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Amamistatins A and B are natural products found to have anti-proliferative effects against MCF-7, A549, and MKN45 human tumor cell lines

(ICs0 0.24—0.56 uM). It was proposed that their activity was due to histone deacetylase (HDAC) inhibition mediated by the N-formyl- N-hydroxy
lysine moiety. Amamistatin B fragment analogs were synthesized and screened for biological activity. These compounds were modest HDAC
inhibitors and showed antitumor activity against MCF-7 and PC-3 human tumor cells.

Histone deacetylase (HDAC) enzymes work with histone  Amamistatins A and B are natural products isolated from
acetyltransferases (HATs) to modulate levels of histone the actinomycet®&locardia asteroide$ Amamistatin A was
acetylation, which are directly related to gene expressfon. found to have anti-proliferative effects against MCF-7 breast,
Aberrant recruitment of histone deacetylases can lead to geneA549 lung, and MKN45 stomach human tumor cell lines,
silencing and tumor growth, and small molecule HDAC with ICso values of 0.48, 0.56, and 0.24M, respectively.
inhibitors cause differentiation, growth arrest, and apoptosis The amamistatin structure, containing a lysine-deriixed

in tumor cells* Many HDAC inhibitors such as Trichostatin ~ formyl hydroxylamine, is very similar to that of related
A (TSA)* and SAHA (Figure 1) contain a hydroxamic acid natural products formobactfhnocobactin'? brasilibactint*
moiety, used to chelate the catalytic Znfound in the and the mycobactid$(Figure 2). We proposed that the anti-
enzyme active site. Thie-formyl hydroxylamine, or retro-
hydroxamate, is an alternative zinc-binding ligand that has ,,
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Scheme 1. Synthesis of Hydroxyphenyl Oxazole
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The first step in the synthesis of tiNeformyl hydroxyl-

Figure 1. Hydroxamic acid and retrohydroxamate HDAC inhibi- amine fragment was methyl esterification Nfo-Cbz-d-
tors. lysine 6 (Scheme 2). Oxidation of the terminal amino group

cancer activity exhibited by the amamistatins and related gcheme 2. Synthesis of Protected Lysine Retrohydroxamate
compounds was due to HDAC inhibition mediated by the

o 0
N-formyl hydroxylamine ligand. CbzHN 1.80Cl, CbzHN
L. . . OH MeOH OMe
As an initial test of our hypothesis, we synthesized a set 6 2.BPO, CH,Cl,
of compounds containing the retrohydroxamate, which %/10.5 butfer
corresponds with a portion of the amamistatin structure. With jJ\
the N-formy! hydroxylamine in place for Zi coordination, N, AN~ ~pn
the hydroxyphenyl oxazole moiety should be in a position 5
_to mi_mic the aromatic cap groups found in many HDAC PrNEt  CozHN oMo HCOH
inhibitors. BnBr, MeOH EDC, CH,Cl,
Synthesis of the hydroxyphenyl oxazole fragment began 68% 95%
with salicylic acid and threonine protected as the benzyl ether
and benzyl ester, respectively (Scheme 1). EDC-mediated \H/N\O
coupling affordedx-hydroxy amide3, and one-pot cycliza- 0
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with dibenzoyl peroxid¥ was followed by formylation.
\n’ “OH Removal of the benzoyl group and reprotection as the benzyl
Amamistatin A R = OMe hydroxamate led to the more stable compouhdChz

Amamistatin B R =

deprotection with HBr gave the hydrobromide saQ in

guantitative yield.

Oxazole5 and retrohydroxamat&0 were joined via an
EDC-mediated coupling to give amidd. Deprotection by
hydrogenolysis revealed thé-formyl hydroxylamine 12,
Scheme 3). A small set of related retrohydroxamates was

prepared using the same method starting from benzoic acid

\n’ “OH andN-o-Cbz+-lysine.
Formobactin R’ = Ve, oxazole R = H: RO = Me: 1= 3 The amamlstatln-basgd retrohydroxamat@s-16 were
Nocobactin R' = Me, oxazole: R2 = Me: R® = H: n = 3, 5 screened in an enzymatic HDAC assay, as well as in cellular
Brasilibactin R = H, oxazoline; R2=H; R®=H; n=9
Mycobactin M R =Me, oxazoline; R? = Me; R® = H; n = 11 (13) Phillips, A. J.; Uto, Y.; Wipf, P.; Reno, M. J.; Williams, D. Rrg.
_ o Lett. 200Q 2, 1165-1168.
Figure 2. Amamistatins A and B and related natural products. (14) Wang, Q. X.; King, J.; Phanstiel, O., IJ. Org. Chem1997, 62,
8104-8108.
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Scheme 3. Synthesis of Amamistatin-Based HDAC Inhibitors
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assays against MCF-7 (breast cancer) and PC-3 (prostate
cancer) cells. The assay results are summarized in Table 1

Table 1. HDAC Inhibition and Antitumor Activity of
Amamistatin-Based Retrohydroxamates
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inhibition (%)
HDAC MCF-7 PC-3
Ry Rs * (10 uM) (20 uM) (20 uM)
12 OH H R 45 19 63
13 H H R 22 18 22
14 OH H S 73 65 43
15 H H S 53 65 23
16 OH Me N 0 50 18

The compounds containing-formyl hydroxylamine 12—
15) showed modest HDAC inhibition, whereas tReacetyl
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hydroxylaminel6 was inactive. This mirrored what has been
reported in the literature for retrohydroxamate HDAC
inhibitors®7 Interestingly, the level of HDAC inhibition for
these compounds did not correlate with growth inhibition in
either the MCF-7 or PC-3 cellular assays. This indicates that
although the amamistatin-basétformyl hydroxylamines
may have an effect on tumor cell growth via HDAC
inhibition, alternate mechanisms of action must also be
involved.
To follow up on this work, the syntheses of Amamistatin
and analogs were completed. These compounds, also
containing theN-formyl hydroxylamine ligand, showed no
HDAC inhibition, even at a concentration of 1@®1. This
same lack of HDAC inhibition was also observed with
synthetic brasilibactin A, as reported by Shwmamistatin
B and analogs were, however, extremely potent growth
inhibitors of MCF-7 cells, with 1G, values of 126-200 nM.
Full details regarding the synthesis and biological activity
of these compounds will be reported shortly.
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