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1-Triflylpyrroles as efficient dienophiles in normal electron demand
[4+2] cycloaddition reactions under pressuref
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1-Triflylpyrroles bearing acetyl group(s) on position 3, or 2 and
4, are efficient dienophiles in normal electron demand Diels—
Alder reactions activated by high pressures and Lewis acids.

In spite of its age, the [4+2] cycloaddition process between a diene
and a dienophile remains one of the most attractive and selective
chemical transformations for the construction of (poly)cycles.'
Perhaps because of the aromatic stabilization of pyrrole 1, there
are very few reports of pyrrole derivatives acting as dienophile in
inverse electron-demand cycloaddition reactions (Fig. 1).> In many
intermolecular cases, yields were at best modest, and, expectedly,
raised when the intramolecular variant was carried out. The only
report on the possible involvement of pyrrole as dienophile in
normal electron-demand [4+2] processes was published fifteen years
ago.® Thus, N-benzenesulfonylpyrrole 2, bearing an acetyl group
on carbon 3 of the heterocycle, was found to react with isoprene to
deliver the expected cycloadducts 3 as a 1 : 2 regioisomeric mixture.
The merit of such a transformation lies mainly in the fact that, in
the case of a carbon-centered electron withdrawing substituent, the
produced quaternary center on position 3 keeps the product from
recovering aromaticity. However, harsh conditions (195 °C, 72 h)
had to be used, conversion was not complete (34%) and isolated
yields were low (17%), a reflection of the strong aromatic character
of the substrate. This forbade the practical development of the
synthetic approach and its use in the total synthesis of natural and
unnatural products encompassing a S-membered nitrogenous
heterocycle (e.g. tazettine 4). This result nevertheless pointed out
the feasibility of such a reaction.

High pressures have been shown to constitute a powerful activa-
tion method of Diels-Alder processes, especially when conducted
in the presence of a Lewis acid.* However, reacting 1-tosyl-3-
acetylpyrrole (Sa) and zinc chloride (0.1 equiv.) with either 2,3-
dimethylbuta-1,3-diene (DMB) (6) or cyclohexa-1,3-diene (7) under
12 kbar led to insufficient results (Table 1, entries 1 and 2).
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Fig. 1 Structures of pyrroles 1-2, of cycloadduct 3 and of tazettine 4.

1 Electronic Supplementary Information (ESI) available: General infor-
mation, procedures and copies of NMR spectra. See http://www.rsc.org/
suppdata/cc/b4/b414978¢/
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Interestingly, the major diastereomer produced in the case of diene
7 is the one defined as exo, ie. corresponding to the smaller steric
hindrance generated by the acetyl group (when compared to the
N-sulfonyl heterocycle) in the transition state.’

On the assumption of poorly reactive pyrrole requiring more
than two electron withdrawing groups to generate a usable
cycloaddition process, it was decided to study the dienophilic
behavior of a pyrrole trisubstituted on positions 1, 2 and 4.°
Indeed, the documented interaction between 2.,4-biscarbomethoxy-
furan and Danishefsky’s diene 8 was shown to involve the
4,5 carbon—carbon double bond in a complete regioselective
fashion.”

Thus the known and easily accessible 2.4-diacetyl-1-p-tosylpyr-
role (5b) was singled out as the best available candidate to pursue
the present study.’ Thermal conditions in the presence of the
same Lewis acid led to disappointing results and the desired
cycloadduct 9b was isolated in low yield (entry 3). However,
complete site selectivity and chemoselectivity were observed as no
other alternate cycloadduct or bisadduct could be detected.
Conducting the reaction under a pressure of 12 kbar, at 50 °C
and in the presence of one full equivalent of the same Lewis acid
led to an optimised yield of 48% (entry 4). The use of cyclohexa-
1,3-diene (7) led to essentially the same result, the expected
cycloadducts 10b and 11b being isolated only in moderate yield
(entry 5).

Replacing the p-tosyl group with a trifluoromethylsulfonyl
(triflyl) unit, a more powerful activating group, resulted in a
dramatic increase of reactivity of the pyrrolyl carbon—carbon
double bond." Thus, placing 3-acetyl-1-triflylpyrrole (5¢) and
dimethylbutadiene 6 under a pressure of 12 kbar and in the
presence of 10% mol ZnCl, led only to a 31% conversion after 36 h;
the conversion became however nearly quantitative when the same
reaction was carried out under 16 kbar (entry 6).!! The desired
cycloadduct 9¢ was then isolated in a gratifying 80% yield. A
complete conversion was also obtained with cyclohexa-1,3-diene
(7) and a 13 : 87 mixture of endolexo cycloadducts 10¢ and 11¢
were isolated in 49% yield (entry 7).'?

The positive impact of the triflyl substituent on the reactivity of
pyrrole derivatives was next studied on 2,4-diacetylpyrrole (14).'*
The thermal reaction between 5d and diene 6 (130 °C) in the
presence of ZnCl, led to degradation of the material, indicative of
the sensitivity of the substrate. Activation by high pressures proved
once more to be valuable. Compressing a methylene chloride
solution of 5d and 6 equivalents of DMB at 50 °C for 72 h in the
presence of ZnCl, led to a complete conversion and a regioselective
formation of adduct 9d, which was isolated in 80% yield (entry 8).
The beneficial effect of the triflyl group is once again illustrated
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Table 1 Cycloaddition reactions between pyrroles 5 and dienes 6-8
Q Me. O Me._O O OMe
Me y OMe Me 7 Me 4
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) y | NI e NI NI
RZ_SO2 e OSIMe3 RZ_SOZ RZ__SOZH RZ__SOZH
5 6 7 8 9 10: 1R*, 7S* (endo) 12: 4R* (endo)
11: 18*, 7R* (ex0) 13: 45* (exo)

Entry Pyrrole R' R? Diene (equiv.)  P/kbar  7/°C* cat.’ t/h  Conv. (%) Product endolexo  Yield (%)
1 5a H p-CHy 6(6) 12 50 ZnCl, 36 Traces 9a — —d
2 5a H p-CH, 7(6) 16 50 ZnCl, 36 50 10a/1la  5:95 25
3 5b Ac  p-CH, 6(12) 1073 130 ZnCl, 168 38 9b — 19
4 5b Ac  p-CeHy 6(6) 12 50 ZnCL,* 72 59 9b — 48
5 5b Ac  p-CeHy 7(6) 16 50 ZnCl, 36 44 10b/11b  7/93 31
6 5¢ H CF; 6 (6) 16 50 ZnCl, 36 91 9¢ — 80
7 5c H CF; 7 (6) 16 50 ZnCl, 36 97 10c¢/11¢ 13: 87 49
8 5d Ac  CF; 6 (6) 12 50 ZnCl, 36 100 9d — 80
9 5d Ac CF; 7 (6) 16 50 ZnCl, 36 100 10d/11d  35: 65 70
10 5d Ac CF; 8 (6) 16 50 EuFOD 72 80 12a/132” 60 : 40 61

@ CH,Cl, is used as solvent, except in entry 3 (toluene). * Unless otherwise indicated, 0.1 equiv. of catalyst was used. ¢ Conversion. ¢ Not
isolated. © One equivalent of catalyst was used. /Tsolated after hydrolysis of the silyl enol ether group present in the cycloadducts.

from the reaction with cyclohexa-1,3-diene (7). Optimised con-
ditions led to a complete conversion and furnished a 70%
isolated yield of a 35 : 65 mixture of endo and exo stereoisomers
(10d and 11d, respectively, entry 9). Again, the exo diastereomer
proved to be the major one. Interaction with the electronically
activated diene 8 resulted in an 80% conversion after 72 h
under 16 kbar (entry 10). The products proved to be a 6 : 4
diastereomeric mixture of the expected endo and exo adducts
(61% isolated yield). Thus the triflyl group plays a significant role
on the course of the reaction by allowing the desired transformation
to occur in a very regioselective and efficient manner. Pivotal to
the synthetic utility of this approach is the ability to remove
the triflyl group.'” Thus, for instance, simple treatment of
cycloadduct 9d with sodium methanolate not only cleaved the
triflamide, but also diastereoselectively introduced a new func-
tional group in the form of an ether, delivering 15 in 61% isolated
yield (Fig. 2).

In summary, pyrroles bearing one or two electron withdrawing
substituents (on position 3 or on positions 2 and 4, respectively)
can be used as good dienophiles in normal electron demand
cycloadditions on the condition that they bear a triflyl group
on position 1. A combination of high pressures and a Lewis
acid allows the reaction to proceed efficiently under mild
thermal conditions. The door is now open to the use of this
methodology in the total synthesis of natural and unatural
products, as well as in the production of new scaffolds for the
preparation of libraries.
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Fig. 2 Structure of compound 15.
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