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ABSTRACT

1,2,3,5-Tetrasubstituted pyrroles can be synthesized in good yields in a one-pot, three-step, four-component process by a coupling−isomerization−
Stetter reaction−Paal−Knorr sequence of an electron-poor (hetero)aryl halide, a terminal propargyl alcohol, an aldehyde, and a primary amine.
The structures of the 1,4-diketone 4f and the pyrrole 6b were additionally supported by X-ray structure analyses.

One-pot multicomponent processes have recently gained a
considerable and steadily increasing academic, economic, and
ecological interest because they address very fundamental
principles of synthetic efficiency and reaction design.1

Additionally, the prospect of extending one-pot reactions into
combinatorial and solid-phase syntheses1c,2 promises mani-
fold opportunities for developing novel lead structures of
pharmaceuticals, catalysts, and even novel molecule based
materials. With a palladium-copper-catalyzed domino cross-
coupling-isomerization sequence of electron-poor halogen-
substitutedπ-systems and 1-aryl prop-2-yn-1-ols furnishing
1,3-di(hetero)aryl enones (i.e., chalcones)3 we have recently
found a very efficient entry to three-component one-pot
syntheses of pyrrolidines,3 pyrimidines,4 and 1,5-benzohet-
eroazepines5 (Scheme 1).

Considering the mild reaction conditions, quite a number
of generic structures of pharmaceutically relevant heterocy-

clic classes can be readily accessed. Among numerous
heterocycles the pyrrole core has always been one of the
most prominent since it constitutes important classes of
natural products,6 synthetic pharmaceuticals,6c and electrically
conducting materials such as polypyrroles.7 In particular,
1,2,3,5-tetrasubstituted pyrroles are highly biologically active
and have proven to display antibacterial,8 antiviral (also anti-
HIV-1),9 antiinflammatory,10 and antioxidant11 activity and
to inhibit cytokine-mediated diseases.12 Thus, applying our
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Scheme 1. One-Pot Syntheses of Pyrazolines, Pyrimidines,
and Benzoheteroazepines Based upon a Coupling-Isomerization

Sequence
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coupling-isomerization concept toward the synthesis of
pyrroles it can be easily envisioned that 1,2,3,5-substituted
pyrroles should be accessible by combining a Stetter reaction,
furnishing the 1,4-diketones,13 and a subsequent Paal-Knorr
cyclocondensation (Scheme 2).6a,b,dHere, we wish to com-

municate first synthetic studies on a novel one-pot pyrrole
synthesis based upon a coupling-isomerization-Stetter-
Paal-Knorr sequence.

First, we tested the compatibility of the Stetter addition
of aldehydes to the in situ formed chalcone functionality.
Thus, we submittedp-bromo benzonitrile (1a) or 2-bromo
pyridine (1b), (hetero)aryl propynols2,14 and after some
reaction time (hetero)aryl aldehydes3 in the presence of a
thiazolium salt to the reaction conditions of the Sonogashira

coupling in boiling triethylamine.15 In all cases the beige to
yellow 1,2,4-tri(hetero)aryl-1,4-diketones4 were obtained in
75-88% yield (Table 1).16

The NMR spectroscopic data support the formation of the
1,4-diketones, in particular, in the1H NMR spectra of4 by
the indicative appearance of the ABM-spin system with the
characteristic geminal and vicinal coupling constants for the
methylene group resonances (2J ) 18.0,3J ) 4.3, 3J ) 9.6
Hz) and the vicinal coupling constants for the methine
resonances (3J ) 4.4,3J ) 9.6 Hz). Furthermore, the structure
of 4 was unambiguously supported by an X-ray crystal
structure analysis (Figure 1) of compound4f17 (Table 1, entry
6).

Finally, we have combined the one-pot coupling-isomer-
ization-Stetter reaction with the fourth step, i.e., a Paal-
Knorr pyrrole reaction for designing a novel four-component
pyrrole synthesis. Thus, applyingp-bromo benzonitrile (1a)
and 1-phenyl propyn-1-ol (2a) to the conditions of the
chalcone formation, after some reaction time adding (hetero)-
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mmol) of 1-phenyl propyn-1-ol (2a), 14 mg (0.02 mmol) of Pd(PPh3)2Cl2,
and 2 mg (0.01 mmol) of CuI in 5 mL of degassed triethylamine under
nitrogen was heated to reflux temperature for 16 h. After the mixture cooled
to room temperature, 115 mg (1.20 mmol) of furfural (3d) and 57 mg (0.2
mmol) of the thiazolium salt were added, and the reaction mixture was
heated to reflux temperature for 8 h. After being allowed to cool the mixture
was filtered, solvents were removed from the filtrate in vacuo, and the
residue was recrystallized from ethanol to give 261 mg (81%) of analytically
pure4d as light yellow crystals, mp 179°C. 1H NMR (CDCl3, 300 MHz):
δ 3.36 (dd,J ) 4.3, 18.0 Hz, 1 H), 4.13 (dd,J ) 9.6, 18.0 Hz, 1 H), 5.21
(dd, J ) 4.4, 9.6 Hz, 1 H), 6.53 (dd,J ) 1.7, 3.6 Hz, 1 H), 7.27 (m, 1 H),
7.42-7.63 (m, 8 H), 7.96 (d,J ) 7.2 Hz, 2 H).13C NMR (CDCl3, 75
MHz): δ 42.5 (CH2), 48.8 (CH), 111.8 (Cquat), 112.9 (CH), 118.8 (CH),
118.9 (Cquat), 128.4 (CH), 129.0 (CH), 129.5 (CH), 133.0 (CH), 133.8 (CH),
136.4 (Cquat), 143.9 (Cquat), 147.2 (CH), 152.2 (Cquat), 186.9 (Cquat), 197.3
(Cquat). MS (70 eV,m/z %): 329 (M+, 17), 224 (M+ - C6H5CO, 11), 105
(C6H5CO, 40), 95 (C4H3CO, 100). Anal. Calcd for C21H15NO3 (329.4): C,
76.58; H, 4.59; N, 4.25. Found: C, 76.54; H, 4.69; N, 4.19.

(16) All compounds have been fully characterized spectroscopically and
by correct elemental analysis or HRMS, respectively

Scheme 2. Retrosynthetic Concept for a Four-Component
Pyrrole Synthesis

Figure 1. ORTEP plot of compound4f.
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aryl aldehydes3 in the presence of a thiazolium salt to the
reaction mixture, and finally adding primary amines5 or
ammonium chloride in the presence of acetic acid, the
pyrroles6 were formed in moderate yields as a result of a
coupling-isomerization-Stetter-Paal-Knorr sequence (Table
2).18,16

The formation of the pyrroles is strongly supported by the
NMR spectra, in particular, in the13C NMR spectra of6 by
the indicative appearance of the quaternary C-3 resonance
at δ 108 and the C-4 methine carbon signal atδ 109 of the
pyrrole core. In addition, the structure of6 was unambigu-

ously supported by an X-ray crystal structure analysis (Figure
2) of compound6b (Table 2, entry 2).17

In conclusion, we could show that the mild reaction
conditions of the coupling-isomerization sequence of electron-
poor (hetero)aryl halides with 1-aryl propargyl alcohols
giving rise to chalcones can be extended to a one-pot three-
component synthesis of 1,4-diketones (Stetter reaction) and,
even further, to a one-pot four-component pyrrole synthesis
in the sense of a coupling-isomerization-Stetter-Paal-
Knorr sequence. Further studies directed to extend these one-

Table 1. Three-Component 1,4-Diketone Synthesis Based upon a Coupling-Isomerization-Stetter-Acylation Sequencea

a Reaction conditions: 1.0 equiv of the (hetero)aryl halide1, 1.05 equiv of the propargyl alcohol2, 0.02 equiv of (Ph3P)2PdCl2, 0.01 equiv of CuI, 1.2
equiv of the aldehyde3, 0.2 equiv of the thiazolium salt, and NEt3 (5 mL/mmol halide).b Yields refer to isolated yields of compounds4 after recrystallization
estimated to be 95% pure as determined by NMR spectroscopy and elemental analysis.
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pot heterocycle syntheses to pharmaceutically and electroni-
cally interesting systems such as oligopyrroles are currently
underway.
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(17) Crystallographic data (excluding structure factors) for the structures
reported in this paper have been deposited with the Cambridge Crystal-
lographic Data Centre as supplementary publication no. CCDC-167866 (4f)
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charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ,
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(18)Typical Procedure (6b). (Table 2, entry 2) According to ref 15
the coupling-isomerization-Stetter sequence was performed with 364 mg
(2.00 mmol) of1a, 278 mg (2.1 mmol) of2a, 44 mg (0.04 mmol) of Pd-
(PPh3)2Cl2, 4 mg (0.02 mmol) of CuI, 230 mg (2.40 mmol) of3d, and 114
mg (0.4 mmol) of thiazolium salt in 4 mL of triethylamine. After the mixture
cooled, 857 mg (8 mmol) of benzylamine (5a) and 2.5 mL of acetic acid
were added, and the mixture was heated to reflux temperature for 5 d. After
cooling and aqueous workup the residue was chromatographed on silica
gel (ethyl acetate/hexanes 1:6), and the residue was recrystallized from
ethanol to give 444 mg (55%) of analytically pure6b as colorless crystals,
mp 104-105°C. 1H NMR (CDCl3, 300 MHz): δ 5.14 (s, 2 H), 6.15 (d,J
) 3.1 Hz, 1 H), 6.36 (dd,J ) 1.8, 3.2 Hz, 1 H), 6.55 (s, 1 H), 6.81-6.84
(m, 2 H), 7.18-7.25 (m, 3 H), 7.31-7.36 (m, 7 H), 7.43 (d,J ) 1.4 Hz,
1 H), 7.50 (d,J ) 8.4 Hz, 2 H).13C NMR (CDCl3, 75 MHz): δ 48.9
(CH2), 108.8 (Cquat), 109.2 (CH), 111.2 (CH), 112.1 (CH), 119.4 (Cquat),
122.3 (Cquat), 124.6 (Cquat), 125.9 (CH), 127.1 (CH), 127.6 (CH), 127.9
(CH) 128.5 (CH), 128.55 (CH), 129.1 (CH), 132.1 CH), 132.5 (Cquat), 137.4
(Cquat), 138.6 (Cquat), 140.6 (Cquat., 143.0 (CH), 145.1 (Cqua.). MS (70 eV,
m/z(%): 400 (M+, 86), 309 (M+ - C6H5CH2, 100), 91 (C6H5CH2, 32).
Anal. Calcd for C28H20N2O (400.5): C, 83.98; H, 5.03; N, 7.00. Found:
C, 83.88; H, 4.96; N, 6.97.

Table 2. Four-Component Pyrrole Synthesis Based upon a
Coupling-Isomerization-Stetter-Paal-Knorr Sequencea

a Reaction conditions: 1.0 equiv of the aryl halide1a, 1.05 equiv of the
propargyl alcohol2a, 0.02 equiv of (Ph3P)2PdCl2, 0.01 equiv of CuI, 1.2
equiv of the aldehyde3, 0.2 equiv of the thiazolium salt, NEt3 (2.5 mL/
mmol halide), 1.2 equiv of the amine5, and acetic acid (2.5 mL/5 mL
amine).b Yields refer to isolated yields of compounds6 after recrystalli-
zation estimated to be 95% pure as determined by NMR spectroscopy and
elemental analysis.c The acetylation occurred under the reaction conditions.
d Nitrogen was transferred from glycine amide.

Figure 2. ORTEP plot of compound6b.
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