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Synthetic methodology for cyclodextrin–dipyrromethane conjugates
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Abstract—A new method for synthesis for cyclodextrin–dipyrromethane conjugates consisting of a reaction between cyclodextrin
monoaldehyde and pyrrole is presented here. Resulting dipyrromethane is characterized by spectroscopic and computational
methods.
� 2004 Published by Elsevier Ltd.
Cyclodextrins, the cyclic oligosaccharides1 that have
been at the forefront of supramolecular chemistry have
been extensively modified2 in an effort to enhance their
utility.3 Dipyrromethanes have played a prominent role
as fluorescent tags (BODIPY)4 and as precursors for
important molecules such as porphyrins5 and expanded
porphyrin systems.6 It is conceivable that merger of
these two prominent systems by synthesis of cyclodex-
trin–dipyrromethane conjugates could produce mole-
cules that provide molecular recognition in concert
with fluorescence properties and possibly open the doors
to new frontiers.

The strategy for synthesis of cyclodextrin–dipyrrometh-
ane 4 is shown in Scheme 1 and involves condensation of
known b-cyclodextrin monoaldehyde 3 with pyrrole, in
the presence of an acid catalyst as shown in Scheme 1.

The published procedure for synthesis of cyclodextrin
monoaldehyde7 was modified for convenience without
sacrificing the yield. A mixture of o-iodoxybenzoic acid
(IBX) 2 (5.0g, 17.86mmol) and b-cyclodextrin hydrate 1
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Scheme 1.
(13.5g, 11.89mmol) in 100mL DMF was stirred at
room temperature for 24h. The reaction mixture was fil-
tered and the filtrate was diluted with 500mL of acetone
stirred overnight. This slurry was filtered and the residue
was washed with acetone to obtain 12.80g (95% crude
yield) of the aldehyde 3. A mixture of crude b-cyclodex-
trin monoaldehyde 3 (6.9g, 6.09mmol, contains a small
amount of unreacted cyclodextrin) in a minimum
amount of pyridine (�10mL) and excess pyrrole
(30mL, 254mmol) was stirred under argon for 2h at
70 �C. TFA (300lL, 3.89mmol) was then syringed into
the reaction mixture and stirred under argon for an
additional 24h at 70 �C. NaOH (3.6mL of 0.1N, to neu-
tralize TFA) followed by a large excess of acetone
(400mL) were added to the reaction mixture and stirred
for several hours. The mixture was filtered and the resi-
due was washed with acetone and further stirred in
methylene chloride to yield 6.26g (82% crude yield) of
the product assigned as 4. TLC on silica gel using n-but-
anol, ethanol, water (5:4:3 by volume) showed one spot
at Rf = 0.35 for b-cyclodextrin and another at Rf = 0.70
for compound 4. A 100mg of the crude product was
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Figure 1. Molecular model of 4.

Figure 2. Variable temperature 13C NMR of 4 in the pyrrole region. Upper

Figure 3. (A) Positive ESI-MS of 4 with TFA. The inset shows the expanded r

shows the expanded region around 1270 m/z.
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further purified by a reverse phase HPLC8 to yield 50mg
of the pure compound (41% from the starting material).
Compound 4 was structurally characterized by NMR
and mass spectral analysis.

The HSQC and 1H NMR spectra in DMSO-d6 shows
peaks between 6.6 and 5.6 for the pyrrole rings, between
4.9 and 3.3 for the cyclodextrin unit and at 10.2 and
10.0ppm for N–H protons. The 13C NMR and DEPT
NMR spectra in DMSO-d6 shows the meso-carbon at
37.1ppm (–CH), peaks for cyclodextrin between 58
and 102ppm and a number of 13C signals with chemical
shifts characteristic of pyrroles between 106 and
132ppm suggesting an unsymmetrical dipyrrole prod-
uct. Although NMR for phenyldipyrromethane9 indi-
cates a symmetrical molecule, pyrrole moieties in
compound 4 are diastereotopic and their NMR spectral
signals are not identical. The lack of sharpness of signals
in NMR spectra of 4 in the pyrrole region may also sug-
gest that one of the pyrrole rings is oriented to the
hydrophobic cavity of b-cyclodextrin. The computa-
tional calculations indicate that one of the pyrrole rings
can reside inside the cavity (Fig. 1). Further support for
spectrum is at 300K and the lower one is at 343K.

egion around 1250m/z. (B) Positive ESI-MS of 4 with NaOH. The inset
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this suggestion comes from variable temperature 13C
NMR experiments at 343 and 300K (Fig. 2), which dis-
play a sharper spectrum at 343K than at 300K suggest-
ing a slightly restricted rotation about the cyclodextrin-
meso-carbon due to steric hindrance. It is possible that
due to the steric hindrance caused by cyclodextrin, the
formation of higher oligomers of pyrrole containing
cyclodextrin are minimized.

Additional supporting evidence for the structure of com-
pound 4 was obtained from mass spectral analysis. The
positive ESI-MS of CD–dipyrromethane 4 in water/
TFA (Fig. 3A) showed a peak at 1249.9 m/z, which
was ascribed as the protonated CD–dipyrromethane
(C50H77O34N

þ
2 , expected mass 1249.4 m/z). The simu-

lated isotopic distribution is also in good agreement with
the experimental results. In the absence of TFA (Fig. 3B),
the peak at 1271.5 m/z is attributed to the sodiated CD–
dipyrromethane (C50H76O34N2Na+, expected mass 1271.4).

Synthetic methodology for cyclodextrin–dipyrrometh-
ane conjugates is thus completed and it is hoped that
this will pave the way to synthesis of more interesting
molecules consisting of a molecular recognition site
and a multi-pyrrole (such as BODIPY, porphyrin)
flourophores.
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