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Citronellal reacts with electron rich oligo(hydroxy)benzenes
in an acid catalyzed condensation reaction to afford unusual
[2 + 1] adducts which are characterized with mass and NMR
spectroscopy, and X-ray crystallography.

Resorcinarenes are an important class of electron rich cyclo-
phanes, which have been used extensively as hosts for
ammonium ions, amino acids, polyols and saccharides.® They
are aso the starting materials for container molecules such as
cavitandsand carcerands.2 Their successisto amajor extent due
to their convenient one step synthesisinvolving the[4 + 4] acid
catalyzed condensation of aldehydes and resorcinol. Both
aromatic and aliphatic aldehydes can be used, and in many cases
the rccc stereoisomer is formed preferentialy.

With the goal of introducing chirality to these resorcinarenes
in a simple way, we tried the acid-catalyzed condensation of
citronellal with resorcinol, following literature procedures.t To
our joy, large amounts of a white crystalline material were
formed. However, the spectral data did not correspond with the
desired [4 + 4] adduct 1. Thiswas clear by the absence of signals
corresponding to phenolic hydrogens both in the 1H NMR
(taken at 400 MHz) and IR spectra. Moreover, the double bond
had disappeared, as was clear from the shift of the methyl
groups from 6 2.1 in citronellal to § 1.1 in the product, and the
disappearance of the signa of the vinyl hydrogen in the 1H
NMR spectrum. Notably, the product formed was not optically
active, and in fact racemic citronellal was used in all subsequent
reactions. Very soon it became apparent that a [2 + 1] adduct
between citronellal and resorcinol, corresponding to an inter-
esting bis(spirocyclohexane)benzodifuran 2, had formed. The
yield was 66% based on citronella, rising to 77% when a2:1
ratio of starting materials was used (Scheme 1).3 The structure
of 2 agrees with the mass spectrum (m/z 382). The *H NMR
spectrum shows doubl et absorptions (6H) at § 0.9, and asinglet
(12H) at 6 1.1 for the hydrogens of the methyl groups. A number
of multiplet signals between 6 1.3 and 1.9 (total 18H)
correspond to the cyclohexyl protons. Two singlets (each 1H) at
6 6.18 and 6.61 can be assigned to the aromatic H-8 and H-4 of
the benzodifuran. Furthermore, in the 23C NMR spectrum the
aliphatic quaternary carbons are diagnostic: they show up at
45.7 (C-3,6 of benzodifuran) and 91.8 (C-2,7 of benzodifuran).
The aromatic signals at 6 93.4 (CH-8 of benzodifuran) and
115.5 (CH-4 of benzodifuran) are within the expected values.

Although citronellal and resorcinol both are very common
chemicals, we havefound no earlier reference to compound 2 in
the literature. To test the generality of this cyclocondensation
reaction, other phenols were combined with citronellal. Phenol
itself did not give a defined condensation product, but the
isomeric hydroquinone gave a[2 + 1] adduct (m/z 382) in good
yield (72%). However, careful investigation of the 1H and 13C
NMR spectra showed that the product is not the (by now)
expected benzo[1,2-b:4,5-b/]difuran 3 but a doubly bridged
benzo[1,2-b: 4,5-b']dioxocane 4 (Scheme 2). The *H NMR
spectrum shows the methyl groups now all appear as doublets at
6 0.96, 0.97 and 1.10 (each 6H). A multiplet at § 1.16 (2H) is
well separated from the bulk of the aliphatic protons (14 H
between § 1.53 and 1.91). Theformer signal clearly corresponds
to the two hydrogens at C-3,10 which undergo the shielding

influence of the aromatic anisotropy. Another well-separated
aliphatic signd is the doublet at 6 2.60 corresponding to the
benzylic H-6,13. In the aromatic region of the spectrum, the
expected singlet (2H) at 6 6.41 is found. In the 13C NMR
spectrum the diagnostic signals are from one aiphatic quater-
nary carbon (C-2,9) at 6 78.2 and one aromatic CH at 6 113.2.
The product 4 is not opticaly active due to its centre of
symmetry.
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Fig. 2 X-Ray structure of 4.

Pyrogalol afforded product 5 with citronellal, having
structure and yield (63%) comparable with compound 2. The
isomeric phloroglucinol gave afair yield (33%) of an insepara-
ble mixture of four diastereoisomers, correspondingtoa[3 + 1]
adduct 6 (mVz 534). The [2 + 1] adduct 7, which should be
theoretically possible, was not present (Scheme 1). The *H and
13C NMR spectra of this mixture, which was not further
investigated, showed similarity to that of the resorcinol adduct
2.

Crystals of 2 and 4 were grown from an acetone-MeOH
mixture and the molecular structures of 2 and 4 were confirmed
by X-ray diffraction.# The molecular shape of compound 2 is
determined to alarge extent by the conformation of the different
rings (Fig. 1). The central ring system is dightly bent: the angle
between the best planes through both tetrahydrofuran rings is
14.5°. Both cyclohexane rings have a chair conformation with
the methyl substituent in the equatoria position and the gem-
dimethyl carbon in the equatorial position in order to reduce
possible steric hindrance. Compound 4 possesses an internal
centre of symmetry (Fig. 2). The tetrahydropyran ring has a
clear envelope conformation with the isopropyl group attached
in the equatorial position. The cyclohexane ring, oriented
axially with respect to the previous ring, has a chair conforma-
tion with the methyl substituent in the axial position.

Citronellal is known to cyclize in acidic medium, in fact this
is a way to prepare isopulegol.> When the condensations of
resorcinol and hydroquinone were carried out with isopulegol,
the adducts 2 and 4 were formed in comparable yields (75 and
76%, respectively) as for the reactions based on citronellal.

Via a number of intermediates, involving acid-catalyzed
isomerizations, the stabilized cationic species 8 and 9 can form
in the reaction mixture (Scheme 3). Obvioudly, 8 ismore stable
than 9 and will be preferentially formed. Resorcinol, pyrogallol
and phloroglucinol are significantly more reactive than hydro-
quinone towards electrophilic substitution and, therefore, they
can react with the stabilized cation 8 with the formation of the
intermediate 10, which after protonation will cyclize with the
phenol function. It is interesting to note that even when the
reactants are combined ina1: 1 ratio, only the [2 + 1] adduct 2
is obtained. Apparently, the intermediate [1 + 1] adduct is
significantly more reactive than resorcinol itself.

Hydroquinonewill only react with theless stabilized cation 9,
and the intermediate 11 will be protonated selectively with the

1118 Chem. Commun., 1999, 1117-1118

R R

HO. OH
O e
i

10

OH OH OH
+
+ 9 — H
— 4 — — 4
OH OH ‘ OH
11 12
Scheme 3

formation of the tertiary carbenium ion 12, and ultimately the
bridged compound 4. A similar singly bridged [2 + 1]
condensation product resulting from the acid catalyzed con-
densation of resorcinol and 2-cyclohexenone was reported
recently.6
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