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Drug discovery of CNS-penetrant histonedeacetylase inhibitors
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Central nervous system (CNS) penetrant histone deacetylase (HDAC) inhibitors

are the next-generation therapeutic agents based on a novel mechanism of action for
neurodegenerative diseases such as Alzheimer®s disease and Parkinson®s disease and psychiatric
diseases such as depression. However, many HDAC inhibitors showed have low CNS penetration ability,
and therefore we have no HDAC inhibitors approved for the treatment of neuropsychiatric disorders.
To overcome the low CNS penetration of known HDAC inhibitors, we focused on the hybrid strategy of
histamine H1 receptor antagonist and HDAC inhibitors. We designed, synthesized, and evaluated novel
hybrid compounds including the moiety of histamine HIR receptor antagonists which showed high CNS
penetration. As a result, we found highly potent,isozyme-selective and CNS-penetrant HDAC
inhibitors.In particular, identified HDAC6 inhibitor KH-259 showed significant antidepressant
activity in tail-suspension test in mice.

HDAC6



(1) (HDAC)
HDAC
HDAC
HDAC
HDAC HDAC
HDAC HDAC
HDAC
2-aminoanilide
HDAC
HDAC
(1) HDAC1
Hi (HiR) o
HiR
pyrilamine  HDAC /@)\H
HDAC1 1 /©/\N SN NH2
(Figure 1) 1  HDAC oo \
/N\
1
1 Figure 1. Chemical structure of compound 1.
2 HDACS6
HDAC HDAC1 HDAC11
HDAC6
H:R HDAC6
HDAC6
HDAC6
HDAC1 HiR
(1) HDAC1
1 pyrilamine o
o fj)LN 2:R'=H, R2= NMe,
pyrilamine | H 3:R'=F, RZ= NMe,
HiR NN NH2 4. R" = OMe, R? = pyrrolidin-1-yl
R1©/\ \ 5:R' = H, R2 = pyrrolidin-1-yl
R2 6: R' = F, R? = pyrrolidin-1-yl
human Ether-A-go-go Related Gene Figure 2. Chemical structure of compounds 2-6.
(hERG)
1
HDAC hERG 1
4-methoxybenzyl
2,3
(Figure2) hERG 1
hERG
4-6 (Figure 2)
2 HDAC6
pKa 8 9
HiR
cetirizine HiR



cetirizine

HDACG6
7
(Figure 3)
=
(1) HDAC1 1 8 |
2-6 Table 1 NHy N™ N
1 hERG N \
hERG o] N
(entries1-3) 8
hERG Figure 4. Chemical structure of compounds 8.
hERG
hERG
(entries4-6) 2-aminoanilide
8 (Figure4) 8 1 HDAC1
hERG (entry 7)
Table 1. Structure-relationship study of compounds 2-6.
Entry  Compound  HDAC1 ICs (uM) hERG inhibition (%)? Mw (Da)
1 1 48+0.4 94 419.5
2 2 53+0.3 67 389.5
3 3 6.3+1.0 100 407.5
4 4 13.7+£0.3 97 445.6
5 5 52+04 82 415.5
6 6 48+0.9 89 433.5
7 8 22+0.3 49 389.5
aTheinhibitory activity of each compounds were evaluated at 10 pM.
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Table 2. Evaluation of isozyme-selectivity, metabolic stability and hERG inhibitory activity.

ICso0 (LM) human M S?

compound HDAC1 HDAC4 HDAC6 hERG % remaining®
1 48+0.4 532+7.2 > 100 uM 37+0.8 1
2 224+0.3 12.1£0.5 > 100 uM 109+0.8 63

aMS: metablic stability
b %% remaining after incubation with human liver microsome for 60 min.
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Table 3. Evaluation of central nervous system-penetrant HDACG6 inhibitors 7, 9, 10.
1Cso (LM)
HDACG? HDAC1? HDAC42 hERG? brain/plasma’ Immobility time ()¢

7 0.11+0.013 44+021 4.4+057 0.66+0.08 7.91+£0.13 410.7+35.8
9 026+£0028 104+13 924037 73.1+12.1 4.37+043 507.3+£21.6
10 026+£024 6.7+0.14 123+041 106+16.3 6.73+0.99 453.0+32.8

@Data are expressed as the mean + SD (n = 3).

b Data are expressed as the mean = SD (n = 4).

¢ The compounds were administered in mice (10 mg/kg, i.p.).
4 |mmobility time of control (saline) is569.6 £27.6s.
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