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Histone deacetylase (HDAC) inhibitions are knowrlioit anticancer effects. We designed
synthesized several HDAC inhibitors./Among thesapounds, compourdD exhibited amore
than 10-fold stronger inhibitory activity comparetth that of suberoylanilide hydroxamic acid
(SAHA) against each human HDAC isozymmevitro (ICso values 0f40: HDAC1, 0.0038uM;
HDAC2, 0.0082uM; HDAC3, 0.015pM; HDACS, 0.0060uM; HDAC4, 0.058uM; HDAC9,
0.0052uM; HDACS6, 0.058uM). The dose of the administered HDAC inhibitdhsit contai
hydroxamic acid as the zinc-binding group may bduced by40. Because the carbostyril
subunit is a time-tested structural component afysirand biologically active compoundi)
most likely exhibits good absorption, distributiometabolism, excretionand toxicity
(ADMET). Thus, compoundO is expected to be a promising therapeutic ageshemical toc
for the investigation of life process.

©2014 The Authors. Published by Elsevier Ltd. Agihts reserved.

1. Introduction

At the molecular level, histone deacetylases (HDACs
catalyze the deacetylation efN-acetyl lysine residues not only
on histone proteins but also on non-histone prstéjrsuch as
tumor suppressor proteins, transcriptional factorsjclear
receptors, and signal mediators, and therefore ataiymportant
role in epigenetic transcriptional regulafiofrrom the point of
view of cancer, HDACs have much influence on peoétion,
differentiation, cell cycle arrest, and/or apopsosi The
deacetylation of lysine residues on histone pretéads to DNA
transcriptional repression because the coilingghwbmatin are
too tight for transcription factors to access them. this
deacetylated state of chromatin, genes such a&'p#1™, Gadd
45, FAS, and caspase-3, which are related to gelearrest and
apoptosis in tumor cells, are transcriptionallycihaated. Thus,
HDAC inhibition on histone proteins is promisingagegy to
achieve anticancer effects. However, the assoniafoHDACs
with their non-histone protein substrates has begraled. The
acetylation of p53 or Runx3, which is a tumor s@sgor protein,
increases its stability and its binding affinity RINA, and the
acetylation of p53 results in an increase in reldatanscriptional
activatiorf®>. Thus, HDAC inhibition on non-histone proteins
may also result in anticancer effects. In additidgtDAC
overexpression has been recognized in many typesuofan
cancerd Therefore, HDAC inhibitors are potential anticenc
drug candidates.

The 18 human HDACs are subdivided into four cladssed
on their amino acid sequences. Class | (HDACs teB8), class
lla (HDACs 4, 5, 7, and 9), class IIb (HDACs 6 dr@j, and
class IV (HDAC 11) are zinc-dependent metallohyalsek,
whereas class Il HDACs (sirtuins 1-7) are NA@ependent.
p53 and Runx¥ have been implicated in HDAC1, and Rutk3
is implicated in HDACS. It has been suggested thatoverex-
pression of HDAC1-3 is associated with breast cdfid@and
that HDACS is associated with T-cell lymphothand neuroblas-
toma tumorigenesi§ As previously described, HDAC isozymes
are intricately interrelated with histone proteamsl non-histone
proteins.

Vorinostat (suberoylanilide hydroxamic acid, SAH#)d
romidepsin have been approved for the treatmeotitaineous T-
cell ymphoma (CTCL) by the US Food and Drug Adrsiration
(FDA) (Figure 1). Vorinostat was used for the treant of
CTCL in 21 countries in 2011. Recently several HDiAGIbitors
have been investigated in clinical trials as patécancer
treatments Novel HDAC inhibitors are expected to cure paten
suffering from a variety of cancers. In the prestady, we
synthesized novel and highly-active pan-HDAC intuts.

2. Chemistry

Compoundsl-43 were designed and synthesized in this study.
Their structures and synthetic routes are outline8ichemes 1-7
and Tables 1-4. The letters X, Y, Z, Y, and B irh&uoes 1-5
correspond to those in Tables 1-3. The analysihefstructural
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features shows that the carbostyril subunit, wiscbften used in
biologically active compounds, as the cap group laydfoxamic
acid as the zinc-binding group are tethered witrakkyl chain.
The synthetic route of compountid 1 is described in Scheme 1.
The nucleophilic substitution of the correspondiagbostyrit®
or coumarin phenoxide44 to bromides yielded the etheds.

sulted in different activity results. The rank ardé activity
strength based on X-Y tended to be CH=CH > G{)g8H, >
CH,-CH,. Thus, in addition to the zinc-binding group, theer-
action of both the cap group and the connectiohhgtiveen the
linker and the cap group to HDAC proteins is crufdathe
activity. The linkers with n = 5 were slightly sher based on the

The hydroxamic acid$-11 were obtained by the replacement of results ofl6 and23 at 0.1uM. Compared withl7 and24, com-
estersA5 with NH,OH. Second, the synthetic route of compoundspoundsl3 and20 showed higher activity at 0M, respectively,
12-18, 26, 30, and 32 is described in Scheme 2. Dicarboxylic which indicates that a linker length of n = 6 is thest in this

acid mono esters and the corresponding carbostwgiiines 46
were condensed with EDCI, and the estitsvere then replaced
with NH,OH'® to afford compound&2-18, 26, 30, and32. Third,
the synthetic route used to produt®-25, 27-29, and 31 is
described in Scheme 3.
corresponding carbostyril or coumarin carboxyliedael8 were
condensed with EDCI, and the este$ were replaced with
NH,OH'® to afford compound9-25, 27-29, and31.

Compounds33-35 were then synthesized using the route

shown in Scheme AN-Boc-bromobenzylamin&l was obtained
through Gabriel amine synthe¥isand subsequent protection.
Ethyl acrylate was introduced through a Heck reatliin good
yield. Through the coupling of deprotected amir® and
carbostyril carboxylic acids with EDCI, the estemre converted
to compound$3-35 with NH,OH"®. Amines® were added to the

carbostyril sulfonyl chloride54”°, and the esters were converted

with NH,OH™ to yield compound86-38 (Scheme 5). In reverse,
the addition of 6-amino-3,4-dihydrocarbostyril tolfenic acid
56 derived from 7-bromoheptanoic acid methyl eSteprovided
39 (Scheme 6).

The synthetic route used for the productiod®@#3 is de-
scribed in Scheme 7. These routes are startedtfretrans and
cis forms of 1,4-cyclohexanedimetha®8l After mono-
benzylation, the other hydroxyl group was mesylated then
replaced with Nah The amines provided by the hydrogenolysis
of azides were coupled to 4,4-dimethyl-3,4-dihydirbostyril-6-
carboxylic acid with EDCI to form amidé&®. The hydroxyl
groups obtained by the high-presure hydrogenobfsienzyl
groups were oxidized with Dess-Martin periodirfaraad then
subject to a Horner-Emmons reaction to generatess. The
replacement of esters with NBIH'® gave compound40 and42.
In contrast, through a reduction of the double bloyd
hydrogenation, the replacement of esters with®H° produced
compound#1 and43.

3. Results and discussion

Two types of enzyme assays, using rat liver HDAGS lau-
man HDAC isozymes, were performed in this studye fésults
of the enzyme assays performed with SAHand1-43 using rat
liver HDACs are shown in Tables 1-4. All of the goooinds in
which the cap group and the linker were connecyeadrbether
bond showed low activity at OlIM and high activity at 1QM
with the exception of compourt(Table 1). Although it is well-
known, the linker of HDAC inhibitors has the appriage
lengttf®. The weak activity off, which possessed a shorter linker
than the other compounds, reflects this fact. Tiest lengths of
SAHA and1-11, with the exception of, were similar. It is thus
apparent that the ether bonds in this region ofitbkecules are
repulsive to HDAC enzymes. Therefore, the ethedsamere
replaced with an amide bond in the next design,thadther
series compound with the longer linker was notlsgsized.

Interestingly, some of the compounds with an amiolenect-
ion elicited stronger activity than SAHA (Table ZJhis suggests
the existence of a hydrogen bond between this aoudeection
and HDAC proteins. The structural features of téye group re-

amide connection series. The comparisons of theeamd the
corresponding reverse amide at M, e.g.,12 (66%) andl9
(68%),13 (51%) and20 (45%),14 (58%) and?1 (44%),15
(49%) and22 (57%), and26 (55%) and?9 (50%), which are

In this route, amines and thshown in Tables 2 and 3 with the percent inhihifio

parentheses, did not obviously reveal which typamide is
better in this assay using rat liver HDACs. TheecakA =
NHCO in Table 2 is preferable in drug design beedosgic
aniline metabolites cannot be formed.

The assay results with the modified compounds besdtiese
findings are shown in Table 3. The compounds witly@ro-
phobic cap group, i.e.,.compour2& 32, elicited higher activity
than SAHA. The comparisons of the results obtaimid the
corresponding less hydrophobic compounds aM1for
example26 (55%) andl4 (58%),27 (63%) andl9 (68%),28
(51%) and20 (45%),29 (50%) and21 (44%),30 (52%) andl4
(58%),31 (70%) andl9 (68%), and32 (42%) andl4 (58%),
which are shown in Tables 2 and 3 with the perag#gnibition in
parentheses, revealed that both cap forms withdeopyobic
character gave almost the same results inrthigro enzyme
assay. The amide bonds and the related substijuamps on
positions 1 and 2 of carbostyril did not markediteract with
HDAC proteins. However, thi@ vitro andin vivo cell assays
show that the both cap forms may give differentitesdue to
other factors, such as membrane permeability. Bhgpounds
possessing sulfonamide and reverse sulfonamideeasohnec-
tion unit, i.e., compound36-39, had low activity. Of compounds
with a linker containing an aromatic ring, the pfoan 34
elicited stronger activity than SAHA.

The compounds with a linker containing an aromaiig
exhibited low solubility. To improve this low solliby, the
benzene ring was saturated to form a cyclohexamg in the
molecular design. The assay results of the regultompounds
are shown in Table 4. The trans fordtsand41 elicited stronger
activity than SAHA, but the cis form#2 and43 elicited weaker
activity. The lengths between the carbonyl oxygwmaof the
hydroxamic acid group and the carbonyl oxygen awfithe
connection amide group on position 6 of carbostymire
calculated by MM2 stabilization in a vacuum staging the
Chem3D, software (version 13). Although the apprate rank
order of the linker length wag0 (11.33A) > 41 (10.56A) > 42
(9.334) > 43 (8.87A), showing calculated length in parentheses,
the rank order of the activity strength wis> 41 > 43 > 42. The
cyclohexyl linkers were so rigid that the calcuthteengths
presumably reflect the actually observed lengthke Tinker
length of40 resulted in the best interaction with HDAC progein

The results of enzyme assays with SAHA and sewéithle
synthesized compounds using human HDAC isozymesharen
in Table 5. The rank order of the activity strengttithe
cyclohexyl series wa40 > 41 = 43 > 42, which is mostly consis-
tent with that obtained in the enzyme assays usingiDACs.
Surprisingly, compoundo elicited a more than 10-fold increase
in pan-spectrum inhibitory activity compared wittat of SAHA
against human HDAC isozymes, particularly agairBg8.
Structurally, the active site of HDAC proteins far cylindrical
cave, and the zinc is located at the bottom ofdhig®. The
analysis of the interaction mode between HDAC pnstand



HADC inhibitors shows that the zinc-binding grogbelate the
zinc atoms at the bottom of the cave and thatdve enouths are
covered with the cap groups. Furthermore, the fimkaeract
with the wall surface of the cave. Thus, it is hysized that
cyclohexyl linkers such as that found in compodQdettle in
the cylindrical cave in a thermodynamically morabdé state
than straight-chain linkers, such as that foun8AHA, due to
various factors, such as hydrophobic bonds.

= 4, Conclusions

The carbostyril derivatives designed and synthesizehis
study elicited HDAC inhibitory activity. Of thes¢uslied struc-
tures, compound0 exhibited much stronger pan-spectrum
HDAC inhibitory activity than SAHA. Pan-spectrum AQ
inhibitors and selective-spectrum HDAC inhibitoesve their
own advantages. It is true that selective HDACHitbrs are
very effective for the treatment of chronic diseadee to their
few side effects, but their effect in the treatmefinacute diseases
is different. In these cases, pan-spectrum HDAitdrs will
exert serious effects even though they might yselche side
effects, depending on the conditions. Many typesaoicers are
considered representative examples of acute dseaaskhave
complicated pathological mechanisms. The analysi#DACs,
which catalyze the deacetylaion of histone protaims non-
histone proteins as their substrates, has shownhtése proteins
are involved in a variety of processes, includingmession,
onset, progression, and apoptosis of cancer tettsigh
complicated mechanisms. If that is true, it is thassible that
pan-spectrum HDAC inhibitors may be attractive agdor
treatment of cancers. This hypothesis is suppdoyettie fact that
SAHA and romidepsin have been approved for thertreat of
CTCL by FDA. Therefore, the stronger pan-spectrubAg
inhibitory activity of compoundoO is one of its advantages. The
dose of the administered HDAC inhibitors that conta
hydroxamic acid as the zinc-binding group may lokiced by
compound40, which may result in low side effects and toxeti
Moreover, because the carbostyril subunit is a-tieséed
structural component of drugs and biologically\eeti
compound®?, 40 may possess good features of absorption,
distribution, metabolism, excretion, and toxiCiOMET).

Thus, compoundo is expected to be a good therapeutic agent
for cancers and can be used as a chemical tooVéstigate the
process of life phenomena, particularly epigenetioacerning
HDACSs.

5. Experimental procedures

5.1 Chemistry

The commercial solvents and reagents used in tiniy svere
generally used without further purification. Colurahromatog-
raphy was conducted on silica gel 60 (230-400 mésdrck).

The *H-NMR spectra were recorded on a Bruker Avance 30%

spectrometer. The chemical shifts in th&NMR spectra are
given in parts per million (ppnd) relative to tetramethylsilane
(60.00) as the internal standard, and the couplintstemts are
reported in hertz. The multiplicities are given sagsinglet), br
(broad), d (doublet), t (triplet), g (quartet), ddoublet of
doublets), dt (doublet of triplets), and m (muki)l The LRMS
spectra were recorded on a Shimadzu LCMS-2020uimstnt.

5.1.1.6-(3,4-dihydrocarbostyril-6-yloxy)hexanoic acid
ethyl ester (representative of compoud8) as the general
procedurdor the synthesis of the intermediatelefl

A solution of 6-hydroxy-3,4-dihydrocarbostyril (¢esponding
to 44) (2.00 g, 12.26 mmol) in DMF (10 ml) was addedpivise
to a suspension of NaH (60% in mineral oil, 0.594,71 mmol)
in DMF (5 ml) for 14 min at 8C with a Cad] tube. After stirring
for 20 min at OC, a solution of 6-bromohexanoic acid ethyl ester
(3.06 g, 13.48 mmol) in DMF (7 ml) was added dragavio the
reaction mixture for 7 min at°C. The reaction mixture was
stirred overnight, during which time the ice wadowakd to
gradually melt and was subsequently stirred for 8t H10C.
After cooling, HO (100 ml) was added to the mixture, and the
resulting mixture was extracted with ACOEt (100 mB). The
combined organic layer was washed witf)OH100 ml x 1) and
brine (100 ml x 1), dried over BBO, (anhyd.), filtered, and
concentrated under reduced pressure. The crudeugiradas
purified through open silica’ gel column chromatedma (n-
hexane:AcOEt = 1:2) to afford a colorless solilb@g, 8.38
mmol, y. 68%). Colorless needles-l{exane / AcOEt). Mp. 79-
80°C. 'H-NMR (300 MHz/ CDC}) §1.26 (3H, t,J = 7.2 Hz,
CH,CHy), 1.47-1.52 (2H, m, C}), 1.65-1.81 (4H, m, CHx 2),
2.33 (2H,tJ = 7.4 Hz, CH), 2.61 (2H, tJ = 7.5 Hz, CH), 2.93
(2H, t,J = 7.4Hz, CH), 3.92 (2H, tJ = 6.5 Hz, CH), 4.13 (2H,
0, J = 7.2 Hz, CHCH;), 6.65-6.69 (2H, m, ArH), 6.72 (1H, s,
ArH), 7.91 (1H, s, NH).

5.1.2.6-(3,4-dihydrocar bostyril-6-yloxy)hexanoic acid
hydroxyamide (2) as the general procedure for the synthesis of
1-43

A solution of NHOH in 50% water (0.40 ml, 6.55 mmol) was
added dropwise to a suspension of 6-(3,4-dihydbmsyril-6-
yloxy)hexanoic acid ethyl ester (correspondingd® (200 mg,
0.66 mmol) in MeOH (1.2 ml) at°@. After stirring for 4 min at
0°C, NaOMe in 25% MeOH (0.75 ml, 3.28 mmol) was added
dropwise to the reaction mixture. After stirring fb h at 6C,
sat.NHCI (10 ml) was added to the mixture. The precipitabs
gathered, washed with,B® and thenn-hexane, and dried to
afford a colorless solid (173 mg, 0.59 mmol, y. 90%olorless
powder (ACOEt). Mp. 178-17€. 'H-NMR (300 MHz / DMSO-
dg) 81.31-1.41 (2H, m, Ch), 1.49-1.59 (2H, m, CH, 1.62-1.71
(2H, m, CH), 1.96 (2H, tJ = 7.2 Hz, CH), 2.39 (2H, tJ=7.5
Hz, CH,), 2.82 (2H, tJ = 7.7 Hz, CH), 3.87 (2H, tJ = 6.5 Hz,
CH;,), 6.69 (1H, ddJ = 8.6, 2.6 Hz, ArH), 6.75 (1H, d,= 8.1
Hz, ArH), 6.76 (1H, s, ArH), 8.66 (1H, s, NH), 9.8BH, s, NH),
10.33 (1H, bs, NOH). LRMS (ESI+) m/z 293 [M+H]LRMS
(ESI-) m/z 291 [M-H].

5.1.3.6-(carbostyril-6-yloxy)hexanoic acid hydroxyamide
)

Colorless powder (ACOEt). Mp. 199-2. "H-NMR (300

Hz / DMSO<s) §1.37-1.45 (2H, m, Ch), 1.52-1.59 (2H, m,
CH,), 1.70-1.75 (2H, m, C§), 1.98 (2H, tJ = 7.2 Hz, CH), 3.97
(2H, t,J = 6.5 Hz, CH), 6.48 (1H, d,) = 9.3 Hz, ArH), 7.13 (1H,
dd,J = 9.0 Hz, 2.7 Hz, ArH), 7.19 (1H, d,= 2.4 Hz, ArH), 7.24
(1H, d,J = 9.0 Hz, ArH), 7.83 (1H, d] = 9.6 Hz, ArH), 8.68 (1H,
s, NH), 10.38 (1H, s, NH), 11.62 (1H, s, NOH). LRNESI+)

m/z 291 [M+H]. LRMS (ESI-) m/z 289 [M-H]

The HRMS spectra were recorded on a Shimadzu AXIMA 5.1.4.6-(4,4-dimethyl-3,4-dihydrocarbostyril-6-yloxy)hex-

Confidence instrument. The melting points were e using
Yanako micro metling point apparatus and were uected.

anoic acid hydroxyamide (3)

Colorless powdemthexane / AcOEt). Mp. 99-102. H-
NMR (300 MHz / DMSO¢) 81.20 (6H, m, CH x 2), 1.38-1.40
(2H, m, CH), 1.52-1.55 (2H, m, C}}, 1.65-1.70 (2H, m, C}j,
1.97 (2H,tJ =7.2 Hz, CH), 2.29 (2H, s, Ch), 3.89 (2H, tJ =



6.5 Hz, CH), 6.71 (1H, ddJ = 8.7, 2.4 Hz, ArH), 6.78 (1H, d,
= 8.4 Hz, ArH), 6.81 (1H, d] = 2.4 Hz, ArH), 8.66 (1H, s, NH),
9.95 (1H, s, NH), 10.34 (1H, s, NOH). LRMS (ESI-Jz819
[M-H] .

5.1.5.4-(3,4-dihydrocar bostyril-6-yloxy)butanoic acid
hydroxyamide (4)

Colorless powder (ACOEt). Mp. 190-1%L "H-NMR (300
MHz / DMSO-ds) 51.85-1.94 (2H, m, CH, 2.11 (2H, tJ = 7.4
Hz, CH), 2.39 (2H, tJ = 7.7 Hz, CH), 2.82 (2H, tJ = 7.5 Hz,
CHy), 3.88 (2H, tJ = 6.3 Hz, CH), 6.70 (1H, ddJ = 8.7, 2.7 Hz,
ArH), 6.75 (1H, dJ = 7.8 Hz, ArH), 6.76 (1H, dl = 2.7 Hz,
ArH), 8.69 (1H, s, NH), 9.89 (1H, s, NH), 10.40 (1§, NOH).
LRMS (ESI+) m/z 265 [M+H]. LRMS (ESI-) m/z 263 [M-H]

5.1.6.6-(coumarin-6-yloxy)hexanoic acid hydr oxyamide (5)

Colorless powdemthexane / AcOEt). Mp. 124-126.H-
NMR (300 MHz / DMSO¢) 1.37-1.45 (2H, m, C}hj, 1.51-1.61
(2H, m, CH), 1.68-2.00 (2H, m, C§), 1.98 (2H, tJ = 7.2 Hz,
CH,), 4.00 (2H, tJ = 7.2 Hz, CH), 6.48 (1H, d,J) = 9.6 Hz,
ArH), 7.19 (1H, ddJ = 9.0, 3.0 Hz, ArH), 7.28 (1H, d,= 2.7
Hz, ArH), 7.33 (1H, dJ = 9.0 Hz, ArH), 8.00 (1H, d] = 9.6 Hz,
ArH), 8.67 (1H, dJ = 1.2 Hz, NH), 10.35 (1H, s, NOH). LRMS
(ESI+) m/z 292 [M+H]. LRMS (ESI-) m/z 290 [M-H]

5.1.7.6-(carbostyril-7-yloxy)hexanoic acid hydroxyamide
(6)

Colorless powder (ACOEt). Mp. 174-178% "H-NMR (300
MHz / DMSO+g) 61.35-1.45 (2H, m, C§), 1.51-1.61 (2H, m,
CH;,), 1.69-1.78 (2H, m, CH, 1.98 (2H, tJ = 7.2 Hz, CH), 3.99
(2H, t,J = 6.3 Hz, CH), 6.29 (1H, dJ = 9.6 Hz, ArH), 6.76-6.79
(2H, m, ArH), 7.54 (1H, d) = 9.3 Hz, ArH), 7.79 (1H, d = 9.3
Hz, ArH), 8.67 (1H, s, NH), 10.35 (1H, s, NH), 1.8 H, s,
NOH). LRMS (ESI+) m/z 291 [M+H] LRMS (ESI-) m/z 289
[M-H]".

5.1.8.6-(3,4-dihydrocarbostyril-7-yloxy)hexanoic acid
hydr oxyamide (7)

Colorless powder (ACOEt). Mp. 130-1%2 *H-NMR (300
MHz / DMSO-dy) 61.33-1.38 (2H, m, CH), 1.52-1.57 (2H, m,
CHy), 1.65-1.70 (2H, m, CH), 1.97 (2H, tJ = 7.5 Hz, CH), 2.41
(2H, t,J= 7.5 Hz, CH), 2.78 (2H; tJ = 7.4 Hz, CH), 3.87 (2H,
t,J= 6.5 Hz, CH), 6.42 (1H, dJ = 2.4 Hz, ArH), 6.47 (1H, dd|
= 8.3 Hz, 2.6 Hz, ArH), 7.03 (1H, d,= 8.1 Hz, ArH), 8.66 (1H,
s, NH), 9.96 (1H, s, NH), 10:35 (1H, s, NOH). LRNESI+) m/z
293 [M+HJ". LRMS (ESI-) m/z 291 [M-H]

5.1.9.6-(4,4-dimethyl-3,4-dihydrocar bostyril-7-yloxy)-
hexanoic acid hydroxyamide (8)

Colorless powdemthexane / ACOEt). Mp. 62-68. 'H-NMR
(300 MHz / DMSOd) §1.18 (6H, s, Chix 2), 1.34-1.41 (2H, m,
CH,), 1.49-1.57 (2H, m, C), 1.63-1.70 (2H, m, C§), 1.97 (2H,
t,J= 7.4 Hz, CH), 2.30 (2H, s, Ck), 3.87 (2H, tJ = 6.5 Hz,

CH,), 6.43 (1H, dJ = 2.7 Hz, ArH), 6.52 (1H, ddl = 8.4, 2.4Hz,
ArH), 7.15 (1H, d,J = 8.4 Hz, ArH), 8.66 (1H, s, NH), 10.01 (1H,
s, NH), 10.33 (1H, bs, NOH). LRMS (ESI+) m/z 3214M]".
LRMS (ESI-) m/z 319 [M-H]

5.1.10.6-(3,4-dihydrocar bostyril-5-yloxy)hexanoic acid
hydroxyamide (9)

Colorless powder (ACOEt). Mp. 159-1%D 'H-NMR (300
MHz / DMSO-ds) 1.37-1.45 (2H, m, CH, 1.51-1.60 (2H, m,
CH,), 1.67-1.76 (2H, m, CH, 1.97 (2H, tJ = 7.2 Hz, CH), 2.40
(2H, t,J = 7.8 Hz, CH), 2.79 (2H, tJ = 7.7 Hz, CH), 3.94 (2H,
t,J=6.3 Hz, CH), 6.47 (1H, dJ = 7.8 Hz, ArH), 6.58 (1H, d]

= 8.1 Hz, ArH), 7.06 (1H, t) = 8.1 Hz, ArH), 8.66 (1H, s, NH),
10.00 (1H, s, NH), 10.33 (1H, s, NOH). LRMS (EStwjz 293
[M+H]*. LRMS (ESI-) m/z 291 [M-H]

5.1.11.6-(carbostyril-8-yloxy)hexanoic acid hydroxyamide
(10)

Colorless powder (ACOEt). Mp. 122-122 "H-NMR (300
MHz / DMSO-dg) 81.43-1.50 (2H, m, C}), 1.53-1.63 (2H, m,
CH,), 1.78-1.87 (2H, m, C§), 2.00 (2H, tJ = 7.1 Hz, CH), 4.08
(2H, t,J = 6.3 Hz, CH), 6.52 (1H, d,J = 9.6 Hz, ArH), 7.07-7.14
(2H, m, ArH), 7.22 (1H, ddJ = 6.0, 3.0 Hz, ArH), 7:88 (1H, d,
= 9.6 Hz, ArH), 8.68 (1H, s, NH), 10.37 (1H, s, NHP.72 (1H,
s, NOH). LRMS (ESI+) m/z 291 [M+H] LRMS (ESI-) m/z 289
[M-H] .

5.1.12.6-(3,4-dihydrocar bostyril-8-yloxy)hexanoic acid
hydroxyamide (11)

Colorless oil'H-NMR (300 MHz / CDC}) 51.49-1.54 (2H, m,
CH,), 1.70-1.82 (4H, m, CHix 2), 2.23 (2H, tJ = 6.9 Hz, CH),
2.61 (2H, tJ = 7.5 Hz, CH), 2.94 (2H, tJ = 7.5 Hz, CH), 3.99
(2H, t,J = 6.0 Hz, CH), 6.71-6.75 (2H, m, ArH), 6.91 (1H,&=
8.0 Hz, ArH), 8.24 (1H,'s, NH), 9.84 (1H, bs, NOHRMS
(ESI+) m/z 293 [M+H]. LRMS (ESI-) m/z 291 [M-H]

5.1.13.7-(3,4-dihydrocar bostyril-6-ylcar bamoyl)heptanoic
acid benzyl ester (representative of7) as the general procedure
for the synthesis of the intermediatel@f18, 26, 30, and32

The reaction mixture of 6-amino-3,4-dihydrocarbasigorre-
sponding. to46) (78 mg, 0.48 mmol), suberic acid mono-benzyl
ester (128 mg, 0.48 mmol), HOBt (65 mg, 0.48 mmBtN (49
mg, 0.48 mmol), and ED@CI (93 mg, 0.48 mmol) in DMF (2
ml) was stirred overnight. Sat. NaHg(B0 ml) was added to the
mixture, and the resulting mixture was extractethwicOEt (30
ml x 3). The combined organic layer was washed ®ith HCI
(30 ml x 1) and then brine (30 ml x 1), dried oW#®SO,
(anhyd.), filtered, and concentrated under redywedsure. The
crude product was purified through open silica gelumn
chromatography (AcOEt) to afford a pale orangeds(liol mg,
0.25 mmol, y. 51%). Colorless powdert{exane / ACOEt). Mp.
87-88C. "H-NMR (300 MHz / CDC}) 51.36-1.38 (4H, m, CH
x 2), 1.63-1.74 (4H, m, CHx 2), 2.29-2.39 (4H, m, CHx 2),
2.61 (2H, tJ = 7.5 Hz, CH), 2.94 (2H, tJ = 7.5 Hz, CH), 5.11
(2H, s, CH), 6.71 (1H, d,) = 8.4 Hz, ArH), 7.17 (1H, ddl = 8.4
Hz, 2.1 Hz, ArH), 7.23 (1H, s, ArH), 7.34-7.37 (5hh, ArH),
7.50 (1H, s, NH), 8.13 (1H, s, NH). LRMS (ESI+) m4D9
[M+H]*. LRMS (ESI-) m/z 407 [M-H]

5.1.14.7-(car bostyril-6-ylcar bamoyl)heptanoic acid hy-
droxyamide (12)

Light green powder (CHGY MeOH). Mp. 210-211C. *H-
NMR (300 MHz / DMSO#dg) 61.27-1.29 (4H, m, Chix 2), 1.44-
1.51 (4H, m, CHx 2), 1.94 (2H, t) = 7.2 Hz, CH), 2.27-2.31
(2H, m, NCH), 6.47 (1H, dJ = 9.6 Hz, CH=), 7.23 (1H, d,=
9.0 Hz, ArH), 7.56 (1H, dd] = 8.7, 2.1 Hz, ArH), 7.85 (1H, d,
= 9.6 Hz, CH=), 7.99 (1H, d,= 1.8 Hz, ArH), 8.66 (1H, br, NH),
9.95 (1H, br, NH), 10.34 (1H, br, NH), 11.69 (1H, NOH).
LRMS (ESI+) m/z 332 [M+H]. LRMS (ESI-) m/z 330 [M-H]

5.1.15.7-(3,4-dihydrocar bostyril-6-ylcar bamoyl)heptanoic
acid hydroxyamide (13)

Colorless powder (AcOEt). Mp. 196-197. "H-NMR (300
MHz / DMSO-ds) 51.26-1.28 (4H, m, Chix 2), 1.46-1.56 (4H,
m, CH, x 2), 1.94 (2H, tJ = 7.4 Hz, CH), 2.25 (2H, tJ = 7.2
Hz, CH), 2.41 (2H, tJ = 7.5 Hz, CH), 2.82 (2H, tJ = 7.5 Hz,
ArH), 6.76 (1H, d,J = 8.4 Hz, ArH), 7.29 (1H, dd} = 8.6, 2.3
Hz, ArH), 7.43 (1H, dJ = 1.5 Hz, ArH), 8.65 (1H, s, NH), 9.73



(1H, s, NH), 9.98 (1H, s, NH), 10.33 (1H, s, NOHRMS
(ESI+) m/z 334 [M+H]. LRMS (ESI-) m/z 332 [M-H]

5.1.16.7-(4,4-dimethyl-3,4-dihydrocar bostyril-6-yI-
carbamoyl)heptanocic acid hydr oxyamide (14)

Colorless powder (ACOEt). Mp. 167-168 "H-NMR (300
MHz / DMSO-dg) 81.20 (6H, s, Cklx 2), 1.26-1.28 (4H, m, CH
x 2), 1.46-1.56 (4H, m, Ckk 2), 1.94 (2H, ) = 7.4 Hz, CH),
2.25(2H,tJ=7.7 Hz, CH), 2.31 (2H, s, Ch), 6.77 (1H, dJ =
8.7 Hz, ArH), 7.39 (1H, dd] = 8.4, 2.1 Hz, ArH), 7.51 (1H, d,
= 2.1 Hz, ArH), 8.64 (1H, s, NH), 9.74 (1H, s, NHJ.04 (1H, s,
NH), 10.32 (1H, bs, NOH). LRMS (ESI-) m/z 360 [M-H]

5.1.17.7-(8-fluor 0-4,4-dimethyl-3,4-dihydr ocar bostyril-6-
ylcarbamoyl)heptanoic acid hydroxyamide (15)

Colorless powder (CHGY DMSO). Mp. 173-17%C. *H-NMR
(300 MHz / DMSO€) 51.21 (6H, s, Chix 2), 1.25-1.27 (4H, m,
CH, x 2), 1.46-1.58 (4H, m, CHk 2), 1.93 (2H, t) = 7.2 Hz,
CH,), 2.26 (2H, tJ = 7.4 Hz, CH), 2.37 (2H, s, Ch), 7.21 (1H,
s, ArH), 7.54 (1H, ddJ = 13.0, 2.1 Hz, ArH), 8.66 (1H, br, NH),
9.95 (1H, br, NH), 10.06 (1H, br, NH), 10.39 (1H, NOH).
LRMS (ESI+) m/z 380 [M+H]. LRMS (ESI-) m/z 378 [M-H]

5.1.18.6-(3,4-dihydrocar bostyril-6-ylcar bamoyl)hexanoic
acid hydroxyamide (16)

Colorless powder (CHGI DMSO). Mp. 186-188C. 'H-NMR
(300 MHz / DMSO#g ) 61.17-1.30 (2H, m, C§), 1.45-1.61 (4H,
m, CH, x 2), 1.94 (2H, tJ = 7.4 Hz, CH), 2.43 (2H, tJ = 7.2
Hz, CHp), 2.39-2.43 (2H, m, C§), 2.79-2.84 (2H, m, CH), 6.75
(1H, d,J = 8.4 Hz, ArH), 7.28 (1H, dd} = 8.4, 2.1 Hz ArH),
7.43 (1H, dJ = 1.5 Hz ArH), 8.67 (1H, br, NH), 10.14 (1H, br,
NH), 10.33 (1H, br, NOH). LRMS (ESI+) m/z 320 [M+H]
LRMS (ESI-) m/z 318 [M-H]

5.1.19.8-(3,4-dihydrocar bostyril-6-ylcar bamoyl)octanoic
acid hydroxyamide (17)

Colorless powder (MeOH). Mp. 182-183 "H-NMR (300

MHz / DMSO-ds) 61.22-1.32(6H, m, CHx 3), 1.45-1.60 (4H, m,

CH, x 2), 1.93 (2H, t) = 7.2 Hz, CH), 2.24 (2H, tJ = 7.2 Hz,
CH,), 2.41 (2H, tJ = 7.5 Hz, CH), 2.82 (2H, tJ = 7.4 Hz, CH),
6.75 (1H, dJ = 8.7 Hz, ArH), 7.28(1H, d] = 8.7 Hz, ArH),
7.43 (1H, s, ArH), 8.66 (1H, br,NH), 9.72 (1H, biH), 9.99
(1H, br, NH), 10.33 (1H, br, NOH). LRMS (ESI+) n828
[M+H]". LRMS (ESI-) m/z:346 [M-H]

5.1.20.7-(coumar in-6-ylcar bamoyl)heptanoic acid
hydr oxyamide (18)

Colorless powder (CHGI DMSO). Mp. 187-18%C. 'H-
NMR (300 MHz / DMSO¢) 51.26-1.32 (4H, m, Ckix 2), 1.44-
1.64 (4H, m, Chix 2), 1.94 (2H, tJ = 7.2 Hz, CH), 2.31 (2H, t,
J=7.4Hz, CH), 6.48 (1H, dJ = 9.6 Hz, CH=), 7.36 (1H, d,=
9.0 Hz ArH), 7.65 (1H, dd] = 9.0, 2.7 Hz ArH), 8.05-8.09 (2H,
m, ArH, CH=), 8.66 (LH, br, NH), 10.10 (1H, br, NH)0.33 (1H,
br, NOH). LRMS (ESI+) m/z 333 [M+H] LRMS (ESI-) m/z
331 [M-H.

5.1.21.7-(1,4,4-trimethyl-3,4-dihydrocar bostyril-6-yI-
carbamoyl)heptanaoic acid hydr oxyamide (26)

Colorless powder (CHGY AcOEt). Mp. 118-123C. *H-NMR
(300 MHz / MeOHg,) 51.28 (6H, s, Chix 2), 1.38-1.40 (4H, m,
CH, x 2), 1.61-1.68 (4H, m, CHk 2), 2.10 (2H, t) = 7.4 Hz,
CH,), 2.37 (2H, tJ = 7.4 Hz, CH), 2.48 (2H, s, Ck), 3.34 (3H,
s, NCH), 7.10 (1H, dJ = 8.7 Hz, ArH), 7.50 (1H, d] = 8.7 Hz,
ArH), 7.60 (1H, s, ArH). LRMS (ESI+) m/z 376 [M+H]LRMS
(ESI-) m/z 374 [M-H].

5.1.22.7-(3,4-dihydr 0-4,4-dimethyl-2-methoxyquinolin-6-
ylcarbamoyl)heptanoic acid hydr oxyamide (30)

Colorless powder (MeOH). Mp. 66-7@. *H-NMR (300 MHz
/ MeOH-d,) 51.23 (6H, s, CHix 2), 1.38-1.40 (4H, m, Chk 2),
1.61-1.73 (4H, m, Ckix 2), 2.09 (2H, tJ = 7.4 Hz, CH), 2.31
(2H, s, CH), 2.36 (2H, tJ = 7.6 Hz, CH), 3.87 (3H, s, OCB),
7.08 (1H, dJ = 8.4 Hz, ArH), 7.34 (1H, dd} = 8.4, 2.4 Hz,
ArH), 7.56 (1H, d,J = 2.4 Hz, ArH). LRMS (ESI+) m/z 376
[M+H]*. LRMS (ESI-) m/z 374 [M-H]

5.1.23.7-(3,4-dihydr 0-4,4-dimethyl-2-ethoxyquinolin-6-yI-
carbamoyl)heptanoic acid hydroxyamide (32)

Colorless powdemthexane / ACOEt). Mp.162-168. 'H-
NMR (300 MHz / DMSO¢k) §1.23 (6H, s, Chkix 2),1.25-1.31
(7H, m, CH x 2 andOCH,CH;), 1.46-1.58 (4H, m, C}¥ 2),
1.94 (2H, tJ = 7.2 Hz, CH), 2.23-2.29 (4H, m, CHand CH),
4.27 (2H, qJ = 7.2 Hz, OCHCHy), 6.95 (1H, dJ = 8.4 Hz,
ArH), 7.32 (1H, br, NH), 7.43(1H, dd,= 8.4, 2.4 Hz, ArH),
7.52 (1H, dJ = 2.4 Hz, ArH), 9.78 (1H, br, NH), 10.32, (1H, br,
OH). LRMS (ESI+) m/z.390 [M+H] LRMS (ESI-) m/z 388 [M-
H].

5.1.24.7-[(4,4-dimethyl-3,4-dihydr ocarbostyril-6-
car bonyl)amino]heptanoic acid benzyl ester (representative of
49) as the general procedure for the synthesis afhteemediate
of 19-25, 27-29, and31

The reaction mixture of 4,4-dimethyl-3,4-dihydrdoastyril-6-
carboxylic acid (corresponding #48) (251 mg, 1.25 mmol), 7-
aminoheptanoic acid benzyl ester (251 mg, 1.31 mrxiaBt
(178 mg, 1.31 mmol), BN (133 mg, 1.31 mmol), and EDEICI
(252 mg, 1.31 mmol) in DMF (6 ml) was stirred ovgirt at
room temperature. Then, sat.NaHQ60 ml) was added to the
mixture, and the resulting mixture was extractethwicOEt (50
ml x 3). The combined organic layer was washed Wi (50
ml x 1), 1 N HCI (50 ml x 1) and then brine (50 xl), dried
over NaSQ, (anhyd.), filtered, and concentrated under reduced
pressure. The crude product was purified througinglica gel
column chromatography{hexane:AcOEt = 1:2) to afford a
colorless oil (117 mg, 0.29 mmol, y.22%)-NMR (300 MHz /
CDCl,) $1.26 (6H, s, Chix 2), 1.39-1.43 (4H, m, Ctk 2), 1.62-
1.69 (4H, m, CH x 2), 2.28-2.39 (2H, m, G} 2.51 (2H, s,
CH;,), 3.40-3.46 (2H, m, C§), 5.11 (2H, s, Ch), 6.07 (1H, tJ =
5.4 Hz, NH), 6.79 (1H, d] = 8.1 Hz, ArH), 7.34-7.36 (5H, m,
ArH), 7.52 (1H, dd,J= 8.1, 1.8 Hz, ArH), 7.80 (1H, d,= 1.5
Hz, ArH), 8.18 (1H, s, NH).

5.1.25.7-[(car bostyril-6-car bonyl)amino]heptanoic acid
hydr oxyamide (19)

Light beige powder (MeOH). Mp. unmeasurable (decosep
at 263C). *H-NMR (300 MHz / DMSOd) §1.26-1.33 (4H, m,
CH, x 2), 1.46-1.55 (4H, m, CHk 2), 1.94 (2H, t) = 7.5 Hz,
CH,), 3.21-3.29 (2H, m, NC}), 6.55 (1H, d,J = 9.6 Hz, CH=),
7.31 (1H, dJ = 8.7 Hz, ArH), 7.93-7.97 (2H, m, ArH, CH=),
8.16 (1H, dJ = 1.8 Hz, ArH), 8.44 (1H, br, NH), 8.66 (1H, br,
NH), 10.37 (1H, br, NH) , 11.92 (1H, br, NOH). LRMESI+)
m/z 332 [M+H]. LRMS (ESI-) m/z 330 [M-H]

5.1.26.7-[(3,4-dihydr ocar bostyril-6-car bonyl)amino] hep-
tanoic acid hydr oxyamide (20)

Colorless powder (ACOEt). Mp. 189-19D. *H-NMR (300
MHz / DMSO-dg) 61.27-1.28 (4H, m, Ckix 2), 1.46-1.51 (4H,
m, CH, x 2), 1.94 (2H, t) = 7.4 Hz, CH), 2.47 (2H,tJ=7.2
Hz, CH), 2.91 (2H, tJ = 7.5 Hz, CH), 3.18-3.24 (2H, m, C}),
6.86 (1H, dJ = 8.1 Hz, ArH), 7.63 (1H, d] = 8.4 Hz, ArH),

7.67 (1H, s, ArH), 8.25 (1H, § = 5.4 Hz, NH), 8.64 (1H, s, NH),



10.26 (1H, s, NH), 10.32 (1H, s, NOH). LRMS (ESiwjz 334
[M+H]*. LRMS (ESI-) m/z 332 [M-H]

5.1.27.7-[(4,4-dimethyl-3,4-dihydrocar bostyril-6-
car bonyl)amino]heptanoic acid hydroxyamide (21)

Colorless powder (ACOEt). Mp. 147-149 "H-NMR (300
MHz / DMSO-dg) 81.26 (6H, s, Cklx 2), 1.29 (4H, m, Ckix 2),
1.50 (4H, m, CHx 2), 1.94 (2H, tJ = 7.2 Hz, CH), 2.38 (2H, s,
CH,), 3.20-3.26 (2H, m, C}), 6.89 (1H, dJJ = 8.4 Hz, ArH),
7.65 (1H, ddJ = 8.6, 1.7 Hz, ArH), 7.78 (1H, d,= 1.5 Hz,

ArH), 8.32 (1H, tJ = 5.9 Hz, NH), 8.66 (1H, s, NH), 10.33 (2H,

s, NOH and NH). LRMS (ESI+) m/z 362 [M+H]LRMS (ESI-)
m/z 360 [M-H]J.

5.1.28.7-[(8-fluor 0-4,4-dimethyl-3,4-dihydrocar bostyril-6-
carbonyl)amino]heptanoic acid hydroxyamide (22)

Colorless powdemthexane / CHG). Mp. 168-169C. *H-
NMR (300 MHz / DMSO#d) §1.27 (6H, s), 1.27-1.32 (4H, m,
CH, x 2), 1.44-1.54 (4H, m, Ctk 2), 1.94 (2H, t) = 7.4 Hz,
CH,), 2.44 (2H, s, Ch), 3.20-3.26 (2H, m, C}), 7.58 (1H, ddJ
=11.0, 1.5 Hz, ArH), 7.65 (1H, br, NH), 8.43 (1lbt, NH),
10.33 (1H, br, NH) , 10.36 (1H, br, NOH). LRMS (E$m/z
380 [M+H]". LRMS (ESI-) m/z 378 [M-H]

5.1.29.6-[(3,4-dihydrocar bostyr il-6-car bonyl)amino] hex-
anoic acid hydroxyamide (23)

Colorless powder (MeOH). Mp. 194-17. "H-NMR (300
MHz / DMSO4g) 61.22-1.32 (2H, m, C}), 1.43-1.55 (4H, m,
CH,x2), 1.94 (2H, tJ) = 7.4 Hz, CH), 2.45-2.49 (2H, m, C}),
2.91 (2H, tJ = 7.5 Hz, CH), 3.18-3.24 (2H, m, NC}}, 6.86 (1H,
d,J=8.1 Hz, ArH), 7.11 (1H, br, NH), 7.62-7.68 (2id, ArH),
8.26 (1H, br, NH), 8.66 (1H, br, NH), 10.27 (1H, biH), 10.33
(1H, br, NOH). LRMS (ESI+) m/z 320 [M+H] LRMS (ESI-)
m/z 318 [M-H].

5.1.30.8-[(3,4-dihydrocar bostyril-6-car bonyl)amino]oc-
tanoic acid hydroxyamide (24)

Colorless powder (CHGY MeOH). Mp. 193-19%C.*"H-NMR
(300 MHz / DMSO#) 81.22-1.31 (6H, m, Ckix 3), 1.44-1.53
(4H, m, CH x 2), 1.93 (2H, t)= 7.4 Hz, CH), 2.47 (2H, tJ =
7.2 Hz, CH), 2.91 (2H, tJ = 7.7 Hz, CH), 3.16-3.24 (2H, m,
NCH;,), 6.86 (1H, dJ = 8.1 Hz, ArH), 7.61-7.67 (2H, m, ArH),
8.26 (1H, br, NH), 8.65 (1H,br, NH), 10.27 (1H, biH), 10.32
(1H, br, NOH). LRMS (ESI+) m/z 348 [M+H] LRMS (ESI-)
m/z 346 [M-H]J.

5.1.31. 7[(4,4-dimethyl-3,4-dihydrocar bostyril-7-car bon-
yl)aminolheptanoic acid hydr oxyamide (25)

Colorless powder (AcOEt / MeOH). Mp. 193-P88"H-NMR
(300 MHz / DMSO6) 51.23 (6H, s, Chix 2), 1.26-1.27 (4H, m,
CH, x 2), 1.46-1.50 (4H, m, Chk 2), 1.93 (2H, tJ = 7.2 Hz,
CH,), 2.36 (2H, s, CH), 3.16-3.24 (2H, m, NCHJ, 7.31-7.40 (3H,
m, ArH); 8.37 (1H, tJ = 5.4 Hz, NH), 8.68 (1H, br, NH), 10.25
(1H, br, NH), 10.36 (LH, br, NOHLRMS (ESI+) m/z 362
[M+H]*. LRMS (ESI-) m/z 360 [M-H]

5.1.32.7-[(1-methylcar bostyr il-6-car bonyl)amino] hep-
tanoic acid hydroxyamide (27)

Light green powder (CHGY MeOH). Mp. 158-161C. *H-
NMR (300 MHz / DMSO¢l) 81.26-1.34 (4H, m, Ckix 2), 1.44-
1.56 (4H, m, CHx 2), 1.94 (2H, tJ = 7.2 Hz, CH), 3.25 (2H, q,
J=6.5Hz, NCH), 3.64 (3H, s, NCH), 6.67 (1H, d,J = 9.6 Hz,
CH=), 7.59 (1H, dJ = 9.0 Hz, ArH), 7.97 (1H, d] = 9.6 Hz,
CH=), 8.08 (1H, ddJ = 8.7, 2.1 Hz, ArH), 8.23 (1H,= 2.1 Hz,

ArH), 8.56 (1H, br, NH), 8.67 (1H, br, NH), 10.37H, br, OH).
LRMS (ESI+) m/z 346 [M+H]. LRMS (ESI-) m/z 344 [M-H]

5.1.33.7-[(1-methyl-3,4-dihydr ocar bostyril-6-car bonyl)-
amino]heptanoic acid hydroxyamide (28)

Colorless powder (D). Mp.168-169C. *H-NMR (300 MHz /
DMSO-ds) 81.24-1.32 (4H, m, Ckix 2), 1.45-1.54 (4H, m, CH
x 2), 1.94 (2H, t) = 7.2 Hz, CH), 2.54-2.59 (2H, m, C}), 2.88-
2.93 (2H, m, CH), 3.23 (2H, gJ = 6.6 Hz, NCH), 3.27 (3H, s,
CHy), 7.14 (1H, dJ = 8.4 Hz, ArH), 7.71-7.77 (2H, m; ArH),
8.34 (1H, br, NH), 8.65 (1H, br, NH), 10.33 (1H, BH). LRMS
(ESI+) m/z 348 [M+H]. LRMS (ESI-) m/z 346 [M-H]

5.1.34.7-[(1,4,4-trimethyl-3,4-dihydr ocar bostyril-6-
carbonyl)amino]heptanoic acid hydr oxyamide (29)

Pale cream powder (8). Mp. 173-174C. *H-NMR (300
MHz / MeOH-,) §1.32 (6H, s, CKHx 2), 1.38-1.42 (4H, m, CH
x 2), 1.59-1.69 (4H, m, CHk 2),2:10 (2H, tJ = 7.4 Hz, CH),
2.53 (2H, s, CH), 3.37 (2H, tJ = 7.2 Hz, NCH), 3.40 (3H, s,
CH,), 7.22 (1H, d,J = 9.6 Hz, ArH), 7.77 (1H, dd} = 8.4 Hz,
2.1 Hz, ArH), 7.85 (1H, d] = 2.1 Hz, ArH). LRMS (ESI+) m/z
376 [M+H]". LRMS (ESI-) m/z 374 [M-H]

5.1.35.7-[(2-methoxyquinolin-6-car bonyl)amino] heptanoic
acid hydroxyamide (31)

Colorless powder (AcOEt). Mp.158-18D. "H-NMR (300
MHz / DMSOg) 61.27-1.32 (4H, m, Ckix 2), 1.48-1.56 (4H,
m, CH, x 2), 1.95 (2H, tJ = 7.2 Hz, CH), 3.23-3.27 (2H, m,
NCHj); 4.00 (3H, s, OCH), 7.08 (1H, d,) = 8.7 Hz, CH=), 7.82
(1H,d,J = 8.4 Hz, ArH), 8.09 (1H, ddj = 8.7, 2.1 Hz, ArH),
8.32 (1H, dJ = 8.7 Hz, CH=), 8.39 (1H, d,= 2.1 Hz, ArH),
8.58 (1H, br, NH), 10.34, (1H, br, NH). LRMS (ESIr)z 346
[M+H]*. LRMS (ESI-) m/z 344 [M-H]

5.1.36.(4-bromobenzyl)carbamic acid tert-butyl ester (rep-
resentative 0b1) as the general procedure for the synthestil of

(@) The reaction mixture of-bromobenzyl bromide (corre-
sponding to 50) (4.00 g, 16.004 mmol) and phthalimide
potassium salt (3.26 g, 17.61 mmol) in DMF (10 mds stirred
for 6 h at 100C with a Cad tube. After cooling, KO (100 ml)
was added, and the resulting mixture was extrasftu ACOEt
(100 ml x 3). The combined organic layer was washitd H,O
(100 ml x 1) and then brine (100 ml x 1), dried &S0,
(anhyd.), filtered, and concentrated under redugesbsure to
afford 2-(4-bromobenzyl)isoindole-1,3-dione (5.28quant. y.)
as a colorless solid. Colorless cotton-like crygtahexane /
AcOEt). Mp. 126-129C. "H-NMR (300 MHz / CDC} / TMS)
34.80 (2H, s, CH), 7.32 (2H, dJ = 7.8 Hz, ArH), 7.44 (2H, d]
= 8.1 Hz, ArH), 7.71-7.73 (2H, m, ArH), 7.84-7.88H, m, ArH).

(b) The reaction mixture of 2-(4-bromobenzyl)isoind@|8-
dione (5.01 g, 15.83 mmol) and,MNH,-H,O (100%) (1.59 g,
31.67 mmol) in MeOH (50 ml) was stirred for 1 hrefiux. After
cooling, MeOH was removed under reduced pressure.
Concentrated HCI (20 ml) was then added and thaltieg
mixture was stirred for 1.5 h at reflux. After ciog, 2 N NaOH
(200 ml) was added to the mixture, and the inselublatters
were removed by filtration. The filtrate was exteat with
AcOEt (100 ml x 3). The combined organic layer wesshed
with H,O (100 ml x 1) and then brine (100 ml x 1), driecro
NaSQO, (anhyd.), filtered, and concentrated under reduced
pressure to afford 4-bromobenzylamine (2.73 g, 34x6nol, y.
93%) as a yellow oil"H-NMR (300 MHz / CDC}) §3.83 (2H, s,
CH,), 7.20 (2H, dJ = 8.4 Hz, ArH), 7.45 (2H, d) = 8.4 Hz,
ArH).



(c) A solution of BogO (1.29 g, 5.91 mmol) in Ci&l, (10 ml)
was added to the suspension of 4-bromobenzylaniirGd (g,
5.38 mmol) and BN (0.60 g, 5.91 mmol) in CKl, (10 ml) for

and then brine (30 ml x 1), dried over, 88, (anhyd.), filtered,
and concentrated under reduced pressure. The prodect was
washed with AcOEt (2 ml), and the insoluble mattersre

5 min at OC with a CaCl tube. The reaction mixture was stirred gathered, washed with the solventhgxane:AcOEt = 1:1) and

overnight at room temperature. ThenCH50 ml) was added to
the mixture, and the organic layer was separatée. dqueous
layer was extracted with CHCK50 ml x 3). The combined
organic layer was washed withb® (50 ml x 1) and then brine
(50 ml x 1), dried over N8O, (anhyd.), filtered, and
concentrated under reduced pressure to afford
bromobenzyl)carbamic acigrt-butyl ester (1.63 g, quant. y.) as
a colorless solid. Colorless powderiexane). Mp. 73-7€. *H-
NMR (300 MHz / CDCY}) 61.46 (9H, st-Bu), 4.26 (2H, dJ =
6.0 Hz, CH), 4.84 (1H, bs, NH), 7.16 (2H, d,= 8.4 Hz, ArH),
7.45 (2H, dJ = 8.4 Hz, ArH).

5.1.37.(E)-3-(4-aminomethylphenyl)acrylic acid ethyl ester
(corresponding t82) as the general procedui@ the synthesis
of 52

(d) The reaction mixture of (4-bromobenzyl)carbanaicid
tert-butyl ester (corresponding &1i) (1.63 g, 5.69 mmol), ethyl
acrylate (0.63 g, 6.26 mmol), ¢*olyl); (0.35 g, 1.14 mmol),
DIEA (2.12 ml, 12.17 mmol), and Pd(OAc)128 mg, 0.57
mmol) in DMF (6 ml) and EtCN (25 ml) was stirred ftD min at
room temperature under,Nind then stirred for 6.5 h at
under N. After cooling, HO (100 ml) was added, and the
mixture was extracted with AcOEt (100 ml x 3). Téwmbined
organic layer was washed with,®l (100 ml x 1) and then brine
(100 ml x 1), dried over N8O, (anhyd.), filtered, and
concentrated under reduced pressure. The crudeugiradas
purified through open silica gel column chromatgima (-
hexane:AcOEt = 3:1) to affordEj-3-[4-(tert-butoxycarbonyl-
aminomethyl)phenyllacrylic acid ethyl ester (1.3%4¢g36 mmol,
y. 77%) as a yellow solid. Colorless powdethgexane)Mp .64-
65°C. 'H-NMR (300 MHz / CDC}) $1.34 (3H, t,J.= 7.1 Hz,
CH,CH;), 1.46 (9H, st-Bu), 4.26 (2H, qJ = 7.1 Hz, CHCH),
4.33 (2H, dJ = 5.1 Hz, CH), 4.89 (1H, bs, NH), 6.42 (1H, d~=
15.9 Hz, CH=), 7.30 (2H, dl = 8.1 Hz, ArH), 7.49 (2H, d] =
8.1 Hz, ArH), 7.67 (1H, d] = 15.9 Hz, CH=).

(e) The reaction mixture of B)-3-[4-(tert-butoxycarbonyl-
aminomethyl)phenyl]acrylic acid ethyl ester (1.274gL7 mmol)
in TFA (3 ml) and CHCI, (9 ml) was stirred for 1 h at room
temperature. After removing TFA and &El, under reduced

then n-hexane, and dried to afford&)¢3-[4-(4,4-dimethyl-3,4-
dihydrocarbostyril-6-carbonyl)aminomethylphenyllgar acid
ethyl ester (298 mg, 0.73 mmol, y. 75%) as a cetwlsolid.
Colorless powderthexane / AcOEt). Mp. 215-21C. 'H-NMR
(300 MHz / DMSO#l) 51.26 (3H, t,J = 7.1 Hz, CHCHz), 1.26

(46H, s, CH x 2), 2.39 (2H, s, C}), 4.18 (2H, q,J = 7.1 Hz,

CH,CHy), 4.49 (2H, dJ = 5.7 Hz, CH), 6.59 (1H, dJ = 16.2 Hz,
CH=), 6.91 (1H, dJ = 8.1 Hz, ArH), 7.35 (2H, d] = 8.1 Hz,
ArH), 7.63 (1H, dJ = 16.2 Hz, CH=), 7.68 (2H, d, = 8.1 Hz,
ArH), 7.73 (1H, dd,J = 8.3, 2.0 Hz, ArH), 7.85 (1H, d,= 1.8
Hz, ArH), 8.97 (1H, tJ = 5.9 Hz, NH), 10.38 (1H, s, NH).

(g) This step was performed following the same edore
described for compoun@. Compound34: Colorless powder
(AcOEt / MeOH). Mp. 161-16%. *H-NMR (300 MHz / DMSO-
ds) 81.26 (6H, s, CHIx 2), 2.39 (2H, s, C}), 4.61 (2H, dJ=5.7
Hz, CH,), 6.42 (1H, dJ =15.9 Hz, CH=), 6.91 (1H, d = 8.4
Hz, ArH), 7.34 (2H, dJ = 8:1 Hz, ArH), 7.43 (1H, d] = 15.9 Hz,
CH=), 7.52 (2H, dJ) = 8.1 Hz, ArH), 7.73 (1H, dd] = 8.4, 1.8
Hz, ArH), 7.85 (1H, dJ = 1.5 Hz, ArH), 8.96 (1H, ] = 5.7 Hz,
NH), 9.02 (1H, s, NH), 10.38 (1H, s, NH), 10.74 (134 NOH).
LRMS (ESI4) m/z 394 [M+H]. LRMS (ESI-) m/z 392 [M-H]

5.1.39.(4,4-dimethyl-3,4-dihydr ocar bostyril)-6-car boxylic
acid (E)-3-[2-(hydroxycar bamoyl)vinyl]benzylamide (33)

Colorless powder (ACOEt / MeOH). Mp. 159-263'H-NMR
(300 MHz / DMSO€) 81.26 (6H, s, Chlx 2), 2.39 (2H, s, C}),
4.49 (2H, dJ=5.1 Hz, CH), 6.46 (1H, dJ = 15.9 Hz, CH=),
6.92 (1H, dJ = 9.0 Hz, ArH), 7.33-7.60 (5H, m, ArH and CH=),
7.74 (1H, dJ = 9.0 Hz, ArH), 7.86 (1H, s, ArH), 9.01 (1H, s,
NH), 10.39 (1H, s, NH). LRMS (ESI+) m/z 394 [M+HLRMS
(ESI-) m/z 392 [M-H].

5.1.40.(4,4-dimethyl-3,4-dihydr ocar bostyril)-7-car boxylic
acid (E)-3-[2-(hydroxycar bamoyl)vinyl]benzylamide (35)

Colorless powder (AcOEt / MeOH). Mp. 196-200"H-NMR
(300 MHz / DMSO6) 51.24 (6H, s, CHix 2), 2.37 (2H, s, CH,
4.48 (2H, dJ = 5.7 Hz, CH), 6.44 (1H, d,) = 15.6 Hz, CH=),
7.29-7.55 (8H, m, ArH and CH=), 9.00 (LHJ& 5.9 Hz, NH),
10.27 (1H, s, NH), 10.78 (1H, s, NOH). LRMS (EStjz 394

pressure, sat.NaHG®50.ml) was added to the mixture, and the[M+H] . LRMS (ESI-) m/z 392 [M-H]

mixture was extracted with AcCOEt (50 ml x 3). Thambined
organic layer was washed with brine (50 ml x 1)edirover

5.1.41.carbostyril-6-sulfonyl chloride (representative 4)

Na,SO, (anhyd.); filtered, and concentrated under reducedS the general procedure for the synthestgtof

pressure to affordg)-3-(4-aminomethylphenyl)acrylic acid ethyl
ester (0.82 g, 3.98 mmol, y. 95%) as a yellow $ikNMR (300
MHz / CDClL) §1.34 (3H, t,J = 7.2 Hz, CHCHs), 2.52 (2H, bs,
NH,), 3.90 (2H, s, Ch), 4.26 (2H, qJ = 7.1 Hz, CHCH;), 6.42
(1H, d,J = 15.9 Hz, CH=), 7.35 (2H, & = 8.1 Hz, ArH), 7.50
(2H, d,J =8.1 Hz, ArH), 7.67 (1H, d] = 16.2 Hz, CH=).

5.1.38.(4,4-dimethyl-3,4-dihydrocar bostyril)-6-car boxylic
acid (E)-4-[2-(hydroxycar bamoyl)vinyl]benzylamide (34) as
the general procedure for the synthesi83:85

(f) The reaction mixture of H)-3-(4-aminomethylphenyl)-
acrylic acid ethyl ester (corresponding 5@) (200 mg, 0.97
mmol), 4,4-dimethyl-3,4-dihydrocarbostyril-6-cartytie  acid
(214 mg, 0.97 mmol), HOBt (132 mg, 0.97 mmol);NE{99 mg,
0.97 mmol), and EDCGHCI (187 mg, 0.97 mmol) in DMF (4 ml)
was stirred overnight. After sat.NaHg(B0 ml) was added, the
resulting mixture was extracted with AcOEt (30 mI3x The
combined organic layer was washed with 1 N HCI (30x 1)

The reaction mixture of 2-quinolinol (corresporglito 53)
(1.0 g, 6.8 mmol) and chlorosulfonic acid (3.0 #85.0 mmol)
was stirred for 3 h at 8& under N. The mixture was poured
into iced water. The precipitate was gathered, edshith HO,
and dried to afford a colorless solid (1.1 g, 4.6ah y. 68%).
'H-NMR (300 MHz / DMSO#ds) 56.51 (1H, ddJ = 9.6, 2.1 Hz,
CH=), 7.25 (1H, dd)) = 8.4 Hz, 2.7 Hz ArH), 7.21 (1H, dJ =
8.4 Hz ArH), 7.91 (1H, s, ArH), 7.98 (1H, d,= 9.6 Hz, CH=),
12.14 (1H, br, NH).

5.1.42.7-(car bostyril-6-sulfonylamino)heptanoic acid
hydroxyamide (36) as the general procedure for the synthesis of
36-38

(b) Carbostyril-6-sulfonyl chloride (corresponditm54) (138
mg, 0.57 mmol) and then subsequentlyNE(114 mg, 3.24
mmol) in CHCI, (0.5 ml) were added to a solution of 7-
aminoheptanoic acid methyl ester hydrochloride (%2 0.73
mmol) in CHCI, (2 ml) at room temperature. The reaction



mixture was stirred for 16 h at room temperaturgd K110 ml),
AcOEt (10 ml), andn-hexane (10 ml) were then sequentially
added to the mixture. The precipitate was gatheseghed with
H,O, and dried to afford a pink solid (127 mg, 0.3&ah y.
61%). *H-NMR (300 MHz / DMSO#dg) $1.15-1.20 (4H, m, CH

x 2), 1.29-1.44 (4H, m, CHx 2), 2.22 (2H, tJ = 7.2 Hz, CH),
2.72 (2H, qJ = 6.0 Hz, NCH), 3.56 (3H, s, OC}H} , 6.61 (1H, d,
J=9.6 Hz, CH=), 7.43 (1H, d,= 8.7 Hz ArH), 7.53 (1H, tJ =
5.9 Hz, NH), 7.84 (1H, ddl = 8.7, 2.1 Hz ArH), 8.07 (1H, d,=
9.6 Hz, CH=), 8.13 (1H, d = 2.1 Hz, ArH), 12.01 (1H, br, NH).

(c) This step was performed following the same procedur
described for compoun@. Compound36: Colorless powder
(MeOH). Mp. unmeasurable (decomposed at°@32'H-NMR
(300 MHz / DMSO€) 61.08-1.24 (4H, m, CHx 2), 1.32-1.47
(4H, m, CH x 2), 1.89 (2H, tJ) = 7.4 Hz, CH), 2.72-2.74 (2H,
m, NCH,), 6.61 (1H, dJJ = 9.6 Hz, CH=), 7.43 (1H, d,= 8.7 Hz,
ArH), 7.52 (1H, br, NH), 7.84 (1H, dd} = 8.7, 1.8 Hz ArH),
8.07 (1H, dJ = 9.6 Hz, CH=), 8.62 (1H, dl = 1.8 Hz, ArH),
8.96 (1H, br, NH), 10.31 (1H, br, NOH). LRMS (ESIxyz 368
[M+H]". LRMS (ESI-) m/z 366 [M-H]

5.1.43.7-(3,4-dihydrocar bostyril-6-sulfonylamino)hep-
tanoic acid hydroxyamide (37)

Colorless powder (CHGI MeOH). Mp. 181-18%C. 'H-
NMR (300 MHz / DMSO#¢) §1.14-1.24 (4H, m, Cpix 2), 1.30-
1.47 (4H, m, CHx 2), 1.90 (2H, tJ = 7.4 Hz, CH), 2.47 (2H, t,
J=7.2 Hz, CH), 2.65-2.72 (2H, m, NC}), 2.95 (2H, tJ = 7.5
Hz, CH,), 6.99 (1H, dJ = 8.1 Hz, ArH), 7.40 (1H, br, NH), 7.53-
7.59 (2H, m, ArH), 8.66 (1H, br, NH), 10.37 (1H, biH) , 10.45
(1H, br, NOH). LRMS (ESI+) m/z 370 [M+H] LRMS (ESI-)
m/z 368 [M-H]J.

5.1.44.7-(4,4-dimethyl-3,4-dihydr ocar bostyril-6-sulfonyl-
amino)heptanoic acid hydr oxyamide (38)

Colorless powder (ACOEt). Mp. 125-17%8 *H-NMR (300
MHz / MeOH-d,) §1.25-1.30 (4H, m, Chix 2), 1.34 (6H, s, CH
x 2), 1.38-1.60 (4H, m, Ctk 2), 2.05 (2H, t) = 7.4 Hz, CH),
2.50 (2H, s, CH), 2.83 (2H, tJ = 6.9 Hz, CH), 7.02 (1H, dJ =
8.4 Hz, ArH), 7.65 (1H, dd] = 8.3, 2.0 Hz, ArH), 7.78 (1H, d,
= 2.0 Hz, ArH). LRMS (ESI+) m/z 398 [M+H]LRMS (ESI-)
m/z 396 [M-H]J.

5.1.45.7-(chlorosulfonyl)heptanoic acid methyl ester (56)

The reaction mixture of 7-bromoheptanoic acid metster
(55) (800 mg, 3.6 mmal) and MAO; (580 mg, 4.6 mmol) in kD
(3.6 ml) was stirred for 17 h at reflux. After coa, the mixture
was washed with BED. (10 ml x 3) and concentrated under
reduced pressure to afford a colorless solid (1dugnt. y.) H-
NMR (300 MHz / DMSOQ¢dg) 61.21-1.34 (4H, m, Ckix 2), 1.45-
1.59 (4H; m, CH x 2), 2.28 (2H, tJ = 7.5 Hz, CH), 2.38 (2H, t,
J=7.8 Hz, SCH), 3.58 (3H, s, OCH).

5.1.46.7-(3,4-dihydrocar bostyril-6-ylsulfamoyl)heptanoic
acid methyl ester (57)

A'solution of EtN (530 mg, 5.2 mmol) in acetone (2 ml) was
added to a suspension of 7-(chlorosulfonyl)heptaaoid methyl
ester 66) (1.0 g, 4.6 mmol) and trichlorotriazine (926 ntg0
mmol) in acetone (8 ml) for 5 min at room temperaturhe
mixture was stirred for 20 min at with a microwave
apparatus (Initiator™ Eight, Biotage). After cogjrthe mixture
was filtered with Celite®. Then, 2 N NaOH (3.0 mDHF (2.5
ml), and 6-amino-3,4-dihydrocarbostyril (800 mg9 4nmol)
were added to the filtrate, and the mixture wasestifor 20 min
at 80C with a microwave apparatus. After cooling, thextunie
was filtered with Celite®. The filtrate was dilutedth H,O (15

ml) and then extracted with AcOEt (15 ml x 1, ahdrt 10 ml x
3). The combined organic layer was washed witheb(b ml x
2), dried over Ng5Q, (anhyd.), filtered, and concentrated under
reduced pressure. The crude product was purifisslgh open
silica gel column chromatography (AcOEt:MeOH = 719
afford a pink solid (223 mg, 0.62 mmol, y. 13%)-NMR (300
MHz / CDCk) 61.30-1.48 (4H, m, CHx 2), 1.61-1.67 (2H, m,
CH,), 1.78-1.89 (2H, m, C§), 2.30 (2H, t,J = 7.4 Hz, CH),
2.61-2.66 (2H, m, C}), 2.95-3.0 (2H, m, C}J, 3.03-3.08 (2H, m,
NCH;,), 3.67 (3H, s, OC}H), 6.31 (1H, br, NH), 6.70 (1H, d,=
8.4 Hz, ArH), 7.02 (1H, dd] = 8.6, 2.7 Hz, ArH), 7.11 (1H, d,
= 2.7 Hz, ArH), 7.50 (1H, br, NH).

5.1.47.7-(3,4-dihydrocar bostyril-6-ylsulfamoyl)heptanoic
acid hydroxyamide (39)

Colorless powder (§0). Mp. 133-135C. *H-NMR (300 MHz
/ DMSO-dg) $1.16-1.36 (4H, m, Chix 2), 1.39-1.49 (2H, m,
CH;,), 1.58-1.68 (2H, m, CH), 1.92 (2H, tJ = 7.4 Hz, CH),
2.39-2.44 (2H, m, C}}, 2.83 (2H, tJ= 7.5 Hz, CH)), 2.95-3.00
(2H, m, NCH), 6.80 (1H, dJ = 8.4 Hz, ArH), 6.96-7.00 (2H, m,
ArH), 7.24 (1H, br, NH), 8.67 (1H, br, NH), 10.08H, br, OH),
10.35 (1H, br, NH). LRMS (ESI+) m/z 370 [M+H]LRMS
(ESI-) m/z 368 [M=H].

5.1.48.4,4-dimethyl-3,4-dihydrocar bostyril-6-car boxylic
acid (trans-4-benzyloxymethylcyclohexylmethyl)amide (repre-
sentative 069) as the general procedure for the synthesg9of

(@ A  solution of trans-1,4-cyclohexanedimethanol
(corresponding t®8) (300 mg, 2.08 mmol) in DMF (2 ml) was
added to a suspension of NaH (60% in mineral &lmy, 1.04
mmol) in DMF (1 ml) for 3 min at TC. After stirring for 30 min
at °C, a solution of BnBr (178 mg, 1.04 mmol) in DMF r{#)
was added to the mixture for 1 min &C0 The mixture was
stirred overnight at room temperature, and ther2for at 60C.
After cooling, HO (30 ml) was added, and the resulting mixture
was extracted with AcOEt (50 ml x 3). The combiredanic
layer was washed with @ (30 ml x 1) and then brine (30 ml x
1), dried over Ng&5O, (anhyd.), filtered, and concentrated under
reduced pressure. The crude product was purifisaltih open
silica gel column chromatographwy-fiexane:AcOEt = 2:1) to
afford (rans-4-benzyloxymethylcyclohexyl)methanol (177 mg,
0.75 mmol, y. 36%) as a colorless diH-NMR (300 MHz /
CDCl;) 50.94-1.01 (4H, m, Ckix 2), 1.26 (1H, m, CH), 1.45 (1H,
m, CH), 1.82-1.89 (4H, m, GHx 2), 3.29 (2H, d,J = 6.6 Hz,
CH;,), 3.46 (2H, dJ = 6.3 Hz, CH), 4.50 (2H, s, Ch), 7.33-7.35
(5H, m, ArH).

(b) A solution of MsCI 104 mg (0.904 mmol) in GEl, (2 ml)
was added to a solution of trgns-4-benzyloxymethyl-
cyclohexyl)methanol (177 mg, 0.75 mmol) anNER29 mg
(2.26 mmol) in CHCl, (2 ml) for 1 min at 8C. The reaction
mixture was stirred overnight at room temperat(reen, HO
(30 ml) was added, and the resulting mixture wasaeted with
CHCI; (30 ml x 3). The combined organic layer was washitid
H,O (30 ml x 1) and then brine (30 ml x 1), dried PX&SO,
(anhyd.), filtered, and concentrated under redywedsure. The
crude product was purified through open silica gelumn
chromatography rthexane:AcOEt = 4:1) to affordrans
methanesulfonic acid 4-benzyloxymethylcyclohexylmyktester
(199 mg, 0.64 mmol, y. 85%) as a colorless ¥i-NMR (300
MHz / CDCk) §0.97-1.07 (4H, m, CHx 2), 1.61-1.64 (1H, m,
CH), 1.67-1.73 (1H, m, CH), 1.83-1.91 (4H, m, £ 2), 3.00
(3H, s, CH), 3.29 (2H, dJ = 6.3 Hz, CH), 4.03 (2H, dJ = 6.3
Hz, CH,), 4.50 (2H, s, CH), 7.30-7.35 (5H, m, ArH).

(c) The reaction mixture otrans-methanesulfonic acid 4-
benzyloxymethylcyclohexylmethyl ester (200 mg, 0.84nol)



and NaN (42 mg, 0.64 mmol) in DMF (2 ml) was stirred over-
night at room temperature, and then for 1.5 h &C8MAfter

$0.95-1.08 (4H, m, Ckix 2), 1.37 (6H, s, Ck 2), 1.55 (2H, bs,
CH x 2), 1.85-1.88 (4H, m, GHk 2), 2.51 (2H, s, CH), 3.33 (2H,

cooling, HO (30 ml) was added, and the resulting mixture wad, J = 6.5 Hz, CH), 3.47 (2H, dJ = 6.3 Hz, CH), 6.13 (1H, m,

extracted with AcOEt (30 ml x 3). The combined arigaayer
was washed with }0 (30 ml x 1) and then brine (30 ml x 1),

dried over NgSO, (anhyd.), filtered, and concentrated under

reduced pressure. The crude product was purifisslgh open
silica gel column chromatography-fiexane:AcOEt = 5:1) to
afford (¢rans-4-azidomethylcyclohexylmethoxymethyl)benzene
(184 mg, quant. y.) as a colorless diH-NMR (300 MHz /
CDCl,) $0.96-1.03 (4H, m, Ckx 2), 1.45-1.58 (2H, bs, CH x 2),
1.81-1.89 (4H, m, CHix 2), 3.13 (2H, dJ = 6.9 Hz, CH), 3.29
(2H, d,J = 6.3 Hz, CH), 4.50 (2H, s, Ch), 7.33-7.34 (5H, m,
ArH).

(d) The suspension of trans-4-azidomethylcyclohexyl-
methoxymethyl)benzene (1.57 g, 6.65 mmol) and 108CP
(0.16 g) in EtOH (15 ml) in a glass autoclave reagtas stirred
for 7 h at room temperature undes &tmosphere at 0.18 MPa.
After the pressure was leaked, the reaction mixtuae filtered,
washed with MeOH, and concentrated under reducesspre to
afford ¢rans-4-benzyloxymethylcyclohexyl)methylamine (1.36 g,
5.807 mmol, y. 96%) as a colorless solid. Colorlpssvder
(ACOEt / MeOH). Mp. 149-15%. "H-NMR (300 MHz / CDC))
80.97-1.03 (4H, m, CHx 2), 1.60-1.63 (2H, m, CH x 2), 1.87-
1.90 (4H, m, CHx 2), 2.76 (2H, dJ = 6.6 Hz, CH=), 3.26 (2H,
d,J=6.6 Hz, CH=), 4.47 (2H, s, GH 4.82 (2H, bs, N}), 7.32-
7.34 (5H, m, ArH).

(e) The reaction mixture oftians-4-benzyloxymethylcyclo-
hexyl)methylamine (106 mg, 0.46 mmol), 4,4-dimetByl-di-
hydrocarbostyril-6-carboxylic acid (100 mg, 0.46 oimHOBt
(62 mg, 0.46 mmol), BN (46 mg, 0.46 mmol), and EDEICI
(87 mg, 0.46 mmol) in DMF (2 ml) was stirred oveyinti at room
temperature. Then, sat.NaHE@30 ml) was added, and the
resulting mixture was extracted with AcOEt (30.mi3x The
combined organic layer was washed with 1 N-HCI i(80x 1)
and then brine (30 ml x 1), dried over,S&, (anhyd.), filtered,
and concentrated under reduced pressure. The prodect was
purified through open silica gel column. chromatedra (n-
hexane:AcOEt 1:4) to afford 4,4-dimethyl-3,4-dilng-
carbostyril-6-carboxylic acid tfans-4-benzyloxymethylcyclo-
hexylmethyl)amide (representative %) (94 mg, 0.22 mmol, y.
47%) as a colorless solid. Colorless powdehéxane/AcOEt).
Mp. 87-88C. '"H-NMR (300 MHz / CDC}) 0.96-1.07 (4H, m,
CH, x 2), 1.36 (6H, s, Ckix 2), 1.69 (2H, bs, CH x 2), 1.83-1.90
(4H, m, CH x 2), 2.51 (2H, s, C§), 3.29 (2H, dJ = 6.6 Hz,
CH;,), 3.31 (2H, tJ=6.3 Hz, CH), 4.49 (2H, s, Ch), 6.12 (1H,
t,J = 5.4 Hz, NH), 6.80 (1H, dl = 8.1 Hz, ArH), 7.33-7.34 (5H,
m, ArH), 7.51 (1H, ddJ = 8.1, 1.8 Hz, ArH), 7.81 (1H, d,= 1.8
Hz, ArH), 8.29 (1H, s, NH)LRMS (ESI+) m/z 435 [M+H].
LRMS (ESI-) m/z 433 [M-H]

5.1.49.(E)-3-[trans-4-[[ (4,4-dimethyl-3,4-dihydr o-car bo-
styril-6-carbonyl)amino] methyl]cyclohexyl]acrylic acid ethyl
ester (representative @0) as the general procedure for the
synthesis 060

(f) The suspension of 4,4-dimethyl-3,4-dihydrocatyal-6-
carboxylic acid {fans-4-benzyloxymethylcyclohexylmethyl)-
amide (corresponding &9) (81 mg, 0.19 mmol) and 10% Pd-C
(8 mg) in EtOH (3 ml) in a glass autoclave reagtas stirred for
7 h at room temperature undey &tmosphere at 0.30 MPa. After
the pressure was leaked, the reaction mixture iltasefl,
washed with MeOH, and concentrated under reduceskpre to
afford 4,4-dimethyl-3,4-dihydrocarbostyril-6-carlyic acid
(trans-4-hydroxymethylcyclohexylmethyl)amide (51 mg, 0.15
mmol, y. 80%) as a colorless diH-NMR (300 MHz / CDC})

NH), 6.79 (1H, dJ = 8.1 Hz, ArH), 7.52 (1H, dd} = 8.3, 2.0 Hz,
ArH), 7.81 (1H, dJ = 1.8 Hz, ArH), 8.11 (1H, s, NH).

(g) A suspension of Dess-Martin periodinane (68 mg60.1
mmol) in CHCI, (3 ml) was added to a solution of 4,4-dimethyl-
3,4-dihydrocarbostyril-6-carboxylic  acid trans-(4-hydroxy-
methylcyclohexylmethyl)amide (50 mg, 0.15 mmol)dhri,Cl, (1
ml) for 3 min at room temperature. The reaction tomg was
stirred overnight at room temperature. A solutioh stight
amount of NgS,0; in sat.NaHCQ (30 ml) was added to the
mixture, and the resulting mixture was extractethv@HCL, (30
ml x 3). The combined organic layer was washed Withe (30
ml x 1), dried over N&QO, (anhyd.), filtered, and concentrated
under reduced pressure to afford 4,4-dimethyl-3¥to-
carbostyril-6-carboxylic acidtians-4-formylcyclohexylmethyl)-
amide (41 mg, 0.12 mmol, y. 83%) as a colorless"BINMR
(300 MHz / CDC}) $61.05-1.18 (4H,; m, CHx 2), 1.37 (6H, s,
CH; x 2), 1.60 (2H, m, CH x 2),/1.93-2.05 (4H, m, £ 2),
2.51 (2H, s, CH), 3.35 (2H, tJ = 6.5 Hz, CH), 6.15 (1H, tJ =
5.7 Hz, NH), 6.81 (1H, d] = 8.1 Hz, ArH), 7.52 (1H, dd] = 8.1,
1.8 Hz, ArH), 7.81 (1H,.dJ = 1.5 Hz, ArH), 8.39 (1H, s, NH),
9.63 (1H, dJ = 1.2 Hz, CHO).

(h) A solution of triethyl phosphonoacetate (30 mg, 30.1
mmol) in THF (2 ml) was added to a suspension dfl 0% in
mineral oil, 5 mg, 0.13 mmol) in THF (5 ml) for 2imat C°C
under N using a syringe attached to a needle. After thetien
mixture was stirred for 15 min at®©, a solution of 4,4-dimethyl-
3,4-dihydrocarbostyril-6-carboxylic acidtréns-4-formylcyclo-
hexylmethyl)amide (41 mg, 0.120 mmol) in THF (2 mias
added to the mixture for 4 min at@® under N with a syringe.
After stirring for 6 h at @C under N, THF was removed under
reduced pressure. Then,® (30 ml) was added to the residue,
and the mixture was extracted with AcOEt (30 ml x Bhe
combined organic layer was washed with brine (3G ), dried
over NaSQ, (anhyd.), filtered, and concentrated under reduced
pressure. The crude product was purified througinaglica gel
column chromatography+hexane:AcOEt = 1:4) to affordE}-3-
[trans-4-[[(4,4-dimethyl-3,4-dihydrocarbostyril-6-carbdiy
amino]methyl]cyclohexyl]acrylic acid ethyl esterefresentative
of 60) (33 mg, 0.08 mmol, y. 66%) as a colorless Wi:-NMR
(300 MHz / CDC}) 81.01-1.16 (4H, m, Ckix 2), 1.29 (3H, tJ =
7.2 Hz, CHCHj), 1.37 (6H, s, CEIx 2), 1.72 (2H, bs, CH x 2),
1.84-1.91 (4H, m, CHx 2), 2.51 (2H, s, CH, 3.33 (2H, tJ =
6.5 Hz, CH), 4.18 (2H, qJ = 7.1 Hz, CHCH;,), 5.77 (1H, dd))
=15.8, 1.4 Hz, CH=), 6.14 (1H,3= 5.7 Hz, NH), 6.80 (1H, dl
= 8.1 Hz, ArH), 6.90 (1H, ddj = 15.8 Hz, 6.8 Hz, CH=), 7.52
(1H, dd,J = 8.1, 1.8 Hz, ArH), 7.81 (1H, d, = 1.5 Hz, ArH),
8.23 (1H, s, NH).

5.1.50.4,4-dimethyl-3,4-dihydrocar bostyril-6-car boxylic
acid (E)-[trans-4-(2-hydr oxycar bamoylvinyl)cyclohexyl-
methyl]amide (40)

Colorless cotton-like crystah{hexane / AcCOEt / MeOH). Mp.
184-187C. *H-NMR (300 MHz / DMSO#€) 51.01-1.06 (4H, m,
CH, x 2), 1.26 (6H, s, CHx 2), 1.52 (2H, bs, CH x 2), 1.73-1.80
(4H, m, CH x 2), 2.38 (2H, s, C}), 3.11 (2H, tJ = 5.9 Hz,

CH,), 5.70 (1H, dJ = 15.6 Hz, CH=), 6.59 (1H, dd,= 15.5, 6.8
Hz, CH=), 6.89 (1H, d) = 8.4 Hz, ArH), 7.67 (1H, d] = 8.1 Hz,
ArH), 7.79 (1H, s, ArH), 8.35 (1H, §,= 5.6 Hz, NH), 10.34 (1H,
s, NH). LRMS (ESI+) m/z 400 [M+H] LRMS (ESI-) m/z 398
[M-H]". HRMS (MALDI+) m/z calcd for GHsoNsO," [M+H] ™
400.2231, found 400.2222.



5.1.51.4,4-dimethyl-3,4-dihydr ocar bostyril-6-car boxylic
acid (E)-[cis-4-(2-hydr oxycar bamoylvinyl)cyclohexyl-
methyl]amide (42)

Colorless powder (ACOEt / MeOH). Mp. 210-2C3'"H-NMR
(300 MHz / DMSO€) 81.26 (6H, s, Chix 2), 1.53 (8H, m, CH
x 4),1.73-1.77 (2H, m, CH x 2), 2.38 (2H, s, £8.20 (2H, tJ
= 6.5 Hz, CH), 5.74 (1H, d,J = 15.6 Hz, CH=), 6.70 (1H, dd,=
15.6, 6.0 Hz, CH=), 6.89 (1H, d= 8.4 Hz, ArH), 7.66 (1H, dd,
J=8.4,1.8 Hz, ArH), 7.78 (1H, d,= 1.5 Hz, ArH), 8.33 (1H, t,
J=5.4 Hz, NH), 8.85 (1H, s, NH), 10.34 (1H, s, NH).55 (1H,
s, NOH). LRMS (ESI+) m/z 400 [M+H] LRMS (ESI-) m/z 398
[M-H]". HRMS (MALDI+) m/z calcd for GHsoNsO,  [M+H] ™
400.2231, found 400.2253.

5.1.52.4,4-dimethyl-3,4-dihydr ocar bostyril-6-car boxylic
acid [trans-4-(2-hydr oxycar bamoylethyl)cyclohexylmethyl]-
amide (41) as the general procedure for the synthesid @ind
43

() The suspension of Ef-3-[trans-4-[[(4,4-dimethyl-3,4-
dihydrocarbostyril-6-carbonyl)amino]methyl]cyclohgbacrylic
acid ethyl ester (representative @ff) (107 mg, 0.26 mmol) and
10% Pd-C (11 mg) in EtOH (4 ml) in a glass auteelaeactor
was stirred for three days at room temperature wride
atmosphere at 0.16 MPa. After the pressure wasetgathe
reaction mixture was filtered and washed with MeOFhe
filtrate was concentrated under reduced pressure drude
product was purified through open silica gel
chromatography ncthexane:AcOEt = 1:4) to afford 3fns-4-
[[(4,4-dimethyl-3,4-dihydrocarbostyril-6-carbonyijéno]-
methyl]cyclohexyl]propionic acid ethyl ester (78 n@g19 mmol,
y. 72%) as a colorless ofH-NMR (300 MHz / CDC}) §0.95-
1.04 (4H, m, CH x 2), 1.25 (3H, tJ = 7.1 Hz, CHCH;,), 1.37
(6H, s, CH x 2), 1.50-1.58 (2H, m, Cj{ 1.66 (2H, bs, CH x 2),
1.77-1.85 (4H, m, CHx 2), 2.31 (2H, tJ = 7.8 Hz, CH), 2.51
(2H, s, CH), 3.31 (2H, tJ = 6.3 Hz, NCH), 4.12 (2H, qJ = 7.2
Hz, CHCHsy), 6.18 (1H, tJ = 5.7 Hz, NH), 6.80 (1H, d] = 8.1
Hz, ArH), 7.51 (1H, ddJ = 8.3 Hz, 1.8 Hz, ArH), 7.81 (1H, d,
= 1.8 Hz, ArH), 8.29 (1H, s, NH).

5.2 Biology

The enzyme assays using rat liver HDACs were caeduc
according to the literatufe*®’. Rat liver HDACs were purchased
from Merck KGaA (Germany). The enzyme assays ubingan
HDAC isozymes were performed based on the protbcol
generated by Promega. The assay was performed HEMAE-
Glo™ 1/1l assay kit and the G6420 screening systemr(lega,
USA). The human HDAC isozymes were purchased fromye
Chem (Canada).

5.2.1. Enzyme assay using rat liver HDACs

The incubation buffer composed of 25 mM Tris-HG@7InM
NacCl, 2.7 mM KCI, and 1 mM MgGl(pH 8.0) was used in this
assay. The reagents includedu¥ of the test compound (1%
DMSO), 50uM of the rat liver HDACs (321g/ml), and 5Qul of
Boc-Lys(Ac)-AMC (250uM); the final assay concentrations are
shown in parentheses. Because the activity of apne@ depends
on the lot number, the concentration used was tatjusshen
necessary. Immediately after the test compoundtla@aanzyme
were mixed, the mixture was read on a fluoromeiedtdtermine
the background. After preincubation for 15 min &G, pre-
warmed Boc-Lys(Ac)-AMC was added to initiate theaton.
The reaction mixture was sealed and incubated om at
37°C, and then 1Qul of diluted Developer Concentrate was
added to quench the reaction. After incubationIfdr at 37C,
the plate was read on a fluorometer (excitation0 3@mn,

columnemission: 465 nm).

5.2.2. Enzyme assay using human HDAC isozymes

The fluorometric activity assay kit used to deteTenHDAC
activity was the HDAC-GIB" I/l assay and screening system
(G6420, Promega). Arbitrary human HDAC isozymes ewer
incubated with the test compounds for 30 min anrdemper-
ature, and the reaction was initiated by the aoldittf HDAC-
Glo™ I/l substrate and the Developer Reagent. Theti@ac
mixtures were incubated for 30 min at room tempeeatThe
plate was read on a fluorometer (excitation: 36Q emission:

(k) This step was performed following the same procedur 460 nm). The activity was calculated as a percentafgthe

described for compoun@. 41. Colorless powder (AcOEt /
MeOH). Mp. 195-197C. 'H-NMR (300" MHz / DMSOds)
50.81-0.88 (4H, m, CHx 2),1.26 (6H, s, CHx 2), 1.37-1.42
(2H, m, CH), 1.47 (2H, bs, CH x 2), 1.71-1.73 (4H, m, £H2),
1.95 (2H, tJ = 7.7 Hz, CH),; 2.38 (2H, s, Ch), 3.08 (2H, tJ =
6.3 Hz, NCH), 6.88 (1H, dJ = 8.4 Hz, ArH), 7.66 (1H, dd] =
8.4, 1.8 Hz, ArH), 7.68 (1H, d, = 1.8 Hz, ArH), 8.32 (1H, tJ =
5.7 Hz, ArH), 8.65 (1H, s, NH), 10.34 (2H, s, NOHdaNH).
LRMS (ESI+) m/z 402 [M+H]. LRMS (ESI-) m/z 400 [M-H]
HRMS (MALDI+) m/z caled for GHgN;O;Na™ [M+Na]
424.2207, found 424.2238.

5.1.53.4,4-dimethyl-3,4-dihydr ocar bostyril-6-car boxylic
acid [cis-4-(2-hydroxycar bamoylethyl)cyclohexylmethyl]-
amide (43)

Colorless powder (ACOEt). Mp. 129-1%2 *H-NMR (300
MHz / DMSO-dg) 81.25 (6H, s, Ckix 2), 1.30-1.52 (10H, m,
CH, x 5), 1.70-1.76 (2H, m, CH x 2), 1.95 (2H) & 7.5 Hz,
C(O)CH,), 2.38 (2H, s, Ch), 3.20 (1.7H, tJ = 6.6 Hz, NCH),
6.88 (1H, dJ = 8.1 Hz, ArH), 7.66 (1H, dd = 8.1, 1.5 Hz,
ArH), 7.80 (1H, dJ = 1.5 Hz, ArH), 8.31 (1H, br, NH), 8.65 (1H,
br, NH), 10.33 (2H, br, NOH and NH). LRMS (ESI+)202
[M+H]*. LRMS (ESI-) m/z 400 [M-H] HRMS (MALDI+) m/z
caled for G,Ha:NsO,Na" [M+Na]* 424.2207, found 424.2212.

activity of the control. The 50% inhibition conceation (IGy)
values for the test compounds were calculated usimg
SigmaPlot software.

Abbreviations

DNA, deoxyribonucleic acid; Gadd 45, growth arrast DNA
damage 45; DMA\,N-dimethylformaldehyde; Et, ethyl; rt, room
temperature; quant., quantitative; y., yield; Metmk EDCI, 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide; HOBt,
hydroxybenzotriazole; Bn, benzyl; Bdert-butoxycarbonyl; Ac,
acetyl; DIEA,N,N-diisopropylethylamine; TFA, trifluoroacetic
acid; MW, microwave; Ms, mesyl; Pa, pascal; compnd,
compound; NMR, nuclear magnetic resonance; Mp, ngefibint;
LRMS, low-resolution mass spectrometry; HRMS, higsetation
mass spectrometry; anhyd., anhydrous; Hz, hertz; DMSO
dimethylsulfoxide; Bu, butyl; ESI, electrospray ipetion;
MALDI, matrix assisted laser desorption / ionizaticalcd,
calculated; Lys, lysine; AMC, 7-amido-4-methylcoumarin
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Table(s)

Table 2. In vitro inhibitory activity (%) of SAHA and compounds 12-25
against rat liver HDACs (n = 2)

Table 1. In vitro inhibitory activity (%) of SAHA and compounds 1-11

against rat liver HDACs (n = 2)

5 i 6 X<
o 6 X HO\N)I\&/),A\/ | Y
=z s
HO\NJ\MO Y (NG PN
7

H n \\ | . ,&O 8 /2
8

% inhibition % inhibition

compnd X-Y Z  position n 10 uM 0.1uM compnd A B X-Y z positon n 10puM 0.1 uM
SAHA - - - - 9 34 SAHA - - - - - - 9 34
1 CH=CH NH 6 5 94 19 12 CONH H CH=CH NH 6 6 99 66
2 CH2-CH, NH 6 5 91 13 13 CONH H CH,-CH, NH 6 6 98 51
3 C(CHg)2-CH, NH 6 5 88 11 14 CONH H C(CH3)2-CH, NH 6 6 98 58
4 CH2-CH; NH 6 3 65 9 15 CONH F C(CHg),-CHp NH 6 6 99 49
5 CH=CH o 6 5 91 12 16 CONH H CHyCH, NH 6 5 95 24
6 CH=CH NH 7 5 93 21 17 CONH H CHyCH, NH 6 7 97 30
7 CH2-CH NH 7 5 91 13 18 CONH H CH=CH o 6 6 98 46
8  C(CHg)2-CH, NH 7 5 91 11 19 NHCO. H CH=CH NH 6 6 100 68
9 CH,-CH; NH 5 5 86 7 20 NHCO H CHy-CH,  NH 6 6 98 45
10 CH=CH NH 8 5 86 7 217 NHCO H C(CHg),-CH, NH 6 6 98 44
11 CH,-CH, NH 8 5 80 4 22 NHCO F C(CH3),-CH, NH 6 6 99 57
23 NHCO H CHyCH, NH 6 5 94 21
24 NHCO H CHxpCH, NH 6 7 98 40

25 NHCO H C(CHg),-CH, NH 7 6 99 63




Table 3. In vitro inhibitory activity (%) of SAHA and compounds 26-39 Table 5. In vitro inhibitory activity (ICso) of SAHA and various synthesized

against rat liver HDACs (n = 2) compounds against human HDAC isozymes (n > 2)
o) ikt .
6 X inhibition (1Csq; uM)
% .
HO\NJ\A/B\ r Class | Classlla__ Class IIb
H X Z’WZ compnds HDAC1 HDAC2 HDAC3 HDAC8 HDAC4 HDAC9 HDAC6
L — SAHA 0030 0028 011 011 015 0038 0.0
% inhibition 12 0.035 0.045 0.054 0.048 0.063 0.058 0.066
compnd A B X-Y z-w position 10 uM 0.1 uM 13 0.014 0.018 0.091 0.094 0.12 0.025 0.63
SAHA . ) _ _ j % 2 14 00091 0010 0.089 0033 0047 0045 055
19 0.024 0025 018 0073 028 0046 0.28
CH C(CH3),-CH -C=
26 (CHJs  CONH C(CHJzCH, NMe-C=O 6 98 5 20 0024 002 0085 0053 012 0035 043
27 (CH2)s  NHCO ~ CH=CH NMe-C=O 6 29 63 21 0.030 0093 0069 0055 0.063 0039 0.092
28 (CHp)s NHCO CHyCH, NMe-C=O 6 99 51 27 0.089 0.090 0.098 0072 0086 0.041 0.086
29 (CHe NHCO C(CHg)yCHy NMe-C=0 99 50 29 0043 010 0.028 0059 = 028 012 013
31 0052 017 0028 0080 0.078 0.034 0.040
30 (CHp)s CONH C(CHy),-CH, N=C-OMe 6 99 52 33 067 010 020 020 20 057 029
31 (CHps NHCO  CH=CH N=C-OMe 6 100 70 34 0.066 0022 0.065 0049 038 0.037 011
32 (CHz)§ CONH C(CHg),-CH, N=C-OEt 6 97 42 (40 0.0038  0.0082  0.015 0.0060 0.058 0.0052 0.058)
33 (E)4\©/\ NHCO C(CHg)y-CH, NH-CO 6 95 29 41 0.035 0035 0089 0028 022 0057 044
42 0.19 031 037 0021 075 0091 0.72
34 (B) NHCO C(CHg)-CH, NH-CO 6 98 46 43 0.041 = 0025 0.087 0024 033 0050 053
35 (B) o NHCO C(CHg),-CH, NH-CO 7 96 27
36 (CHy)s NHSO,  CH=CH NH-CO 6 94 18
37 (CHz)g NHSO, CH,-CH, NH-CO 6 94 15
38 (CHy)s NHSO, C(CHg),-CH, NH-CO 6 94 17
39 (CHa)s SONH  CHp-CH, NH-CO 6 91 11

Table 4. In vitro inhibitory activity (%) of SAHA and compounds 40-43
against rat liver HDACs (n = 2)

% inhibition
compnd 10uM 0.1uM
SAHA 96 34
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Figure 1. Approved HDAC inhibitors for cancer treatment
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Reagents and conditions: (a) NaH, DMF, 0°C, then EtO,C(CHy)nBr (n=3, 5),

rt, 25%-quant.y.; (b) NH,OH, H,O, MeOH, NaOMe, 0°C, 40%-quant.y.
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Reagents and conditions: (a)
RO,C(CH,)nCO.H (R=Bn, Me; n=5-7), rt, 51-91%;
MeOH, NaOMe, 0°C, 31%-quant. y.
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Scheme 3.
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Reagents and conditions: (a) EDCI'HCI, HOB, EtsN, DMF, RO,C(CH;)nNH,
(R=Bn, Me; n=5-7), t, 18-86%; (b) NH,OH, H,O, MeOH, NaOMe, 0°C, 22-
82%.
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Reagents and conditions: (a) phthalimide potassium salt, DMF, 100°C, quant.
y:; () HoNNH2H0, MeOH, reflux, 93-95%; (c) Boc,0, EtsN, CH,Cl,, 0°C
to rt, 95%-quant. y.; (d) ethyl acrylate, Pd(OAc),, P(o-tolyl)s, EtCN, DMF,
DIEA, 90°C, N, 77-96%; (e) TFA, CH.Cl,, rt, 95%-quant. y.; (f) EDCIHCI,
HOBt, EtsN, DMF, 4,4-dimethyl-3,4-dihydrocarbostyril-6 (or 7)-carboxylic
acid, rt, 70-75%; (g) NH,OH, H,O, MeOH, NaOMe, 0°C, 11-75%.
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Reagents and conditions: (a) chlorosulfonic acid, 65°C, N, 50-89%; (b)
MeOzC(CHz)eNHz'Hcl, EtsN, CHzClz, rt, 58-72%, (C) NHon, Hzo, MeOH,
NaOMe, 0°C, 14-67%.
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Reagents and conditions: (a) Na,SOs, H,0, reflux; (b) trichlorotriazine, Et3N,
acetone, 80°C, MW, then 2 N NaOH, 6-amino-3,4-dihydro-carbostyril, 80°C,
MW, 13% for two steps; (c) NH,OH, H,O, MeOH, NaOMe, 0°C, 39%.
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Reagents and conditions: (a) NaH (0.5eq.), DMF, 0°C then BnBr (0.5eq.),
0°C, 22-36%; (b) MsClI, EtsN, CH.Cl,, 0°C to rt, 85-100%; (c) NaNs;, DMF,
80°C, 86%-quant. y.; (d) Hz, 10%Pd-C, EtOH, rt, 0.18 MPa, 95-96%; (e)
EDCI'HCI, HOBt, Et;N, DMF, 4,4-dimethy-3,4-dihydro-carbostyril-6-
carboxylic acid, rt, 47-94%; (f) Ha, 10%Pd-C, EtOH, rt, 0.30 MPa, 80-99%;
(g) Dess-Martin periodinane, CH,Cl,, 0°C to rt, 41-83%; (h) NaH,
(EtO),P(=0)CH,CO;Et, THF, 0°C, 60-66%; (i) NH,OH, H,0, MeOH,
NaOMe, 0°C, 20-67%; (j) Hz, 10%Pd-C, EtOH, rt, 0.16MPa, 55-80%; (k)
NH,OH, H,0, MeOH, NaOMe, 0°C, 47-80%.
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