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The synthesis of spirophanes from a pentaerythrityl core
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Abstract—Various thia- and oxa-spirobicyclic cyclophanes were synthesized from a pentaerythrityl building block and appropriate
dithiols/bisphenols.
� 2005 Elsevier Ltd. All rights reserved.
The pentaerythrityl core acts as a versatile building
block in supramolecular chemistry and has been em-
ployed for the syntheses of various spiro crown ethers,1

spiro-macrocyclic ligands,2 spiro-bicyclic peptides,3

spiro-catenanes4 and dendrimers.5 However, to the best
of our knowledge, no pentaerythritol-based spirobicy-
clic cyclophanes incorporating rigid aromatic spacers
have been reported. These cyclophanes would function
as potential bi-site receptors and hence two guest mole-
cules could be accommodated in a single cyclophane
molecule despite the electrostatic repulsion between the
guest molecules.1b Since the two macrocyclic units in
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these cyclophanes are oriented orthogonally to each
other, the resulting complexes are poised to be in differ-
ent planes and this phenomenon could be used for the
construction of novel magnetic6 and electronic
materials.7 Herein we report the synthesis of various
spiro-bicyclic cyclophanes viz., thiaspirophane 1, intra-
annularly functionalized thiaspirophanes 2a–c, oxaspi-
rophane 3 and chiral oxaspirophane 4 from a pentae-
rythritol-derived aromatic tetrabromide 7.

This extended tetrabromide 7 has two advantages over
the starting pentaerythrityl tetrabromide: (i) it possesses
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Scheme 2. Reagents and conditions: (i) KOH, C6H6/EtOH (1:9, v/v),

12 h; afforded 1 (40%) and 2a (25%) 2b (18%) and 2c (23%); (ii) K2CO3,

CH3CN, 60 �C, 16 h, 15%; (iii) K2CO3, acetone, rt, 10 d, 12%.
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Scheme 1. Reagents and conditions: (i) LiAlH4, THF, reflux, 12 h,

72%; (ii) MsCl, Et3N, THF, 0 �C, 3 h; then LiBr, acetone, rt, 12 h,

69%.
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the more reactive benzylic bromide functionality and (ii)
the presence of aromatic spacers would avoid steric con-
gestion during cyclization. The tetrabromide 7 was syn-
thesized as outlined in Scheme 1. The tetraester 5,
obtained by the fourfold O-alkylation of pentaerythrityl
tetrabromide with methyl-4-hydroxybenzoate,8 was
reduced with LiAlH4 in refluxing THF to afford the
tetra-alcohol 6 in a 72% yield. Conversion of the tetra-
alcohol 6 to the corresponding tetrabromide 7 was at-
tempted with various brominating agents such as PBr3
in CH2Cl2, CBr4/PPh3 in THF and Br2/PPh3 in CH3CN
but the results were not satisfactory. Thus, tetraalcohol
6 was treated with MsCl in the presence of Et3N in THF
to give a tetramesylated compound, which was then con-
verted into the tetrabromide 7 in 69% yield by an
exchange reaction with LiBr in acetone.

In order to test the utility of the tetrabromide 7 for the
synthesis of spirobicyclic cyclophanes, 1 equiv of 7 was
reacted with 2 equiv of m-xylene dithiol (8) in the pres-
ence of KOH in a C6H6–EtOH (1:9, v/v) mixture under
high dilution conditions. The spirobicyclic cyclophane 1
was thus obtained in 40% yield after column chromato-
graphic purification (Scheme 2). The structure of the
cyclophane 1 was confirmed by spectroscopic and ana-
lytical data9 and XRD studies.10 It is interesting to note
that in the 1H NMR spectrum of 1, the intra-annular m-
xylenyl proton was highly shielded and appeared at d
6.09. The ORTEP plot of the crystal structure of 1
Figure 1. ORTEP plot of the crystal structure of 1.
(Fig. 1) indicates that the two macrocyclic units are per-
pendicular to each other.

Incorporation of m-terphenyl building blocks into these
kinds of cyclophanes would make the cyclophanes have
large noncollapsible rigid cavities with intra-annular
functionality.11 With this idea in mind, the tetrabromide
7 was coupled with each of the m-terphenyl dithiols 9a–
c12 under high dilution conditions to afford the spirobi-
cyclic cyclophanes 2a,13 2b and 2c in 25%, 18% and 23%
yields, respectively (Scheme 2).

Having succeeded in establishing a method for the syn-
thesis of thia-spirobicyclic cyclophanes, we focussed our
attention on the synthesis of similar oxacyclophanes.
Thus stirring 1 equiv of 7 with 2 equiv of the bisphenol
10 (obtained by cleaving the corresponding dimethoxy
compound14 with HBr in AcOH) in the presence of
K2CO3 in CH3CN at 60 �C for 16 h afforded the spiro-
bicyclic oxacyclophane 315 in 15% yield (Scheme 2).

To extend the utility of the tetrabromide 7 for the syn-
thesis of chiral spirophanes, 7 was stirred with 2 equiv
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of (S)-BINOL (11) in the presence of K2CO3 in acetone
at room temperature for 10 days to give cyclophane 416

in 12% yield (Scheme 2). This chiral cyclophane having a
spiro backbone may be useful for chiral molecular rec-
ognition and asymmetric catalysis.17 In the 1H NMR
spectrum of cyclophane 4, the CH2 protons attached
to the BINOL unit as well as those attached to the spiro
carbon appear as two doublets due to the atropisomer-
ism of the (S)-BINOL unit.18

In conclusion, we have synthesized various thia- and
oxa-spirobicyclic cyclophanes from a pentaerythritol-
derived aromatic tetrabromide. The utility of this poten-
tial precursor for the synthesis of other similar
cyclophanes and detailed complexation studies with
these cyclophanes are under investigation.
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