.4 MHz,
CDCl3) d 13.5 (q), 33.6 (q), 81.3 (s), 87.7 (s), 106.2 (s),
108.1 (s), 113.3 (s), 115.6 (s), 121.2 (d), 125.2 (s), 127.3
(s), 128.7 (2�d), 128.8 (2�d), 129.2 (2�d), 129.7 (2�d),
130.1 (d), 130.5 (s), 132.1 (d), 145.5 (s), 161.3 (s), 162.6
(s), 167.5 (s); Anal. Calcd for C26H17N3O3: C, 74.45; H,
4.09; N, 10.02. Found: C, 74.18; H, 4.16; N, 9.96.

3.4.6. 2,6-Di-(p-chlorophenyl)-1,30-dimethyl-1,20,4,50-tet-
rahydro-50-oxo-spiro{furan-20,4-pyrano[4,3-b]pyrrole}-
3,7-dicarbonitrile 4f. Pale yellow crystals; mp 277–278 �C;
IR (KBr) 2225, 1805, 1780, 1590, 1220 cm�1; 1H NMR
(400 MHz, CDCl3) d 2.20 (d, J¼1.6 Hz, 3H, CH3), 3.92 (s,
3H, NCH3), 6.29 (q, J¼1.6 Hz, 1H, CH), 7.40 (d,
J¼8.4 Hz, 2H, ArH), 7.49 (d, J¼8.6 Hz, 2H, ArH), 7.55
(d, J¼8.4 Hz, 2H, ArH), 7.81 (d, J¼8.6 Hz, 2H, ArH); 13C
NMR (75.4 MHz, CDCl3) d 13.5 (q), 33.7 (q), 81.5 (q),
88.1 (s), 106.0 (s), 108.5 (s), 113.0 (s), 115.3 (s), 121.4
(d), 125.3 (s), 125.6 (s), 128.8 (s), 129.1 (2�d), 129.6
(2�d), 130.1 (2�d), 131.0 (2�d), 136.7 (s), 138.5 (s),
144.2 (s), 161.1 (s), 161.5 (s), 167.3 (s); Anal. Calcd for
C26H15Cl2N3O3: C, 63.95; H, 3.10; N, 8.61. Found: C,
63.89; H, 3.12; N, 8.59.
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l¼0.71073 Å, monoclinic, space group P21/a, a¼
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