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The discovery of 6-amino nicotinamides as potent and selective
histone deacetylase inhibitors
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Abstract—This communication highlights the development of a nicotinamide series of histone deacetylase inhibitors within the
benzamide structural class. Extensive exploration around the nicotinamide core led to the discovery of a class I selective HDAC
inhibitor that possesses excellent intrinsic and cell-based potency, acceptable ancillary pharmacology, favorable pharmacokinetics,
sustained pharmacodynamics in vitro, and achieves in vivo efficacy in an HCT116 xenograft model.
� 2007 Elsevier Ltd. All rights reserved.
Epigenetic defects alter levels of gene expression without
structurally modifying DNA sequence and have been
linked to the progression of a number of diseases, such
as cancer.1 In contrast to DNA mutations, epigenetic
defects that lead to disease are potentially reversible by
pharmacologically targeting the enzymes responsible
for the epigenetic modifications.2

Histone acetylation is an epigenetic modification that is
controlled by histone acetyltransferases (HATs) and his-
tone deacetylases (HDACs).3 Several HDAC inhibitors
0960-894X/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.

doi:10.1016/j.bmcl.2007.08.023

Keywords: Epigenetics; Histone acetylation; Histone deacetylases;

Nicotinamides; Benzamides.
* Corresponding author. Tel.: +1 617 992 2053; fax: +1 617 992

2043; e-mail: christopher_hamblett@merck.com
are currently in development as therapeutic agents and
have been shown to regulate a variety of cellular re-
sponses including proliferation, differentiation, and
apoptosis.4 In general, inhibiting HDAC activity results
in the accumulation of acetylated histones and subse-
quent activation of gene transcription.5 Histone hyper-
acetylation induced by HDAC inhibitors has been
shown to correlate with the anti-tumor effects of these
inhibitors.6 These observations suggest that HDAC
inhibition provides an opportunity to reverse epigenetic
defects that lead to disease and represents a promising
new strategy for the treatment of cancer.

Class I and II histone deacetylases catalyze the removal
of the acetyl group from the amino-terminal lysine resi-
dues of histones within nucleosomes.7 While the biolog-
ical functions of the many HDAC subtypes are still
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being defined, there is compelling evidence that class I
HDACs regulate cell proliferation and therefore are via-
ble targets for cancer therapeutics.8

Vorinostat (suberoylanilide hydroxamic acid, SAHA,
Zolinza.TM), a hydroxamate-based HDAC inhibitor,
inhibits a subset of both class I and II HDAC enzymes
and has recently been approved for marketing in the
United States for the treatment of cutaneous manifesta-
tions of cutaneous T-cell lymphoma (Fig. 1).9 More spe-
cifically, vorinostat inhibits HDACs 1, 2, 3, and 6 at the
low nanomolar level (HDAC1 IC50 < 0.1 lM) while
inhibiting HDAC8 and HDAC11 at the micromolar
level.

A number of benzamide HDAC inhibitors, such as MS-
275 (HDAC1 IC50 > 1.0 lM),10 CI-994 (HDAC1
IC50 > 100 lM),11 and MGCD-0103 (HDAC1
IC50 P 0.1 lM),12 generally characterized as less potent
HDAC inhibitors with greater class I selectivity com-
pared to hydroxamate-based inhibitors, are under clini-
cal investigation to further evaluate if they offer
advantages to vorinostat with regard to efficacy and tol-
erability (Fig. 2).

Our medicinal chemistry efforts were initiated to dis-
cover an HDAC inhibitor with improved class I selectiv-
ity, greater tolerability, and improved efficacy compared
to current inhibitors in development. Initial SAR fo-
cused on structural diversification around the pyridine
core of nicotinamide lead 1, which exhibits an HDAC
inhibitory activity of 12.4 lM (Fig. 3).13
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Figure 1. Vorinostat, a first in class hydroxamate-based HDAC

inhibitor approved for the treatment of cutaneous T-cell lymphoma.

O

N
H NH2

H
NO

O

N

O

N
H NH2N

H

O

O

N
H NH2

H
NN

N

N

MS-275
CI-994

MGCD-0103

Figure 2. Representative benzamides under clinical evaluation.

N

N
H

O

NH2

HDAC1 IC50 = 12.4 μM
1

Figure 3. N-(2-Aminophenyl)nicotinamide (1) as a benzamide lead.
It was quickly determined that the 6-position of the pyr-
idine ring could be easily functionalized and that deriv-
atization with cyclic amines, such as N-substituted
piperazines, led to a significant enhancement in HDAC
inhibitory activity over analogs derived from corre-
sponding acyclic amino derivatives. For example, acy-
clic dimethyl amine derivative 2 exhibited an HDAC
inhibitory activity of 963 nM compared to piperazine
3 which was 168 nM (Table 1). In general, amino nico-
tinamide substitution with six-membered cyclic amines
gave enhanced HDAC enzymatic activity compared to
larger or smaller heterocyclic ring systems.

All nicotinamide analogs were prepared in excellent
overall yields by either a linear 3- or 4-step sequence
using one of two general methods: nicotinamides pre-
pared by method A commenced with the acid chloride
displacement of commercially available 6-chloronicoti-
noyl chloride with t-butyl (2-aminophenyl)carbamate
414 to give the Boc-protected chloronicotinamide 5 in
84% yield. The sequence was completed by pyridyl chlo-
ride displacement in the presence of excess (3.0 equiv)
functionalized (i) or unfunctionalized (ii) cyclic amine
at 85 �C in DMSO. The piperazine was then further
functionalized (ii) by acetylation, sulfonylation, or car-
bamoylation to give intermediate 6, followed by TFA
removal of the Boc group (i and ii) to afford the desired
nicotinamide 7 (Scheme 1).

Nicotinamides prepared by method B began with the
pyridyl chloride displacement of commercially available
methyl 6-chloronicotinate with excess cyclic amine
(3.0 equiv) to give intermediates 8, followed by hydroly-
sis of the methyl ester with LiOH to give intermediates 9
and EDCI coupling in the presence of excess phenylen-
ediamine to give the desired nicotinamide 7 by this alter-
native strategy (Scheme 2).

Having determined that 6-piperazinyl nicotinamides
gave optimal HDAC inhibitory activity, we focused
our efforts initially on modifications to the piperazine
ring system by preparing a diverse set of analogs 7a–
7m (Table 2). For 6-piperazinyl nicotinamides lacking
N-substitution where R3 = H, no general trends emerged
for enzymatic potency despite the structural and stereo-
chemical modifications made on the piperazine ring
Table 1. Acyclic versus cyclic comparison at the 6-position

NR

O

N
H NH2

Compound R HDAC1 IC50 (nM)a

2 N
N

O

O
Me

MePh 963

3 N

O

OPh
N

168

a Values are reported as an average for n = 2 or greater.
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Scheme 1. Method A: general synthesis of N-(2-aminophenyl)-6-piperazinyl nicotinamides 7.
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Scheme 2. Method B: alternative synthesis of N-(2-aminophenyl)-6-piperazinyl nicotinamides 7.
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system (7a–7f). The enzymatic activities for analogs 7a–
7f ranged from 301 nM (7c) to 821 nM (7f). The signif-
icance of the size and position of the substituents on the
piperazine ring became clear when R3 was further elab-
orated to a number of carbamate derivatives. Analogs
with smaller R1 and R2 substituents, such as (S)-Me
(7g, 7i) or (R)-Me (7j), on the external 2-position of
the piperazine were generally more potent than inhibi-
tors with larger substituents, such as (S)-i-Pr (7m) and
(S)-Bn (7h) when R3 = Cbz or Boc. Analogs that con-
tained disubstituted piperazines, such as dimethyl deriv-
atives 7k and 7l with substituents either in the internal or
external positions of the piperazine ring, were typically
less potent than derivatives with mono-methyl substitu-
tion at the same positions when R3 = Cbz. The two most
potent inhibitors to emerge from the SAR were nicotina-
mides 7i with an HDAC1 IC50 of 73 nM and 7j with an
HDAC1 IC50 of 40 nM.

The 6-amino nicotinamides were further evaluated in
our cell-based HCT116 colon carcinoma growth inhibi-
tion15 assay, which is a direct measure of in vitro anti-
proliferative effects, as well as an indirect measure of cell
permeability. Several trends emerged from the cell-based
results (Table 3). Inhibitors lacking N-substitution not
only had poor intrinsic potency, but generally had poor
cell-based potency as well as exemplified by 7a with a
GI50 of 1690 nM. Inhibitors with larger R1/R2 pipera-
zine substituents, such as 7m with R1 = (S)-i-Pr, had a
growth inhibition of 3484 nM, and inhibitors with



Table 2. HDAC1 activity for representative 6-piperazinyl nicotinamides

NN

O

N
H NH2

N
R3

R2 R1

R4
R5

7

Compound Method R1 R2 R3 R4 R5 HDACl IC50 (nM)a

7a Ai (S)-i-Me H H H H 435

7b Ai (S)-i-Pr H H H H 304

7c Ai (S)-Bn H H H H 301

7d Ai (S)-Me H H H (R)-Me 582

7e Ai Me Me H H H 529

7f Ai H Me H Me H 821

7g B Me H Boc H H 242

7h B Bn H Boc H H 352

7i Aii (S)-Me H Cbz H H 73

7j Aii H (R)-Me Cbz H H 40

7k Aii Me Me Cbz H H 169

7l Aii (S)-Me H Cbz H (R)-Me 255

7m Aii (S)-i-Pr H Cbz H H 326

a Values are reported as an average for n = 2 or greater.

Table 3. Enzymatic versus cell-based potency for representative nicotinamides

NR

O

N
H NH2
7

Compound Method R HDAC1 IC50 (nM)a HCT116-72h GI50 (nM)a Shift in potency

7a Ai HN
N

Me

435 1690 3.9

7g B N
N

MeO

O 242 1100 4.5

7i Aii N
N

MeO

OPh 73 81 1.1

7j Aii N
N

MeO

OPh 40 495 12.4

7k Aii N
N

O

O

Ph 169 871 5.1

71 Aii

N
N

MeO

OPh

Me

255 3317 13.0

7m Aii N
N

O

OPh 326 3484 10.7

7n Aii N
N

O

Ph 77 416 5.4

7o Aii N
N

S
O

O
149 2435 16.3

a Values are reported as an average for n = 2 or greater.
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Table 4. In vitro profile for representative urea analogs

N

N
H

O

NH2N
N

Me

H
N

O
R 7

Compound Methoda R HDAC1

IC50 (nM)b

HCT116-72h

GI50 (nM)b

7p Aii Ph 75 725

7q Aii Bn 39 916

7r Aii PMB 47 892

7s Aii
Ph

Me
101 1925

7t Aii
Ph

Me
47 902

7u Aii
Ph 47 433

a Method Ai: the ureas were prepared at room temperature using the

functionalized piperazine nicotinamide, the corresponding isocyanate

RAC@N@O (2.0 equiv) in DMF for up to 12 h.
b Values are reported as an average for n = 2 or greater.

Table 5. In vitro characterization of representative 2,5-diazabicy-

clo[2.2.1]heptane nicotinamides

N
N N

N
H

O

NH2
R

n

10

Compound Method R n HDAC1

IC50

(nM)a

HCT116-72h

GI50

(nM)a

10a Ai H 1 307 —

10b B Boc 1 189 282

10c Aii CBz 1 68 284

10d Ai Bn 1 235 1273

10e Aii

O

Ph
1 167 1480

10f Ai Cl 1 39 229

10g Ai F 1 54 477

10i Ai H 2 405 —

10j B Boc 2 669 7246

10k Aii CBz 2 67 1510

10l Aii

O

O

N

2 91 2262

a Values are reported as an average for n = 2 or greater.

Table 6. In vitro characterization for a number of 3,8-diazabicy-

clo[3.2.1]octane nicotinamides

N

N
H

O

NH2
N

NR 11

Compound Method R HDAC1

IC50 (nM)a

HCT116-72h

GI50 (nM)a

11a B Boc 167 2581

11b Ai CBz 82 1034

a Values are reported as an average for n = 2 or greater.
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disubstituted piperazines, such as dimethyl derivatives
7k and 7l with growth inhibitions of 871 and 3317 nM,
respectively, generally had poor cell-based potencies
and significant shifts from intrinsic potencies. N-sulfon-
amide derivatives also showed a dramatic shift from
intrinsic potency to cell-based potency as demonstrated
by dimethyl piperazine 7o with a greater than 16-fold
shift from HDAC inhibitory activity (149 nM) to
HCT116 growth inhibition (2435 nM). Compounds that
exhibited the greatest cellular potency contained small
alkyl (R1, R2 = Me) mono-substituted piperazines cou-
pled with CBz carbamates (R3). The significance of chi-
rality of the substituent in the distal 2-position (R1/R2)
of the piperazine is most worthy of note. While 7j with
R2 = (R)-Me possessed greater intrinsic potency
(HDAC1 IC50 = 40 nM), 7i with R1 = (S)-methyl and
an intrinsic potency of 73 nM gave a greater than 6-fold
enhancement in cell-based potency (GI50 = 81 nM) over
7j (GI50 = 495 nM).16 While the mechanism for the
remarkable 12-fold shift from HDAC enzymatic activity
to cell-based potency for 7j and other select 6-amino nic-
otinamides that exhibited this shift in potency is unclear,
it may be attributable to an off-target cellular transport
effect. The cell-based anti-proliferative effects of several
analogs were further evaluated in vitro in HeLa cervical
cancer cells. Nicotinamide 7i displayed a remarkable
cell-based potency with a GI50 of 28 nM.

Having identified that the (2S)-methyl piperazine moiety
coupled with the Cbz carbamate functionality leads to
an exceptional in vitro profile, we further evaluated a
number of urea analogs 7p–7u to determine if we could
improve upon the potency and HCT116 growth inhibi-
tion of 7i (Table 4). While a number of urea analogs
showed comparable or slightly improved HDAC1 enzy-
matic potency compared to 7i as exemplified by analogs
7p–7u ranging in enzymatic activities from 39 nM (7q) to
101 nM (7s), none of the analogs achieved a GI50 of less
than 400 nM (7u), and a significant shift from intrinsic
to cell-based potency was again observed.

Given the remarkable intrinsic and cell-based potencies
associated with 7i, we made further alterations around
the piperazine scaffold. We prepared a number of
bridged 2,5-diazabicyclo[2.2.1]heptane analogs 10a–10l
and 3,8-diazabicyclo[3.2.1]octane analogs 11a and 11b
(Tables 5 and 6).

While a number of the bridged analogs showed compa-
rable or improved intrinsic potencies to 7i as exemplified
by 10c, 10f, 10g, 10k, 10l, and 11b none of the bridged
analogs showed an improved cell-based potency com-
pared to 7i with GI50s ranging from 2262 nM (10l) to
229 nM (10f).

We also prepared a wide variety of bicyclic amino nico-
tinamides 12a–12e including tetrahydroimidazo[1,2-a]
pyrazine analogs, 2,5-diazabicyclo[4.2.0]octane derivatives,
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and 1,2,3,4-tetrahydroquinoxalines (Table 7). The most
notable of the bicyclic analogs was 12e with enzymatic
activity of 92 nM and HCT116 growth inhibition of
609 nM. Having extensively derivatized the piperazine
moiety of the nicotinamide scaffold, we determined that
7i was a unique 6-amino nicotinamide HDAC inhibitor
with excellent intrinsic potency and remarkable cell-
based potency worthy of further evaluation in vivo.

Because class I and class II HDACs have very different
biological and functional roles, a significant effort has
been invested in designing inhibitors that exhibit an im-
proved class I selectivity over inhibiting class II
HDACs.17 The potency and subtype selectivity of 7i
were measured in vitro by monitoring the deacetylation
of a synthetic acetyl-lysine bearing peptide by subtype-
specific HDAC complexes purified from mammalian
cells overexpressing recombinant enzyme.13 Nicotin-
amide 7i showed modest selectivity for HDAC1 over
HDAC2, a 13-fold selectivity for HDAC1 over HDAC3,
was essentially inactive against HDAC6, and a greater
than 225-fold selectivity for HDAC1 over HDAC8 (Ta-
ble 8). Further in vivo evaluation of 7i will be necessary
Table 7. In vitro characterization of representative bicyclic nicotina-

mides

NR

O

N
H NH212

Compound Method R HDAC1

IC50 (nM)a

HCT116-72h

GI50 (nM)a

12a Ai N
N

588 723

12b Ai N
N

N
Ph 139 1118

12c Ai N
N

N

Ph 222 866

12d Ai N
N

O

OPh 140 3360

12e Bb N
N

O

OPh 92 609

a Values are reported as an average for n = 2 or greater.
b Method B modification: the pyridyl chloride displacement in this case

required using 12 mol % Pd[P(t-Bu)3]2 and K3PO4 (3 equiv) in PhMe

at 85 �C over the course of 12 h.

Table 8. HDAC In vitro selectivity profile for 7i

HDAC1 IP (nM)a HDAC2 IP (nM)a HDAC3 IP

73 272 939

a Values are reported as an average for n = 2 or greater.
to determine what therapeutic advantages class I selec-
tivity offers over less selective HDAC inhibitors.

A homology model of hHDAC1 was built using the
crystal structures of human HDAC8 co-crystallized with
trichostatin A (PDB entry 1T64)18 and HDLP co-crys-
tallized with SAHA (PDB entry 1C3S)19 as templates
(Fig. 4).20 Superposition with the hHDAC8 crystal
structure permitted a direct copy of the Zn and select
waters into the hHDAC1 homology model. Side-chain
torsions of the residues proximate to the Zn were ad-
justed to reflect those observed in hHDAC8. A set of
150 energy minimized conformers were docked into
the hHDAC1 homology model via rigid body alignment
such that the aniline NH2 group and nicotinamide car-
bonyl approximate the position of the hydroxamate hy-
droxyl group and hydroxamate carbonyl, respectively,
from trichostatin A as observed in the hHDAC8 crystal
structure.21 The remainder of each structure was al-
lowed to access the solvent exposed surface via the
�11 Å channel which provides access to the catalytic
Zn. A set of 25 of these conformers were selected for fur-
ther study based on their ability to uniquely explore var-
ious structural features of the homology model without
encountering extreme steric clashes with the enzyme
model atoms. Each was energy minimized within the
context of the hHDAC1 homology model. Residues fall-
ing within 10 Å of each conformer were held rigid while
side-chains of residues within 5 Å of the compound were
energy minimized in conjunction with the inhibitor.

The model shown is the conformer which had the most
stabilizing interactions with the enzyme while encoun-
tering the least amount of strain relative to its original,
ex-enzyme energy minimized state (Fig. 5). Given the
vagaries of homology modeling and the approximations
made to complete these studies, several other conform-
ers nearly isoenergetic with that presented were retained
to provide a more realistic picture of the conformational
space which could be sampled by inhibitor 7i.22

In our proposed model, the inhibitor’s nicotinamide car-
bonyl oxygen makes a direct interaction with the Zn
2.4 Å away (Fig. 5). In the case of the template struc-
tures HDLP/SAHA and HDAC8/trichostatin, the dis-
tance between the hydroxamate carbonyl and Zn is 2.7
and 2.2 Å, respectively. The aniline NH2 forms a tetra-
hedral pucker such that the protons form hydrogen
bonds with His-140 and His-141 while the nitrogen lone
pair interacts with the Zn 2.4 Å away. Relative to the
templates HDLP/SAHA and HDAC8/trichostatin, the
distance between the hydroxamate oxygen and Zn is
1.8 and 2.2 Å, respectively.

Further removed from the catalytic Zn are two more
notable changes which occur during the minimization
(nM)a HDAC6 IP (nM)a HDAC8 IP (nM)a

>50,000 16,720



Figure 4. Sequence alignment constructed for HDAC1 homology model.

Figure 5. A proposed binding mode for benzamide inhibitor 7i

(purple) in context of the hHDAC1 homology model. The coordina-

tion (green and orange dashed lines) between Zn, inhibitor 7i, and key

amino acid residues (white), as well as proposed hydrogen-bonding

(yellow dashed lines) are shown.
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process. One of these is that the phenolic hydroxyl of
Tyr-303 is directed toward the carboxylate of Asp-264
rather than to the nicotinamide carbonyl unlike the ob-
served interaction between the Tyr-OH and hydroxa-
mate carbonyl in the current HDAC/HDLP
crystallographic complexes. The other change noted is
that the phenyl group of Phe-150, located in the channel,
rotates about its axis during minimization such that it is
orthogonal to the starting position. This more closely
approximates the analogous Phe torsion observed in
the HDLP structure rather than that seen in the
hHDAC8 structure. The rotation appears to result from
the proximity of the nicotinamide amide N–H with
which it appears to be forming an edge-to-face p-stack-
ing interaction.

The nicotinamide pyridine and linked piperazine of the
inhibitor are modeled to extend through the channel
to the solvent exposed region of the enzyme. In the con-
former depicted, the pyridine joins the piperazine
’’chair’’ conformation in an axial fashion which permits
the benzyl carbamate to more closely follow the con-
tours of the protein surface. The piperazine is proximate
to the Leu-271 side-chain and the methyl substituent
descends axially toward Phe-150. The benzyl group ap-
proaches Pro-29. In some of the conformers which are
nearly isoenergetic with that presented, the piperazine
and pyridine are equatorially joined and the carbamate
is axially positioned off the piperazine nitrogen. The
selectivity observed for HDAC1 over HDAC8 can best
be explained in a structural context given that Trp-141
of HDAC8 (Leu-139 for HDAC1) partially occludes
the pocket into which the aniline ring of compound 7i
is docked in the HDAC1 homology model.

Having identified 7i as our lead nicotinamide, we evalu-
ated its pharmacokinetic parameters in 2 species, Spra-
gue–Dawley rat and beagle dog (Table 9). Intravenous
dosing in rat (2 mg/kg) led to a moderate clearance
and low equilibrium volume of distribution, while oral
dosing (4 mg/kg) gave acceptable exposure, oral bio-
availability of 32%, and a terminal plasma elimination
half-life of 2.2 h. Intravenous dosing in dog (0.9 mg/
kg) gave a low clearance as well as a low equilibrium
volume of distribution, while oral dosing (1.8 mg/kg)
led to high exposure, oral bioavailability of 73%, and
a terminal plasma elimination half-life of 5.3 h.

Continuous treatment of HCT116 colon carcinoma cells
for 24 h with 7i resulted in a concentration-dependent
hyperacetylation of histone H2B (H2BK5) with an
EC50 of 2.7 lM, and was accompanied by caspase-3,7
activation consistent with an induction of apoptosis
and cell death. It is important to note that histone acet-
ylation at lysine-5 of histone H2B (H2BK5) induced by
benzamide 7i in HCT116 cells was observed within 1 h
of treatment and was sustained for more than 8 h after
the drug was washed from the cells. Treatment of
HCT116 cells with vorinostat for 1 h also resulted in sig-
nificant H2BK5 acetylation, however this effect was not
sustained and diminished rapidly following removal of
inhibitor.23

The overall ancillary pharmacology profile of 7i was
evaluated to establish if there was any significant off-tar-
get activity or other metabolic liabilities associated with
the compound. Nicotinamide 7i was inactive in our



Table 9. Pharmacokinetics profile for 7i

Species n IV Dose (mg/kg) Cl (mL/min/kg) Vdss (L/kg) p o Dose (mg/kg) AUC(N) (lM h kg/mg) F (%) t1/2 (h)

Rat 3 2.0 52 2.1 4.0 0.23 32 2.2

Dog 3 0.9 7.3 2.1 1.8 3.7 73 5.3
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Figure 6. Compound 7i dosed IP achieves in vivo efficacy in HCT116 tumor bearing mice compared to vehicle (10% DMSO/45% PEG-400/45%

water).
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hERG binding assay with a ki > 30 lM, which does not
predict a liability for 7i to cause drug-induced QT pro-
longation. The CYP inhibition potential of 7i was mea-
sured against a number of human isoforms.
Nicotinamide 7i was inactive against CYP3A4 and
CYP2D6 with an IC50 > 50 lM, and showed marginal
activity against CYP2C9 with an IC50 of 24.5 lM and
therefore is not a reversible inhibitor of these major iso-
forms. In a broad-based biochemical assay screen to
check for off-target activities, 7i exhibited minor activity
against human serine/threonine kinase MAPK3 with an
IC50 = 4.52 lM, human dopamine transporter (DAT)
with an IC50 = 3.12 lM, and human serotonin trans-
porter (SERT) with an IC50 = 1.68 lM.

In a 21-day efficacy study in HCT116 tumor bearing
mice, once daily intraperitoneal (IP) administration of
7i at both 100 mg/kg and 150 mg/kg was well tolerated
and inhibited tumor growth by 49% and 53%, respec-
tively, compared with vehicle (Fig. 6). At 7 h post-treat-
ment with 7i, a mean tumor concentration of 6.0 lM
was observed at the 150 mg/kg dose and a mean plasma
concentration of 1.8 lM was observed, while at 26 h, a
mean tumor concentration of 1.2 lM was observed
and a mean plasma concentration of 0.31 lM was
observed.

The pharmacokinetics profile and sustained pharmaco-
dynamics of 7i, coupled with its ancillary pharmacology
and established in vivo efficacy, support further investi-
gation of this compound as a potential cancer therapeu-
tic and compare favorably to HDAC inhibitors
currently in development.24
In summary, we have discovered a series of 6-amino nic-
otinamides as HDAC inhibitors that possess excellent
enzymatic inhibitory activity and cell-based potency.
An extensive SAR campaign led to the discovery of
6-amino nicotinamide 7i, a class I selective inhibitor that
possesses remarkable anti-proliferative effects in two cell
cultures, displays sustained histone acetylation in vitro,
and achieves in vivo efficacy in HCT116 tumor bearing
mice. The selectivity profile and cell-based potency for
7i are most notable for an HDAC inhibitor in the benz-
amide structural class and further in vivo evaluation of
7i will determine if these characteristics lead to greater
tolerability and efficacy compared to other HDAC
inhibitors under clinical investigation. In general, fur-
ther clinical evaluation of class I selective HDAC inhib-
itors is needed to determine the therapeutic advantages
that greater selectivity might offer with regard to im-
proved tolerability and efficacy compared to less selec-
tive HDAC inhibitors already under clinical
investigation.
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