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Abstract—Pyrrole bis-coumarins as fluorescent probes have been synthesized from 1,4-dicoumarinyl-1,4-diones, themselves pre-
pared in moderate to high yields in one step from the corresponding a-bromo-3-acetylcoumarins using Zn—I,. The mechanism of
the reaction can be explained through a Wurtz-like self-condensation of a-bromo-3-acetylcoumarins.

© 2007 Elsevier Ltd. All rights reserved.

1,4-Diketones are important intermediates in the synthe-
sis of five-membered carbocyclic! and heterocyclic’ com-
pounds, including the derivatives of terthiophene and
other conjugated, five-membered heterocycles, which
are being intensively investigated at present as mono-
mers for electroconductive polymers.> Amongst the
most convenient methods for the synthesis of symmetri-
cal and asymmetrical 1,4-diketones,*!” the Michael-
Stetter addition of aldehydes to o,B-unsaturated
ketones,® 12 and alkylation of stabilised alkaline metal
enolates,'? 1> enamines'>-!® and tin enolates with o-halo-
carbonyl compounds are worthy of note. The potential
of coumarins to act as fluorescent ion indicators in bio-
logical systems and in the study of ultrafast processes
has attracted significant attention in recent years.'$ 20
In addition, 3-heterocyclic coumarins with interesting
photophysical properties have been employed as optical
brighteners.?! It was hence contemplated that a bis-cou-
marinyl heterocyclic system would be a potential
fluorophore.

In this Letter, we present a new and simple procedure for
the generation of symmetrical 1,4-diketones of couma-
rins directly from the corresponding a-bromo-3-acetyl
coumarins and their conversion into nitrogen hetero-
cycles. The reaction of a-bromo-3-acetylcoumarins 122
with zinc dust in the presence of a small amount of I,
at 80 °C gave the corresponding 1,4-diketocoumarins 2
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(Wurtz-like condensation products) in moderate to high
yields. These underwent Paal-Knorr synthesis to
pyrroles 3 (Scheme 1, Table 1). The synthesis of 2 and
similar compounds via different methods have been
described, but in only one report?* was the Zn—Cu
couple (10 mol equiv) used in the presence of Nal
(10 mol equiv). The reaction was carried out at high tem-
peratures (90 and 170 °C), and resulted in 32% and 40%
yields, respectively. In our method, zinc dust was used as
the reagent in the presence of a small amount of iodine.??
The reactions were performed at lower temperature
(80 °C) in 12 h and resulted in higher yields of 1,4-dike-
tones 2 (Table 1).

The very mild and almost neutral reaction conditions
allowed us to obtain mostly good results using different
starting substrates containing halogen or methoxy func-
tional groups. The structures of 1,4-diketocoumarins 2
and pyrroles 3 were elucidated from spectral data
(NMR, IR, and MS). Reductive removal of functional
groups from a-substituted carbonyl compounds is well
known and a concerted mechanism has been suggested
for this process.?* The formation of 1,4-diketones can
be reasonably explained by the intermediacy of the
enolate-like anion 4 formed by the initial reduction of
o-bromoketone with zinc. Subsequent attack of 4 at
the a-carbon of a second molecule of 1 gave the
Wurtz-type condensation products (Scheme 2).

The method described in this Letter is useful for the
preparation of 2,5-disubstituted pyrrolyl bis-couma-
rins via the 1,4-diketone intermediates under mild
conditions.
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Scheme 1.

Table 1. Synthesis of compounds 2a-3f

Entry R Mp (°C) Yield (%)
2a H 118 72
2b 6-Methoxy 113 65
2¢ 6-Chloro 133 62
2d 6-Bromo 138 65
2e 6,8-Dibromo 157 58
2f 7,8-Benzo 142 63
3a H 143 87
3b 6-Methoxy 157 85
3c 6-Chloro 152 88
3d 6-Bromo 148 85
3e 6,8-Dibromo 172 84
3f 7,8-Denzo 162 82
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Scheme 2.

Typical procedure for the synthesis of 2a-2f: To a stirred
solution of 1 (3 g, 15 mmol) in anhydrous THF (30 mL)
was added Zn dust (1g, 15mmol) and a catalytic
amount of I,. The reaction mixture was heated at
80 °C for 12 h. After cooling to rt., the insoluble materi-
als were separated by filtration. The filtrate was diluted
with H,O and extracted with CHCl; (3 x 100 mL). The
combined CHCI; extracts were washed with H,O and
dried (MgSO,). After removal of the solvent, recrystalli-

sation of the crude product from CHCI;-n-hexane
(70:30) gave 1,4-diketones 2. Representative spectral
data of compound 2a. Brown needles; mp 118 °C. IR
(KBr): 1724, 1704 cm™'. "H NMR (300 MHz, CDCl;):
5 =3.64 (s, 4H), 7.42 (m, 8H), 8.04 (s, 2H). 3C NMR
(75 MHz, CDCl3): 6 =167.60, 162.41 148.65, 145.14,
145.09 138.05, 131.16, 131.12, 130.08 130.04, 36.13,
MS (EI) m/z 374.12 (M*, 100%). Anal. Calcd
for C,,H 4O04: C, 70.59; H, 3.77. Found: C, 70.67; H,
3.79.

Typical procedure for the synthesis of 3a-3f: To a sus-
pension of 1,4-diketocoumarin 2 (0.02 mol) in a absolute
ethanol, aniline (0.01 mol) was added and the reaction
heated at reflux on a water bath for 2 h in the presence
of a catalytic amount of acetic acid. The solvent was re-
moved by rotary evaporation and the residue was
washed with a 10% aqueous solution of NaHCO; and
recrystallized from ethanol. Representative spectral data
of compound 3a. Pale yellow solids; mp 143 °C. IR
(KBr): 1720cm™'. 'H NMR (300 MHz, CDCl;):
5—580 (s, 2H), 7.34 (m, 5H), 7.62 (m, 8H) 8.42 (s,

H). >C NMR (75 MHz, CDCls): = 169.72, 156.06,
159 03, 147.83, 144.87, 144 94, 143.81, 141.78, 140.08,
138.98, 132.09, 131.93, 131.12 130.88, 130.62, MS (EI)
m/z 431.31 (M, 100%). Anal. Caled for CogH;7;NOy:
C, 77.95; H, 3.97; N, 3.25. Found: C, 77.91; H, 4.02;
N, 3.32.
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