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Extending the Scope of a Known Furan Synthesis— A Novel Routeto

1,2,4-Trisubstituted Pyrroles
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Abstract: 2-(Acylmethylene)propanediol diacetates, which cyclize
readily under acidic conditions to give furans (76-84%) react with
primary amines under palladium catalysisto give 1,2,4-trisubstitut-
ed pyrroles in moderate to good yields (39-53%). When glycine
methyl ester is used as the amine, substituted methyl pyrrol-1-ylac-
etates (31-82%) are obtained.
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Probably the best known access to furans and pyrroles is
by the Paal-K norr synthesis.! 1,4-Dicarbonyl compounds
are cyclized under acid catalysis and with dehydration to
give furans; in the presence of primary amines or anmo-
nium salts, the corresponding pyrroles are formed. By a
similar mechanism, but under much milder conditions,
furans are also formed under acid catalysis from a,3-un-
saturated y-hydroxyketones of type 1 (Scheme 1).? Start-
ing from readily avail able dihydroxyacetone diacetate 3,3
we have extended a known access* to functionally substi-
tuted furans 6 and devel oped an analogous, yet palladium-
catalyzed reaction leading to pyrroles.
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Schemel Furansfrom o,p-unsaturated y-hydroxyketones

In this extension of the furan synthesis, o,3-unsaturated y-
acetoxyketones 5a—c which were obtained by Horner—
Wadsworth—Emmons ol efination of 1,3-diacetoxy-2-pro-
panone (3) with B-ketophosphonates 4a—c in 62-83%
yield, were used as precursors (Scheme 2, Table 1).5

Upon treatment of the 3,3-bis(acetoxymethyl)-substituted
enones 5 with hydrochloric acid in methanol at 50 °C for
30-60 minutes, the corresponding 2-substituted 4-hy-
droxymethylfurans 6a—c were formed in 76-84% yield.
This reaction involves the hydrolysis of the two acetoxy
moieties to give the bisallylic alcohol which, under the
acidic conditions, formsthe furan. Formation of the 4-flu-
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Scheme 2 Horner—-Wadsworth—-Emmons ol efination of 1,3-diace-
toxy-2-propanone (3) and subseguent cyclization to 2,4-disubstituted
furans. For details see Table 1.

Table 1 Horner—Wadsworth—Emmons Olefination of 1,3-Diace-
toxy-2-propanone (3) with p-K etophosphonates 4a—c and Subsequent
Cyclization of Products 5a—c to Furans 6a—c

R Reaction Product Yield Reaction Product Yield

Time[h] (%) Time[h] (%)
Me 25 5a 76 1 6a 76
Et 18 5b 83 1 6b 79
4-F-CH, 48 5¢ 62 0.5 6c 84

orophenyl-substituted furan 6c proceeded much faster
than the formation of the methyl- and ethyl-substituted
furans 6a,b.

In afirst attempt to further extend the scope of this reac-
tion to the synthesisof pyrroles, the simple addition of pri-
mary amines and ammonium salts to precursors 5a—c was
tested under acidic and basic conditions. But no trace of a
pyrrole could be detected in any case. Since pyrroles can
only be formed after nucleophilic substitution of at least
one of the allylic acetoxy groups in 5 by an amine, and
this kind of substitution is generally catalyzed by palla-
dium(0),%” compounds 5a,c were treated with two equiv-
alents of benzylamine and 5 mol% of tetrakis(tri-
phenylphosphine)palladium in refluxing tetrahydrofuran
to give the desired pyrroles 7a,c as orange oils in 53 and
39% yield, respectively (Scheme 3, Table 2).°

The low yields of isolated products must be partly dueto
the low stability of the pyrroles 7a,c towards air and mois-
ture, aswasindicated by the appearance of deeply colored
zones on the flash-chromatography column. The chroma-
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Scheme 3 Synthesis of pyrroles 7a,c from enones 5a,c. For details
see Table 2.

tography therefore had to be performed with a column as
short as possible, longer retention of the compounds 7a,c
on the column resulted in even lower yields.

Table 2 Reaction of Precursors 5 with Benzylamineto Yield Pyr-
roles7

Starting R Reaction Product Yield
Material Time[h] (%)
5a Me 10 7a 53
5¢c 4-F-C¢H, 3 7c 39

The attempted conversions of 5a,c with benzylamine to
7a,c did not succeed at ambient temperature. In the case
of 5a, no product was formed, while the treatment of 5c
with benzylamine at ambient temperature gave the Micha-
el adduct 8 as the only product in 53% yield (Scheme 4).
The same reaction took place in the absence of the palla-
dium catalyst. Since this Michael addition is reversible,
treatment of 8 with tetrakis(triphenylphosphine)palladi-
um at 65 °C also gave the pyrrole 7c.

P-CeH,F p-CeHsF
o} BnNH,, THF AcO (o}
I —_—
AcO OAc 25°C,3h OAc
NHBn
53%
5¢c 8

Scheme4 Michael addition of benzylamine to 5¢c

The reaction of the bisallylic diacetates 5a—c with glycine
methyl ester (9) in the presence of a palladium catalyst
gave the corresponding methyl 2-pyrrol-1-ylacetates
10a— in 31-82% yield (Scheme 5, Table 3). In this case,
the best precatalyst system turned out to be bis(dibenz-
ylideneacetone)palladium with triphenylphosphine.

O
Pd(dba),, AcO
PPh, THF
| N come T h
AcO OAc N R
31-82%
CO,Me
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Scheme 5 Synthesis of substituted pyrrol-1-ylacetates 14. For de-
tailssee Table 3.

While the reactions of 5a,b with glycine methyl ester pro-
ceeded cleanly at room temperature to give the pyrroles
10a,b in 80% and 82% yield, that of precursor 5c¢ required
atemperature of 65 °C, and led to amore compl ex product
mixture, from which the pyrrole 10c could be isolated in
only 31% yield.> At room temperature, again, only the
Michael adduct of methyl glycinate to 5 was formed.

Table 3 Reaction of Bisallylic Diacetates 5 with Methyl Glycinate
(9) to Pyrroles 10a—

Enone R Conditions Product  Yield (%)
5a Me 25°C, 2d 10a 80
5b Et 25°C, 2d 10b 82
5c 4-F-CegH, 65°C,15h 10c 31

The possibility to incorporate the amino function of an
amino acid ester into apyrrole ring gives accessto aclass
of compounds known as pyralic acids, which recently
have gained attention for their antibiotic properties.®
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2.12 (s, 3H), 4.93 (s, 2 H), 4.98 (s, 2 H), 5.99 (s, 1 H, 3-H),
6.67 (br s, 1 H, 5-H), 7.01-7.04 (m, 2 H), 7.26-7.32 (m,

3 H). 3C NMR (62.9 MHz, CDCl,, DEPT): § = 11.94 (+, 2-
CH,), 21.27 (+, COCH,), 50.36 (-), 60.42 (-), 108.04 (+, C-
3), 117.13 (Cyus C-4), 121.06 (+, C-5), 126.47 (+), 127.42
(+), 128.71 (+), 129.57 (Cyar, C-2), 137.77 (Cya), 171.25
(Cquar» COME). MS (EI, 70 €V): mVz (%) = 243(70) [M"],
201(25), 184(43) [M*—OCOMg€], 172(12), 91(100) [C,H,"].
Methyl (4-Acetoxymethyl-2-methylpyrrol-1-yl)acetate
(10a): IR(film): 3443, 2952, 1732 (CO), 1666, 1525, 1436,
1419, 1368, 1347, 1232, 1158, 1141, 1023, 943, 798, 731,
694, 658 cnL. *H NMR (250 MHz, CDCl,): & = 2.05 (s,

3 H, COCHj3), 2.15 (s, 3H, 2-CHj), 3.77 (s, 3H, CO,CH,),
4.52(s,2H,N-CH,),4.94 (s,2 H, CH,0Ac),5.97 (brs, 1 H,

(6)

@)
®

3-H), 6.63 (br s, 1 H, 5-H). 3C NMR (62.9 MHz, CDCl,,
DEPT): § = 11.63 (+, 2-CH,), 21.20 (+, COCH,), 48.03 (-,
N-CH,), 52.51 (+, CO,CH,), 60.21 (—, CH,OAc), 108.32 (+,
C-3), 117.80 (Cyua» C-4), 121.30 (+, C-5), 129.72 (Cyya, C-
2), 168.99 (Cya), 171.25 (Cya).
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