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Figure 1. Examples of large aryl-cap containing HDACis.
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We have synthesized a b-cyclodextrin (bCD)-capped histone deacetylase (HDAC) inhibitor 3 containing
an alkyl linker and a zinc-binding hydroxamic acid motif. Biological evaluation (HDAC inhibition studies)
of 3 enabled us to establish the effect of replacing an aryl cap (in SAHA (vorinostat,)) 1 by a large saccha-
ridic scaffold ‘‘cap’’. HDAC inhibition was observed for 3, to a lesser extent than SAHA, and rationalized by
molecular docking into the active site of HDAC8. However, compound 3 displayed no cellular activity.
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Histone deacetylases are a family of metalloenzymes involved
in chromatin remodeling. They play an important role in the epige-
netic regulation of gene expression by removing acetyl groups
from lysine residues in histones, which is associated with carcino-
genesis and tumor progression.1

Histone deacetylase inhibitors (HDACis),2 promote hyperacety-
lation of core histones leading to a relaxed chromatin, and are
promising anticancer agents in cancer therapy.3 SAHA 1 (suberoy-
lanilide hydroxamic acid, vorinostat), for example, has been clini-
cally approved for treating advanced cutaneous T-cell lymphoma
(CTCL).4

The design of HDACis is often based on the molecular architec-
ture of the HDAC acetyl lysine substrate, requiring (i) a metal-bind-
ing group allowing coordination to zinc, (ii) a linker that is of an
appropriate chain length similar to that present in the acetyl–ly-
sine substrate and (iii) a capping moiety (Fig. 1).

Furthermore, the rationale has been supported by a crystal
structure of 1 in HDAC8 showing the deprotonated hydroxamic
acid (metal ion chelator) binding to zinc, the alkyl linker occupying
the hydrophobic channel and the anilide moiety interacting with
the amino acid side groups at the entrance of the pocket in the ac-
tive site.5 The latter interaction engenders a possibility for engi-
neering isoform selectivity6 by modification of the capping
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Figure 2. Examples of large aryl-cap containing HDACis.
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group; for example, we have investigated transition metal contain-
ing HDACis, termed JAHAs 2,7 where a ferrocene group was em-
ployed as an aryl cap bioisostere.

Other researchers have looked at incorporating supramolecular
architectures such as calix[4]arene caps,8 with varying degrees of
success in terms of selectivity and many natural or natural-product
inspired products, including tubacin9 and azumamides,10 exhibit
good HDAC isoform selectivity (Fig. 2).11

We describe, hereafter, preliminary results on the use of a
cyclodextrin cap and its effect as a HDACi.

Cyclodextrins12 (CDs) are a family of oligosaccharides com-
posed of glucose units. These naturally occurring molecules take
the tri-dimensional shape of a truncated cone with a hydrophilic
exterior surface and an internal hydrophobic cavity. The three best
characterised CDs are named a, b and c with six, seven and eight
units linked by a-1,4 glycosidic bonds, respectively. The covalent
linkage of bioactive molecules to CDs has been proposed as an
effective approach to (i) increase water solubility, (ii) improve
the pharmacokinetics of the drug by preventing metabolism and
excretion.13

Herein, we describe the synthesis and biological data concern-
ing the effect of replacing the aryl capping group of SAHA with a
b-cyclodextrin, as in 3 (Scheme 1) in an effort to explore the anti-
cancer properties and HDAC inhibition of the resulting compound.
Figure 3. Docking poses of (a) SAHA 1
The synthesis of the CD-SAHA conjugate 3 is shown in Scheme 1.
Treatment of the 6-deoxy-6-amino-b-cyclodextrin14 3a, with
methyl 8-chloro-8-oxooctanoate, under basic conditions, was fol-
lowed by reaction of the resulting terminal ester with hydroxyl-
amine, to afford the desired product 3. The latter was
characterised by NMR spectroscopy and mass spectrometry.

To explore the binding mode of 3 in deacetylases, docking stud-
ies were performed, using the structure of HDAC8–SAHA complex
as a starting point (Fig. 3, based on PDB code:It69). This suggests
that 3 is able to bind in a similar mode to SAHA 1 by maintaining
the archetypal interactions that exist between the hydroxamate
group and the zinc in the HDAC. Obviously, the cyclodextrin moi-
ety in 3 occupies a larger space than the aryl cap in SAHA
(Fig. 3). There are hydrogen bonding possibilities for residues on
top of the cyclodextrin, however, the energy gain is anticipated
to be compensated by the steric clashes engendered by the large
cyclodextrin group. The binding mode suggested HDAC inhibition
by 3 was feasible, although to a lesser extent than that of SAHA 1
(albeit, the MW of 3 is significantly higher compared to SAHA).

Table 1 summarizes the in vitro HDAC screening of 3 versus
SAHA. Other HDAC isoforms (e.g., HDACs 4 and 5) were not inhib-
ited. In general, we can see that 3 is roughly 5–10 times less potent
than its simpler SAHA analogue yet it still shows IC50 values in the
subnanomolar range, namely versus HDAC1 and HDAC6, affirming
the docking studies. Cell-based studies were next performed; no
and (b) compound 3 in HDAC8.
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Scheme 1. Synthesis of 3. Reagents and conditions: (i) ClCO(CH2)6CO2CH3, rt, 24 h, pyridine; (ii) NH2OH, KOH, 24 h, MeOH, under N2.

Table 1
IC50 values for HDACis versus SAHA 1a

Compound HDAC1 HDAC2 HDAC3 HDAC6 HDAC8
IC50 (lM) (SD) IC50 (lM) (SD) IC50 (lM) (SD) IC50 (lM) (SD) IC50 (lM) (SD) IC50 (lM) (SD)

1 0.052 (0.003) 0.09 (0.01) 0.067 (0.006) 0.019 (0.002) 1.35 (0.009)
3 0.63 (0.05) 1.2 (0.1) 1.6 (0.2) 0.12 (0.01) 6 (0.3)

a IC50 values for compounds (lM) with standard deviation (SD) in parentheses. Assays were performed in duplicate.
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effects on the leukaemia cancer cell line (K562) were, however, ob-
served for 3, pointing to a lack of cellular penetration for this
analogue.

In conclusion, we have synthesized a HDACi bearing a bulky b-
CD ‘‘cap’’ with moderate inhibition of HDACs, notably HDAC6, with
an IC50 of 120 nM. We are currently aiming to perform X-ray stud-
ies on compound 3. Moreover, we also intend to investigate smal-
ler supramolecular structures such as more liphophilic a-
cyclodextrins incorporated into HDACis combined with lipophilic
chains given that similar three-dimensional cap groups were re-
cently shown to exhibit excellent HDACi potency.15
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