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Abstract—A novel pseudo four-component reaction of isocyanides and dialkyl acetylenedicarboxylates in the presence of acidic N–
H compounds is described. Unexpectedly, during the course of this reaction densely functionalized pyrroles are formed.
� 2004 Elsevier Ltd. All rights reserved.
Synthetic approaches to highly substituted pyrroles are
of special interest and of contemporary importance
because of the growing variety of pyrrole derivatives iso-
lated from natural products1 and their remarkable bio-
logical activities.2 They form part of many alkaloids
and natural macrocycles (hemes, bile, pigments, chloro-
phylls, etc.).3 Therefore, it is not surprising that many
methods for the syntheses of substituted and functional-
ized pyrroles have been reported in the literature.4

Recently, syntheses of polysubstituted pyrroles have
been reported from conjugate addition reactions,5 tran-
sition metal intermediates,6 reductive coupling,7 aza
Wittig reactions,8 isocyanide-based reactions,9 utilizing
the sila-Stetter/Paal-Knorr sequence strategy10 and
other useful pathways.11

Due to the atom economy, convergent character and
simplicity of one-pot procedures, multicomponent con-
densation reactions (MCRs) occupy an advantageous
position among other reactions. Therefore, the discov-
ery and development of novel MCRs is receiving grow-
ing interest from industrial chemistry research groups
and represents a new challenge for organic chemists
and to the basic understanding of organic chemistry
itself.12

Continuing our interest in isocyanide-based multicom-
ponent reactions13 and electron deficient acetylenic
esters,13e,f,14 we disclose herein hitherto unknown pseu-
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.
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do four-component reactions, which, starting from sim-
ple and readily available precursors afford products
containing densely functionalized pyrroles (Scheme 1).

The reaction of unhindered isocyanides with dialkyl
acetylenedicarboxylates in the presence of five-mem-
bered cyclic imides such as succinimide or maleimide
afforded 1 0-alkyl or aryl-5 0-alkyl or arylamino-2,5-
dioxo-2,3,4,5-tetrahydro- or 2,5-dihydro-1 0H-[1,20]bipyr-
rol-3 0,4 0-dicarboxylic acid dialkyl esters 5, in relatively
high yields. The structures of the products were deduced
from their elemental analyses and IR, 1H NMR and 13C
NMR spectra. The mass spectra of these compounds
displayed molecular ion peaks at the appropriate m/z
values.

The 1H NMR spectrum of 5a consisted of multiplet sig-
nals for the cyclohexyl rings (d 1.14–1.90), the NH–CH
resonance (d 2.67), two methylene groups (d 2.81–3.03,
AA 0BB 0 pattern) and two sharp singlets for the methoxy
groups (d 3.71 and 3.77). A multiplet was observed for
the second N–CH group (d 4.13) and a fairly broad sin-
glet (d 4.92) was observed for the NH group.

The 1H decoupled 13C NMR spectrum of 5a showed 17
distinct resonances. Partial assignment of these reso-
nances is given in Section 1.

Finally, the assigned structures were confirmed unam-
biguously by single crystal X-ray analysis of 5e (Fig.
1).15

The possible mechanism for formation of the pyrroles 5 is
indicated in Scheme 2. On the basis of the well established
chemistry of isocyanides,16,17 it is reasonable to assume
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Figure 1. Single crystal X-ray structure of 5e.
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that the initial formation of a reactive 1:1 intermediate by
the reaction of the isocyanide with the dialkyl acetylene-
dicarboxylate is followed by further reaction with the
isocyanide, as previously reported18,19 to generate the
bis-ketenimine intermediate 4. The bis-ketenimine inter-
mediate may then react with compound 3 and cyclize
under the reaction conditions to produce 5 (pathway A).

Compounds 5 were produced with cyclohexyl isocyanide
and 2,6-dimethylphenyl isocyanide, but the reaction
generated ketenimine 6, when tert-butyl isocyanide was
used perhaps due to steric effects (Scheme 2, pathway B).
In conclusion, we report an unexpected novel pseudo
four-component reaction leading to densely functional-
ized 2-alkylamino-pyrroles from simple and readily
available precursors under neutral conditions.
1. Experimental

1.1. Typical procedure illustrating the preparation of 1 0-
cyclohexyl-5 0-cyclohexylamino-2,5-dioxo-2,3,4,5-tetrahy-
dro-1 0H-[1,2 0]bipyrrolyl-3 0,4 0-dicarboxylic acid dimethyl
ester (5a)

To a magnetically stirred mixture of succinimide
(0.099g, 1.0mmol) and dimethyl acetylenedicarboxylate
(0.142g, 1.0mmol) in CH2Cl2 (20mL) was added cyclo-
hexyl isocyanide (0.220g, 2mmol) via syringe and the
resulting mixture was refluxed for 48h. The solvent
was removed under vacuum and the residue was washed
with diethyl ether and crystallized from n-hexane–
CH2Cl2 (4:1) to give cream crystals (0.331g, 72%). Mp
212–214 �C. IR (KBr) (mmax, cm

�1): 3420 (N–H), 1733
and 1728 (C@O), 1669 (C@C). 1H NMR (CDCl3,
Me4Si): dH 1.14–1.90 (20H, m, 10 · CH2), 2.67 (1H, m,
NH–CH), 2.81–3.01 (4H, m, AA 0BB 0 type,
2 · O@CCH2), 3.71 and 3.77 (6H, 2s, 2 · OCH3), 4.13
(1H, tt, 3JHH = 12.3Hz, 3JHH = 3.0Hz, N–CH), 4.92
(1H, br s, NH). 13C NMR (CDCl3, Me4Si): dC 25.3,
25.6, 26.6, 28.8, 32.9 and 34.0 (10 · CH2 of two cyclo-
hexyl rings and 2 · O@CCH2), 51.1 and 51.5
(2 · OCH3), 56.3 and 59.0 (2 · N–CH), 102.3, 110.7,
120.5 and 144.2 (2 · C@C), 163.8 and 165.7 (2 · C@O
ester), 176.8 (2 · C@O imide). MS (m/z, %) 459 (M+,
50), 377 (10), 345 (54), 263 (17), 212 (10), 83 (8), 55
(100). Anal. Calcd for C24H33N3O6 (459.43): C,
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62.73; H, 7.23; N, 9.14. Found: C, 62.59; H, 7.26; N,
9.21.

1.2. 1 0-Cyclohexyl-5 0-cyclohexylamino-2,5-dioxo-2,5-di-
hydro-1 0H-[1,2 0]bipyrrolyl-3 0,4 0-dicarboxylic acid
dimethyl ester (5b)

Yellow crystals (0.357g, 78%). Mp 217–219 �C. IR
(KBr) (mmax, cm�1): 3305 (N–H), 1730 and 1728
(C@O), 1673 (C@C). 1H NMR (CDCl3, Me4Si): dH
1.01–1.92 (20H, m, 10 · CH2), 2.69 (1H, m, NH–CH),
3.66 and 3.77 (6H, 2s, 2 · OCH3), 4.13 (1H, tt,
3JHH = 12.2Hz, 3JHH = 3.0Hz, N–CH), 4.98 (1H, d,
3JHH = 10.1Hz, NH), 6.91 (2H, s, CH@CH). 13C
NMR (CDCl3, Me4Si): dC 25.34, 25.41, 25.58, 26.63,
32.83 and 33.99 (10 · CH2 of two cyclohexyl rings),
51.17 and 51.59 (2 · OCH3), 56.28 and 59.04 (2 · N–
CH), 102.06, 111.72, 118.91 and 144.38 (2 · C@C),
135.28 (CH@CH), 163.4 and 165.64 (2 · C@O ester),
170.18 (2 · C@O imide). MS (m/z, %) 457 (M+,
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100), 426 (34), 375 (48), 343 (90), 311 (25), 261 (48),
55 (53). Anal. Calcd for C24H31N3O6 (457.41): C,
63.01; H, 6.82; N, 9.18. Found: C, 62.91; H, 6.76; N,
9.25.

1.3. 1 0-Cyclohexyl-5 0-cyclohexylamino-2,5-dioxo-2,3,4,5-
tetrahydro-1 0H-[1,2 0]bipyrrolyl-3 0,4 0-dicarboxylic acid di-
ethyl ester (5c)

White crystals (0.371g, 76%). Mp 155–157 �C. IR (KBr)
(mmax, cm

�1): 3315 (N–H), 1734 and 1724 (C@O), 1672
(C@C). 1H NMR (CDCl3, Me4Si): dH 1.03–1.92 (20H,
m, 10 · CH2), 1.25 and 1.29 (6H, 2t, 3JHH = 7.0Hz,
2 · CH3), 2.66 (1H, m, NH–CH), 2.40–2.68 (4H, m,
AA 0BB 0 type, 2 · O@CCH2), 4.11 (1H, tt,
3JHH = 12.2Hz, 3JHH = 3.0Hz, N–CH), 4.16 and 4.23
(4H, 2q, 3JHH = 7.0Hz, 2 · OCH2) 4.97 (1H, br s,
NH). 13C NMR (CDCl3, Me4Si): dC 14.2 and 14.42
(2 · CH3), 25.3, 25.6, 26.6, 28.8, 32.9 and 34.0
(10 · CH2 of two cyclohexyl rings and 2 · O@CCH2),
56.2 and 59.1 (2 · N–CH), 59.9 and 60.3 (2 · OCH2),
102.6, 111.1, 120.1 and 144.1 (2 · C@C), 163.5 and
165.4 (2 · C@O ester), 176.8 (2 · C@O imide). MS (m/z,
%) 487(M+, 70), 405 (10), 359 (71), 313 (10), 277 (19),
83 (12), 55 (100). Anal. Calcd for C26H37N3O6

(487.47): C, 64.05; H, 7.64; N, 8.62. Found: C, 63.91;
H, 7.56; N, 8.69.

1.4. 1 0-Cyclohexyl-5 0-cyclohexylamino-2,5-dioxo-2,5-di-
hydro-1 0H-[1,2 0]bipyrrolyl-3 0,4 0-dicarboxylic acid diethyl
ester (5d)

Cream crystals (0.365g, 75%). Mp 145–147 �C. IR (KBr)
(mmax, cm

�1): 3305 (N–H), 1735 and 1724 (C@O), 1671
(C@C). 1H NMR (CDCl3, Me4Si): dH 1.01–1.93 (20H,
m, 10 · CH2), 1.20 and 1.29 (6H, 2t, 3JHH = 7.1Hz,
2 · CH3), 2.67 (1H, m, NH–CH), 4.13 and 4.26 (4H,
2q, 3JHH = 7.1Hz, 2 · OCH2), 4.14 (1H, tt,
3JHH = 12.2Hz, 3JHH = 3.0Hz, N–CH), 4.98 (1H, 3d,
3JHH = 10.1Hz, NH), 6.91 (2H, s, CH@CH). 13C
NMR (CDCl3, Me4Si): dC 14.29 and 14.37 (2 · CH3),
25.37, 25.45, 25.63, 26.67, 32.87 and 34.02 (10 · CH2

of two cyclohexyl rings), 56.22 and 59.10 (2 · N–CH),
59.98 and 60.38 (2 · OCH2), 102.41, 112.28, 118.42
and 144.23 (2 · C@C), 135.30 (CH@CH), 163.22 and
165.35 (2 · C@O ester), 170.21 (2 · C@O imide). MS
(m/z, %) 485 (M+, 98), 440 (31), 403 (35), 357 (100),
311 (28), 275 (32), 174 (17), 83 (25), 55 (97). Anal. Calcd
for C26H35N3O6 (485.45): C, 64.32; H, 7.26; N, 8.65.
Found: C, 64.21; H, 7.20; N, 8.70.
1.5. 1 0-(2,6-Dimethyl-phenyl)-5 0-(2,6-dimethyl-phenyl-
amino)-2,5-dioxo-2,3,4,5-tetrahydro-1 0H-[1,2 0]bipyrrolyl-
3 0,4 0-dicarboxylic acid dimethyl ester (5e)

Colourless crystals (0.423g, 84%). Mp 255–257 �C. IR
(KBr) (mmax, cm�1): 3265 (N–H), 1726 and 1699
(C@O), 1661 (C@C). 1H NMR (CDCl3, Me4Si): dH
1.89 and 1.97 (12H, 2s, 4 · CH3), 2.42–2.67 (4H, m,
AA 0BB 0 type, 2JHH = 18.3Hz, 3JHH = 5.5Hz, 2 · CH2),
3.77 (6H, 2s overlapping, 2 · OCH3), 6.74–7.00 (6H,
m, arom.), 7.31 (1H, s, NH). 13C NMR (CDCl3, Me4Si):
dC 17.69 and 18.30 (4 · CH3), 28.28 (2 · CH2), 51.29
and 51.71 (2 · OCH3), 96.07, 111.91, 120.14, 126.43,
128.22, 128.32, 129.01, 131.84, 137.23, 137.78, 138.26
and 147.07 (arom. and 2 · C@C), 163.39 and 166.08
(2 · C@O ester), 175.55 (2 · C@O imide). MS (m/z, %)
503 (M+, 100), 472 (75), 373 (27), 274 (10), 105 (7), 55
(37). Anal. Calcd for C28H29N3O6 (503.44): C, 66.79;
H, 5.80; N, 8.34. Found: C, 66.71; H, 5.85; N, 8.40.
1.6. 1 0-(2,6-Dimethyl-phenyl)-5 0-(2,6-dimethyl-phenyl-
amino)-2,5-dioxo-2,5-dihydro-1 0H-[1,2 0]bipyrrolyl-3 0,4 0-
dicarboxylic acid dimethyl ester (5f)

Yellow crystals (0.406g, 81%). Mp 232–235 �C. IR
(KBr) (mmax, cm�1): 3260 (N–H), 1727 (C@O),
1662 (C@C). 1H NMR (CDCl3, Me4Si): dH 1.90 and
1.98 (12H, 2s, 4 · CH3), 3.72 and 3.78 (6H, 2s,
2 · OCH3), 6.63 (2H, s, CH@CH), 6.74–7.00 (6H, m,
arom.), 7.35 (1H, s, NH). 13C NMR (CDCl3, Me4Si):
dC 17.70 and 18.32 (4 · CH3), 51.32 and 51.75
(2 · OCH3), 96.99, 112.58, 118.76, 126.47, 128.18,
128.31, 128.99, 131.91, 134.70, 137.25, 137.77, 138.13
and 147.09 (arom. and 3 · C@C), 163.25 and 166.08
(2 · C@O ester), 169.12 (2 · C@O imide). MS (m/z, %)
501 (M+, 100), 470 (52), 454 (27), 373 (31), 105 (10).
Anal. Calcd for C28H27N3O6 (501.42): C, 67.06; H,
5.42; N, 8.38. Found: C, 66.91; H, 5.35; N, 8.44.
1.7. Dimethyl 2-[(tert-butylimino)methylene]-3-(2,5-di-
oxo-1-pyrrolidinyl)succinate (6a)

White crystals (0.276g, 85%). Mp 121–123 �C. IR (KBr)
(mmax, cm�1): 2065 (N@C@C), 1771, 1740 and 1706
(C@O). 1H NMR (CDCl3, Me4Si): dH 1.47 (9H, s,
CMe3), 2.73 (4H, s, 2 · CH2), 3.70 and 3.74 (6H, 2s,
2 · OCH3), 5.83 (1H, s, N–CH). 13C NMR (CDCl3,
Me4Si): dC 28.1 (2 · CH2), 29.37 (CMe3), 49.8 (N–
CH), 51.7 and 53.1 (2 · OCH3), 59.5 (C@C@N), 62.4
(CMe3), 163.0 (C@C@N), 167.6, 169.7 (2 · C@O of
two ester groups), 175.7 (2 · C@O of imide). MS (m/z,
%) 324 (M+, 2), 309 (6), 253 (25), 209 (10), 177 (27),
138 (10), 57 (100). Anal. Calcd for C15H20N2O6

(324.24): C, 55.56; H, 6.21; N, 8.63. Found: C, 55.46;
H, 6.17; N, 8.70.

1.8. Dimethyl 2-[(tert-butylimino)methylene]-3-(2,5-di-
oxo-2,5-dihydro-1H-pyrrol-1-yl)succinate (6b)

White crystals (0.281g, 87%). Mp 123–125 �C. IR (KBr)
(mmax, cm�1): 2060 (N@C@C), 1749, 1704 and 1670
(C@O). 1H NMR (CDCl3, Me4Si): dH 1.47 (9H, s,
CMe3), 3.70 and 3.74 (6H, 2s, 2 · OCH3), 5.79 (1H, s,
N–CH), 7.27 (2H, s, CH@CH). 13C NMR (CDCl3,
Me4Si): dC 30.18 (CMe3), 49.14 (N–CH), 51.77 and
53.12 (2 · OCH3), 60.18 (C@C@N), 62.48 (CMe3),
134.36 (CH@CH), 163.32 (C@C@N), 167.94, 169.61
(2 · C@O of two ester groups), 169.31 (2 · C@O of
imide). MS (m/z, %) 322 (M+, 5), 309 (6), 267 (28),
251 (75), 234 (10), 207 (90), 175 (98), 147 (12), 82 (97),
57 (99), 41 (100). Anal. Calcd for C15H18N2O6

(322.22): C, 55.90; H, 5.62; N, 8.69. Found: C, 55.78;
H, 5.57; N, 8.75.
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