
Tetrahedron Letters 46 (2005) 8653–8656

Tetrahedron
Letters
The reaction of nitrones with pyrroles and furan: an easy access to
heteroaromatic hydroxylamines and bis(heteroaryl)alkanes

Christophe Berini, Frédéric Minassian,* Nadia Pelloux-Léon* and Yannick Vallée
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Abstract—N-Benzylnitrones react with heteroaromatic compounds such as pyrroles or furan in the presence of hydrogen chloride.
Either heteroaromatic N-benzylhydroxylamines, symmetrical or unsymmetrical 2,2 0-bis(heteroaryl)alkanes could be selectively pro-
duced depending on the experimental conditions.
� 2005 Elsevier Ltd. All rights reserved.
Table 1. Selective preparation of 2-pyrrolyl N-hydroxylamines 3a–d

Entry Pyrrole Nitrone Conditionsa Ratio 3:4 Yield
(%)b

1 1a 2a �20 �C, 2 h 100:0 (3a:4a) 20
2 1a 2a �20 �C, 4 h 100:0 (3a:4a) 75
3 1a 2a 0 �C, 2 h 62:38 (3a:4a) 69

4 1a 2b �40 �C, 2 h 100:0 (3b:4b) 15
5 1a 2b �40 �C, 24 h 100:0 (3b:4b) 55
The condensation of pyrrole derivatives with electro-
philes allows the preparation of important synthetic
intermediates for an access to natural alkaloids,1 as well
as other compounds of biological interest.2 Among the
various electrophiles, aldehydes have been considerably
employed for the synthesis of porphyrins and their core-
modified analogues.3 Mannich reaction has also been
widely described in order to prepare 2-aminomethylpyr-
roles.4 However, the direct preparation of 2-N-hydroxy-
aminomethylpyrroles from a convenient electrophile has
been mainly limited to the reaction between pyrrole and
acyclic oxyiminium cations.5

Previous studies in our group have dealt with the reac-
tivity of nitrones as electrophiles.6 Among them, the
reaction of nitrones with various indoles has been
studied.7 Two types of products have been obtained
depending on the experimental conditions. Using chlo-
rotrimethylsilane as a promoter, the exclusive formation
of 3,3 0-bis(indolyl)alkanes was observed, whereas when
HCl was employed, 3-indolyl N-hydroxylamines were
formed as single products.

In this letter, we describe the first example of a reaction
between pyrroles or furan and nitrones in the presence
of HCl as the activating agent providing either 2-het-
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eroaromatic N-benzylhydroxylamines or 2,2 0-bis(hetero-
aryl)alkanes concisely.

We started our work with the selective preparation of
N-benzylhydroxylamines 3a–d. 2,3,4-Trisubstituted pyr-
roles 1a and 1b8 were used in order to limit the possible
pyrrole polymerization under acidic conditions. Con-
cerning the electrophilic partners, aldonitrones 2a and
2b have been chosen.9 Experiments were performed
using dry HCl in anhydrous methanol. Representative
results are shown in Table 1 (Scheme 1).

Reactions with pyrrole derivative 1a (with an acyl sub-
stituent) needed higher temperatures than reactions with
pyrrole derivative 1b which is indeed more electron-rich
6 1b 2a �78 �C, 3 h 100:0 (3c:4c) 66
7 1b 2a �78 �C, 4.5 h 83:17 (3c:4c) 68

8 1b 2b �78 �C, 3 h 100:0 (3d:4d) 41
9 1b 2b �78 �C, 4.5 h 67:33 (3d:4d) 61

a In the presence of 1 equiv of HCl.
b Isolated yields.
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(with only alkyl substituents) (Table 1, entries 1–5 vs 6–
9). In the case of 1a, formation of small amounts of 2,2 0-
bis(pyrrolyl)alkane 4a was observed when raising the
temperature (Table 1, entries 1 vs 3). An increase in
the reaction time improved the conversion to N-benz-
ylhydroxylamines 3a,b (Table 1, entries 1 vs 2 and 4
vs 5) while for 1b, competitive formation of 2,2 0-
bis(pyrrolyl)alkanes 4c,d occurred (Table 1, entries 6
vs 7 and 8 vs 9). For both pyrroles (1a,b), we found opti-
mized experimental conditions leading to the exclusive
formation of N-benzylhydroxylamines (3a–d; Table 1,
entries 2, 5, 6, and 8).

Furthermore, we took advantage of our initial observa-
tions in order to prepare 2,2 0-bis(pyrrolyl)alkanes 4a–d
selectively via simple modifications of the experimental
procedure. Our results are shown in Table 2. Highly
selective transformations were observed here by increas-
ing the relative amounts of pyrroles 1a,b and HCl to
2 equiv (nitrone/pyrrole/HCl: 1/2/2) and by running
the reactions at higher temperatures.

An efficient preparation of these compounds usually
consists in reacting pyrroles and aldehydes under acidic
conditions.10 The assumed mechanism involves the
formation of an intermediate carbinol which is rarely
isolated.11,12 In our case, elimination of N-benzylhydr-
oxylamine from 3a–d under acidic conditions followed
by a second addition of pyrroles 1a,b leads to com-
pounds 4a–d.13 This hypothesis was confirmed by run-
ning a crossed reaction between N-hydroxylamine 3b
and 1 equiv of pyrrole 1a in the presence of 1 equiv of
HCl at 0 �C which gave unsymmetrical 2,2 0-bis(pyrr-
olyl)alkane 4e in 54% yield (Scheme 2).14

To summarize, we have found experimental conditions
allowing selective access to either N-benzylhydroxyl-
amines 3a–d (Table 1), symmetrical 2,2 0-bis(pyrrolyl)-
Table 2. Selective preparation of 2,2 0-bis(pyrrolyl)alkanes 4a–d

Entry Pyrrolea Nitrone Conditionsb Ratio 3:4 Yield
(%)c

1 1a 2a rt, 3 h 0:100 (3a:4a) 81

2 1a 2b rt, 3.5 h 0:100 (3b:4b) 90

3 1b 2a 0 �C, 2 h 0:100 (3c:4c) 67

4 1b 2b �78 �C, 4.5 h 36:64 (3d:4d) 55
5 1b 2b rt, 1 h 0:100 (3d:4d) 77

a Two equivalents of pyrrole 1a,b were used.
b In the presence of 2 equiv of HCl.
c Isolated yields.
alkanes 4a–d (Table 2), or unsymmetrical 2,2 0-bis(pyrr-
olyl)alkane 4e (Scheme 2) with fair to excellent yields.

Encouraged by these results, we decided to turn our
attention to unsubstituted pyrrole (5), in order to pre-
pare the corresponding N-benzylhydroxylamines 6a,b
(Scheme 3). Such compounds would be valuable for fur-
ther ring functionalizations. Results are summarized in
Table 3. As expected, the reaction always occurred selec-
tively at the C-2 position of the pyrrole ring over 24 h at
�40 �C.15 Under this set of experimental conditions,
polymerization of pyrrole (5) was minimal.

Formation of 2,2 0-bis(pyrrolyl)alkanes was never de-
tected, even under harsher experimental conditions. This
was probably due to the faster degradation of both pyr-
role (5) and hydroxylamines 6a,b than a second addition
step. Higher temperatures (Table 3, entries 2 vs 3, 4 vs 5
and 6) or a longer reaction time (65% in 36 h) afforded
Table 3. Selective formation of hydroxylamines 6a,b

Entry Nitrone Relative amount
of HCl (equiv)

N-Benzylhydroxylamine
6 (yield %)a

1 2a 1 6a (65%)
2 2a 2 6a (95%)
3 2a 2b 6a (50%)c

4 2b 2 6b (73%)
5 2b 2b 6b (50%)
6 2b 2d 6b (32%)c

a Isolated yields.
b Pyrrole (5) was added at �40 �C.
c 35% of nitrone was recovered.
d Reaction was performed at �20 �C.
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indeed products 6a,b in lower yields. We also found that
the use of 2 equiv of HCl was optimal (Table 3, entries 1
vs 2). By this way, 2-pyrrolyl N-benzylhydroxylamines
6a and 6b could be isolated in one step with good to
excellent yields (Table 3, entries 2 and 4).

This study was then extended to furan (7). Under the
previous conditions, no reaction was observed. How-
ever, significant results were obtained using furan as a
cosolvent, by increasing the relative amount of HCl, at
higher reaction temperature, and with a longer reaction
time (Schemes 4 and 5). This weaker reactivity corre-
lated well with some studies attributing a lower nucleo-
philicity to furan (7) than to pyrrole (5).16 In the case of
nitrone 2a, we observed the formation of the 2-furyl N-
benzylhydroxylamine 8 as a single product in 68% iso-
lated yield (Scheme 4). As in the pyrrole series, reaction
occurred only at the C-2 position. Interestingly, with nit-
rone 2b, 2,2 0-bis(furyl)alkane 9 was preferentially ob-
tained (Scheme 5) in 49% yield (not optimized) under
similar conditions.17,18 This difference was probably
due to the increased resonance stabilization of the possi-
ble intermediate 2-alkylidene-2H-furylium cation which
could therefore easily react with a second equivalent of
furan (7).

Finally, all attempts involving thiophene as the nucleo-
philic species under these experimental conditions were
unsuccessful, either recovery or degradation of the start-
ing material being observed.

In conclusion, we have shown that the reaction of nitro-
nes with heteroaromatic compounds such as pyrrole or
furan is an efficient, simple, and unprecedented method
for the synthesis of 2-pyrrolyl19a and 2-furyl N-hydrox-
ylamines.20 The former molecules were never prepared
so far, while the latter were previously obtained via
addition of the corresponding 2-lithiofuran to nitro-
nes.21 They would be valuable building blocks for the
elaboration of new drug candidates. Our method allows
supplementary access to symmetrical 2,2 0-bis(hetero-
aryl)alkanes.19b Furthermore, it represents a straightfor-
ward preparation of unsymmetrical 2,2 0-bis(hetero-
aryl)alkanes.14 Studies concerning new extensions of this
methodology and applications to the synthesis of bio-
active compounds are in progress.
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1. (a) Sayah, B.; Pelloux-Léon, N.; Vallée, Y. J. Org. Chem.
2000, 65, 2824–2826; (b) Sayah, B.; Pelloux-Léon, N.;
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