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Abstract: Inhibitors of histone deacetylase are potent inducers of differentiation and bear considerable potential
as drugs for chemoprevention and treatment of cancer. So far only complex natural products and a few synthetic
congeners have been identified as specific inhibitors. We have prepared a set of simple analogues in as little as
four synthetic steps that have inhibitory potencies in the range of known cyclotetrapeptide inhibitors. These

compounds are interesting leads for the design of potent inhibitors of histone deacetylase. © 1997 Elsevier Science Ltd.

Histones are the protein component of eukaryotic chromatin. The reversible acetylation of distinct lysine
residues in the N-terminal tails of core histones contributes to the regulation of nuclear processes, as DNA
replication’, transcription’ and differentiation’ . The modification is established and maintained by histone
acetyltransferases and histone deacetylases. Inhibition of histone deacetylase leads to hyperacetylation of core
histones, thereby affecting growth and differentiation of cells*. It has long been recognized that inhibition of
histone deacetylase by specific and unspecific inhibitors leads to terminal differentiation of leukaemic cells’, a
process that could be explored for the prevention and treatment of cancer®. Other inducers of differentiation
such as retinoids and vitamin-D-derivatives are already established in cancer therapy and are investigated in

clinical trials for cancer chemoprevention .

Only few inhibitors of histone deacetylase have been reported. Sodium butyrate is a non-specific inhibitor
in the millimolar range® and some butyrate analogues have been reported to have similar activity’. There are
several natural products which have been identified as potent and specific inhibitors of histone deacetylase. One
of them is trichostatin A 1 which possesses potent antifungal activity besides its differentiating properties’. The

other belong all to a set of hydrophobic cyclotetrapeptides such as trapoxin B 2'°*.
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Scheme 1. Trichostatin A 1, Trapoxin B 2, general structure for inhibitors 3

We wanted to combine structural elements of 1 and 2 to get to simple and strong inhibitors of histone
deacetylase as so far only a few tetrapeptide analogues used in the isolation and microsequencing of the bovine
enzyme are known as potent synthetic inhibitors'®. The (S)-antipode of the natural trichostatin A and the
respective carboxylic acids have been prepared and all were found to be inactive''. We propose a general
structure for potential inhibitors 3 where a binding region which is responsible for enzyme specifity is separated
by a spacer from a group which effects inactivation of the enzyme. We set out to combine various elements from

1 and 2 according to this general structure as in scheme 1.

The synthesis of the carboxylic acid amide-hydroxamates 6 started from mono methyl octanedioate 4 and
standard peptide coupling techniques led to the desired products in four (6a) or five (6b) steps (scheme 2). 6b
could only be isolated in a pure and crystalline form after purification of a small sample on preparative

RP-TLC'?.
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Scheme 2. Synthesis of 6.

The q-amino acid hydroxamates 9 were prepared similarily from the protected amino acids 7 (scheme 3).
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Scheme 3. Synthesis of 9
The synthesis of analogue 12 in which an a-amino acid was supposed to mimic the enzyme binding

region was accomplished from the suitably protected aspartate 10 (scheme 4). The spacer contains an additional

peptide bond which could probe for hydrogen bonding near the active site of the enzyme.
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Scheme 4. Synthesis of 12

Finally we replaced the ca-methyl ketone unit in trichostatin A 1 by an amide bond which resulted in
analogue 15. Attempts to use carbodiimide or mixed anhydride coupling techniques with para-dimethylamino

benzoic acid 13 failed, probably due to the highly deactivating influence of the para-substituent. But we

113

succeeded using BOP-C1™ as the coupling reagent (scheme 5).
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Scheme 5. Synthesis of 15

The inhibitory potency of the hydroxamates 6, 9, 12 and 15 and the carboxylic acids 8, 11 and 14 was

tested using maize histone deacetylases as published previously'. All carboxylic acids and the proline and
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alanine derived hydroxamates 9 were inactive at 30 uM. In contrast the phenylalanine derivatives 6 and the
dimethylaminobenzoic acid amide 15 were potent inhibitors of pure deacetylase HD 2'° (at 30 uM: 6a 76 %
inhibition; 6b 82 %; 15 94 %'®). These inhibitory concentrations are in the range of various cyclotetrapeptides
(ICs = 10 pM™" | but still two orders of magnitude above 1 (ICs = 0.1 uM™). Thus synthetic non-
cyclotetrapeptide inhibitors of histone deacetylase § and 12 can be obtained by an facile synthetic sequence in

four steps. These are promising findings on the way to simple nanomolar inhibitors of histone deacetylase.

Acknowledgements: M. Jung likes to thank Prof. Dr. B. Unterhalt for his generous support.

1. Parthun, M.R.; Widom, J.; Gottschling, D E. Cell 1996, 87, 85-94.

2. Brownell, J.E.; Zhou, J; Ranalli, T.; Kobayashi, R.; Edmondson, D.E ; Roth, S.Y ; Allis, C.D. Cell

1996, 84, 843-851.

Loidl, P. FEBS Lett. 1988, 227, 91-95.

a) Bradbury, E. M. Bioessays 1992, 14, 9-16; b) Loidl, P. Chromosoma 1994, 103, 441-449.

Yoshida, M.; Horinouchi, S.; Beppu, T. Bioessays 1995, 17, 423-430.

a) Kelloff, G. J.; Boone, C. W; Steele, V. E.; Fay, J. R;; Lubet, R. A,; Crowell, J. A; Sigman, C. C.

J. Cell. Biochem. 1995, Suppl. 20, 1-24. b) Sartorelli, A. C. Br. J. Cancer 1985, 52, 293-302.

7. a) Lotan, R. J. Natl. Cancer Inst. 1995, 87, 1655-1657. b) Holick, M. F. Am. J. Clin. Nutrition 1994,
60, 619-630.

8. Kruh, J. Mol. Cell. Biochem. 1982, 42, 65-82.

9. Lea, M. A ; Tulsyan, N. Anticancer Res. 1995, 15, 879-834.

10. a) Taunton, J; Collins, J. L.; Schreiber, S. L. J. Am. Chem. Soc. 1996, /18, 10412-10422 and references
cited therein. b) Taunton, J.; Hassig, C. A.; Schreiber, S. L. Science 1996, 272, 408-411.

11. Mori, K ; Koseki, K. Tetrahedron 1988, 44, 6013-6020.

12. 50 mg crude dissolved in MeOH, PSC RPz Fys54, (1 mm, 20 x 20 cm), Merck, MeOH/H,O 3:2, Rf = 0.7

13. Cabré, J.; Palomo, A. L.; Synthesis 1984, 413.

14. Lechner, T., Lusser, A., Brosch, G., Eberharter, A., Goralik-Schramel, M., Loidl, P.; Biochim. Biophys.

[« SNV, B SN S ]

Acta 1996, 1296, 181-188. Pure enzyme (25 pl) was incubated (30 °C, 20 min) with [*H]acetate pre-
labeled chicken reticulocyte histones (10 pl, 4 mg/ml) and compounds (final conc. 30 pM). Reaction was
stopped by 1 M HCI/0.4 M acetate (36 pl) and ethyl acetate (800 pl). After centrifugation (10.000 g,
5 min) an aliquot of the upper phase (600 pl) was counted for radioactivity in liquid scint. cocktail (3 ml).
15. Brosch, G.; Lusser, A.; Goralik-Schramel, M.; Loidl, P. Biochemistry 1996, 35, 15907-15914.
16 . Inhibition of RPD3-type enzymes (Ref. 10b) HD 1-A and 1-B gave similar results (data not shown).
17. Maize histone deacetylases have been proven to be inhibited reversibly by cyclotetrapeptides.
Brosch, G.; Ransom, R ; Lechner, T.; Walton, J.; Loidl, P. Plant Cell 1995, 7, 1941-1950.

(Received in Belgium 10 March 1997; accepted 23 May 1997)



