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Abstract—The condensation of 1,3-dicarbonyl compounds with 2-azido-1,1-diethoxyethane and subsequent cyclization allowed an
efficient synthesis of a variety of pyrroles and 6,7-dihydro-1H-indol-4(5H)-ones.
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Pyrroles and indoles occur in numerous pharmacologi-
cally active natural and unnatural products. Functional-
ized pyrroles represent building blocks of natural
tetrapyrrole pigments, such as porphobilinogen or bili-
rubin, and of various other natural products and their
analogues.!> The pyrrole zomepirac possesses analgetic
and antiphlogistic activity and has found clinical appli-
cations.! Substituted oligopyrroles are of interest in
the field of material sciences.!? In addition, pentasubsti-
tuted pyrroles have proven to be potent hypocholesterole-
mic agents through the inhibition of HMG-CoA
reductase—a key enzyme in the biosynthesis of choles-
terol.!! For example, atorvastatin (Fig. 1) is used today
in the clinic for the treatment of hyperlipidemias.

Although a variety of methods for the synthesis of
pyrroles are known,>* the development of alternative
and more selective strategies is of considerable impor-
tance. A versatile concept for the synthesis of pyrroles
relies on the application of the aza-Wittig reaction.>¢
Some years ago, we reported the synthesis of functional-
ized pyrroles based on reactions of a-azidoketones with
1,3-dicarbonyl dianions.” 2-Azido-1,1-dimethoxyethane
and 2-azido-1,1-diethoxyethane represent new and
interesting synthetic equivalents of aminoacetaldehyde.
Recently, we have reported the synthesis of functional-
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Figure 1. Hypolipidemic agent atorvastatin (Lipitor®).

ized 2-alkylidenepyrrolidines and pyrroles by Lewis acid
catalyzed condensation of 2-azido-1,1-dimethoxyethane
with silyl enol ethers and 1,3-bis-silyl enol ethers and
subsequent intramolecular Staudinger-aza-Wittig reac-
tion.® These syntheses rely on the initial formation of
a carbon—carbon bond and subsequent cyclization by
formation of the carbon-nitrogen bond. Herein, we
report the synthesis of pyrroles by application of the
opposite strategy: the intermolecular Staudinger-
aza-Wittig reaction of 2-azido-1,1-diethoxyethane with
1,3-dicarbonyl compounds afforded N-(2,2-diethoxy-
ethyl)-3-aminoalk-2-en-1-ones, which were subsequently
transformed into functionalized pyrroles and 6,7-dihy-
dro-1H-indol-4(5H)-ones. All reactions proceeded with
very good chemo- and regioselectivity under mild condi-
tions. The reaction of 2-azido-1,1-diethoxyethane with
1,3-dicarbonyl compounds complements analogous
reactions of 2-amino-1,1-dialkoxyethanes.® Notably,
chemoselective transformations of 1,3-dicarbonyl
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compounds containing an additional electrophilic func-
tionality can be carried out (vide infra).

2-Azido-1,1-diethoxyethane (2) was prepared according
to the procedure reported for the synthesis of 2-azido-
1,1-dimethoxyethane.® ! The aza-Wittig reaction of 2
with methyl acetoacetate (1a) afforded the enamine 3a
(Scheme 1 and Table 2). Related enamines, prepared
from 2-amino-1,l1-dimethoxyethane, have been used
for the synthesis of isoquinolines.’® Optimal results were
obtained when the reaction was carried out using a small
excess of 2 (1.2 equiv) and of PPh; (1.3 equiv) (THF,
reflux, 8 h).!""!* The transformation of 3a into the
desired pyrroles 4a required a thorough optimization
of the conditions (Table 1).!* Treatment of a CH,Cl,
solution of 3a, prepared from methyl acetoacetate (1a),
with TFA at 0 — 20 °C afforded 4a in 22% yield (method
A). The yield was increased to 35% by treatment of a
CH,Cl, solution of 3a with Me;SiOTf at —78 — 20 °C
(method B). Heating of a DMSO solution of 3a at
150 °C for 24 h afforded 4a in 40% yield (method C);
the pyrrole 4a’ was isolated as a side-product in 19%
yield. Methods C and B were successfully employed for
the synthesis of the ester substituted pyrroles 4b—¢ and
4d-k, respectively (Table 2).

The reaction of 2 with acetylacetone (11) afforded 4-(2,2-
diethoxyethylamino)pent-3-en-2-one (3l), which was
transformed into the pyrrole 41 (68%) by method A.
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Scheme 1. Synthesis of 3a-m and 4a-m. Reagents and conditions: (i)
PPh;, THF, reflux, 8 h; (ii) see Tables 1 and 2. Method A: TFA
(10 equiv), CH,Cl,, 0 — 20 °C, 12 h; method B: Me;SiOTf (1 equiv),
CH,Cl,, —78 —20°C (for B-ketoesters) or 0 —20°C (for 1,3-

The application of method C gave 41 in 60% vyield;
besides, a small amount of pyrrole 41’ was isolated
(5%). The TFA-mediated cyclization of 3m, prepared
from benzoylacetone (1m), afforded the 3-benzoylpyr-
role 4m in 82% yield (method A).'* The use of Me;SiOTf
(0 — 20 °C, method B) and heating of a DMSO solution
of 3m (method C) also proved to be successful (Table 1).
Reflux of neither 3a nor 3m in other solvents such as,
THF, CH;CN, or 1,4-dioxane afforded the correspond-
ing pyrroles.

The enamines 6a-d were prepared by reaction of 2 with
cyclohexane-1,3-diones 5a-d (Scheme 2 and Table 3).
Treatment of 6a—d with TFA afforded the 6,7-dihydro-
1 H-indol-4(5H)-ones 7a-d in very good yields (method
A). Indole 7a was also prepared by application of
method C.'°

In summary, we have reported a new and efficient
approach to a variety of pyrroles and 6,7-dihydro-
1 H-indol-4(5H)-ones based on aza-Wittig reactions of
2-azido-1,1-diethoxyethane and subsequent cyclizations.

Table 2. Yields of condensation products (3) and pyrroles (4)

3,4 R! R? % (3)* % (4)* Method?
a OMe H 86 40° C
b OEt H 89 58 C
c O(CH,),OMe H 89 51 C
d OCH,CH=CH, H 90 37 B
e OMe Me 82 39 B
f OEt Et 75 55 B
g OEt nHex 84 58 B
h OEt nOct 86 57 B
i OEt nNon 91 54 B
i OEt nDec 91 56 B
k OEt (CH,)sCl 83 47 B
1 Me H 98 68 A
60° C
m  Ph H 97 82 A

#Yields of isolated products.

® Besides, 4a’ was isolated in 19% yield.

¢ Besides, 41’ was isolated in 5% yield.

9 Method A: TFA, CH,Cls; method B: Me;SiOTT (1.0 equiv), CH,Cly;
method C: DMSO, 150 °C.
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diketones), 12 h; method C: DMSO, 150 °C, 24 h. 4a' 41
Table 1. Optimization for the synthesis of pyrroles 4a and 4m
Substrate Solvent t (h) Conditions Conversion® (%)
3a CH,Cl, 12 TFA, 20 °C Decomposition
3a CH,Cl, 12 TFA, 0 — 20 °C 22
3a CH,Cl, 12 Me;SiOTf, —78 — 20 °C 35
3a DMSO 24 150 °C 40°
3m CH,Cl, 12 TFA, 0 — 20 °C 82
3m CH,Cl, 12 Me;SiOTf, 0 — 20 °C 79
3m DMSO 24 150 °C 72

#Yields of isolated products.
® Besides, 4a’ was formed, see Table 2 footnote.
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