
Tetrahedron Letters 50 (2009) 1093–1096
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t
An efficient access to new Tröger’s bases using superacidic chemistry

Emilie Vardelle a, Agnès Martin-Mingot a,*, Marie-Paule Jouannetaud a,
Jean-Claude Jacquesy a, Jérôme Marrot b

a Université de Poitiers—UMR 6514-Laboratoire ‘Synthèse et Réactivité des Substances Naturelles’, 40, avenue du Recteur Pineau, F-86022 Poitiers Cedex, France
b Institut Lavoisier de Versailles, UMR 8180, Université de Versailles, 45 Avenue des Etats Unis, F-78035 Versailles Cedex, France

a r t i c l e i n f o a b s t r a c t
Article history:
Received 2 September 2008
Revised 26 November 2008
Accepted 2 December 2008
Available online 7 December 2008

Keywords:
Tröger’s bases
Superacid
Aromatic amines
Hydroxylation
Electrophilic aromatic substitution
0040-4039/$ - see front matter � 2008 Elsevier Ltd. A
doi:10.1016/j.tetlet.2008.12.011

* Corresponding author. Tel.: +33 5 49 45 38 93; fa
E-mail address: agnes.mingot@univ-poitiers.fr (A.
In the superacidic media HF/SbF5, hydroxylation of several Tröger’s bases was performed using sodium
persulfate as a hydroperoxonium H3O2

þ precursor. The obtained products are selectively hydroxylated
in good yields on unusual positions of the aromatic rings.

� 2008 Elsevier Ltd. All rights reserved.
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Figure 1. Structure of Tröger’s base 1.
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Tröger’s base 1 (Fig. 1) was first synthesized, then isolated in
1887,1 but its methanodiazocine structure was elucidated only
about 50 years later.2 Tröger’s bases were initially used in recogni-
tion phenomena.3 This class of compounds has been the subject of
increased interest due to their potential applications in many other
fields such as drug development,4 supramolecular chemistry,5 or
stereoselective catalysis.6

Tröger’s base derivatives are usually synthesized by a reaction
between aromatic amines and formaldehyde in various solvents
in the presence of concentrated acid used as a catalyst.1,3a Over
the past two decades, many Tröger’s base derivatives have been
synthesized by increasing the functionalities of starting ani-
lines,3a,7 by catalyzed coupling reactions with already prepared
halogenated Tröger’s bases,8 or by modifications of the diazocine
bridge.9

To the best of our knowledge, few direct functionalizations of
the aromatic moiety have been reported. The most effective
functionalization describes the synthesis of halogenated analogs
obtained by a reaction between Tröger’s bases and N-halosuc-
cinimide.10

In this Letter, we would like to report a novel method for direct
hydroxylation of Tröger’s bases discovered in the course of our
work on unusual functionalizations of aromatic compounds using
superacidic chemistry.
ll rights reserved.
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The direct hydroxylation of substituted anilines in superacid
has been previously reported.11 This work showed that it was pos-
sible to synthesize regioselectively hydroxylated anilines in usually
unreactive positions (Scheme 1).
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Scheme 1. Hydroxylation of anilines in superacidic media.
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Figure 2. Structures of Tröger’s Bases 1–4 and of their hydroxylated analogs.

Figure 3. X-ray analysis of 1a.
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Continuing this work, we submitted a series of Tröger’s base
derivatives to hydroxylation in superacid, in the presence of
H2O2.

The first attempt was performed in HF/SbF5 (50/1) at �20 �C for
15 min, using 1 as a model substrate, but no reaction occurred.
When the acidity was increased (HF/SbF5 molar ratio 25/1), a small
amount of hydroxylated products 1a and 1b was detected by NMR
spectroscopy (<10%) in the crude mixture as well as a significant
amount of starting material. More acidic conditions were used
(HF/SbF5 (17/1)) attempting to enhance the rate of the reaction
but it was unsuccessful, as the reaction became not selective.

Various amounts of H2O2 were used. It appeared that the opti-
mized conditions are a molar ratio HF/SbF5 of 25/1, using 6 equiv
of H2O2 at �20 �C for 15 min. Under these conditions, substrate 1
yielded 27% of 1a and 32% of 1b.

It should be pointed out that when hydrogen peroxide was used
as a hydroxylating agent with levels above 1 mmol of Tröger’s base
derivatives, violent reactions occurred.

Sodium persulfate, a reagent already used to achieve hydroxyl-
ation of yohimbine in superacidic media,12 was then used as a
hydroperoxonium precursor under the same reaction conditions
on 1 and gave similar results, with no violent reaction in larger
scale.

Tröger’s bases 1–4 were submitted to reactions under the novel
optimized conditions (HF/SbF5 molar ratio 25/1), sodium persul-
fate (2.3 equiv) at the required temperature (�20 �C or �40 �C)
during the optimized time (10 or 15 min) to yield the expected
hydroxylated derivatives (Table 1, Fig. 2).

All the products were characterized by the usual spectroscopic
methods.13 The crystal structure of 1,7-dihydroxy-derivatives 1a
was determined by X-ray analysis (Fig. 3). To the best of our
knowledge, this is the first reported X-ray structure of dihydroxyl-
ated analogs of a Tröger’s base.

The obtained results deserve several comments:
Tröger’s bases are stable in the superacid with no added oxidiz-

ing agent due to a protection effect caused by the polyprotonation
of the nitrogen atoms.

All the products result from a regioselective monohydroxylation
on a meta position of the amino group on each aromatic moiety,
and are obtained in good yields.

Based on these results, a mechanism could be proposed
(Scheme 2).

Protonation of anilines was previously studied by Hartshorn
and Ridd who showed that in concentrated sulfuric acid
(�12 < H0 < �10) an anilinium ion is formed, which only exchanges
very slowly its proton with the media.14 Several studies have high-
lighted that anilines are irreversibly protonated in HF/SbF5

(H0 = �20).15,16 By analogy, we can postulate that Tröger’s bases
are biprotonated on both nitrogen atoms to yield ion I and, conse-
quently, all the positions are deactivated for subsequent electro-
philic attacks. The observed regioselectivity in the meta position
Table 1
Hydroxylation of Tröger’s base 1 in HF/SbF5

Substrates Time (min) T (�C) Products (%)

1 15 �20 1a (40) + 1b (43)
2 15 �20 2a (46)
2 (82)/3 (18)a 10 �40 (55)b

2a (46) + 3a (93)c

4 10 �20 4a/4b (48)d + 4c (45)

a Compounds 3 could not be isolated. The mixture is composed of 82% of 2 and
18% of 3 (molar ratio evaluated by NMR).

b Total yield in products 2a and 3a calculated compared to the 2/3 mixture.
c Yield in isolated product (2a or 3a) calculated starting from the pure starting

material corresponding (2 or 3).
d Molar ratio evaluated by NMR: 45/55 (4a/4b).
of anilinium moiety could be explained by the activating effects
of alkyl groups.

In superacid HF/SbF5, hydrogen peroxide is protonated and
leads to the hydroperoxoxium ion H3O2

þ from which some result-
ing salts have been isolated and characterized. The hydroperoxoni-
um ion behaves as an ‘OH+’ equivalent (Scheme 3).17

The obtained results showed that sodium persulfate in superac-
idic media leads to unidentified protonated species, which showed
a similar behavior to hydroperoxonium ion.

All the orientations of electrophilic substitutions with ‘OH+’
were in accordance with the presence of a protonated amine and
with the orientating effect of alkyl (methyl or cyclic moiety) sub-
stituents. The substitution occurred consequently in the meta posi-
tion of the protonated amino group.

It should be noted that with Tröger’s base 1 the two obtained
products result from at least one substitution on the most encum-
bered position, as already observed in the aniline series.11
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This result could be explained by the higher stability of inter-
mediate II compared to intermediate III (less repulsion of charges).

In superacid, N-protonated intermediate aminophenols IV and
V must also be protonated on the hydroxyl groups. This second
protonation prevents the Tröger’s base derivatives from a later
electrophilic hydroxylation by deactivating the aromatic rings.

To summarize, we have reported the first direct synthesis of
symmetrical or unsymmetrical hydroxylated Tröger’s base deriva-
tives. This original functionalization in superacid opens great
opportunities in the synthesis of novel Tröger’s base derivatives.
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