J. Med. Chem2006,49, 7907-7911 7907

N,N'-Bisbenzylidenebenzene-1,4-diamines and,N'-Bisbenzylidenenaphthalene-1,4-diamines as
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A series of N,N-bisbenzylidenebenzene-1,4-diamine aN¢N-bisbenzylidenenaphthalene-1,4-diamine
derivatives were synthesized as inhibitors for human sirtuin type 2 (SIRT2). The design of the new compounds
was based on two earlier reported hits from molecular modeling and virtual screening. The most potent
compound wa\,N-bis(2-hydroxybenzylidene)benzene-1,4-diamine, which was equipotent with the most
potent hit compound and well-known SIRT2 inhibitor sirtinol.

Introduction

Silent information regulator 2 (Sir2) protein is a nicotinamide
adenine dinucleotide (NAD dependent class Il histone
deacetylase (HDAC), which is found in prokaryotes and all
eukaryoted: 3 Sir2 catalyzes the cleavage of the glycosidic bond
between nicotinamide and ADP-ribose of NAXollowed by
transfer of the acetyl group from an acetylated lysine residue Ho 1 OH 2
to ADP-ribose, resulting in free nicotinamide and and 3- 56.7 uM 74.3 UM
O-acetyl-ADP-ribosé:*5 Sir2 is required for several cellular ~ Figure 1. Two most potent compounds found by molecular modeling
functions, for example, chromatin silencifgell cycle, me-  and virtual screening
tabolism, and life spah®’” Seven human sirtuin type (SIRT) .
homologues are known so faf.SIRT2 is located principally ¢

. . R2
in the cytoplasm of brain and muscle céls.has been shown Rzz fm /NOMMC
. . . . R3 J \ R3

[e]
o

ZI
ZI

to deacetylate lysine-40 ai-tubulin and colocalize with the
cytoplasmic microtubules together with HDAG®!1 The SIRT2
protein level increases during the mitotic exit in the cell cyéle.
SIRT2 has also been reported to interact with the homeobox

transcription factor HOXA1@3 It has been postulated that _ _
SIRT2 inhibitors could be beneficial in patients suffering from 2-hydroxyphenymethi)-ylideneJamingphenylsulfanylmethyl)-

neurodegenerative diseases and caHcer. 4-hydroxymethyl-2-methylpyridin-3-c2 (Maybridge CD04097)
The NAD*-dependent deacetylase activity is inhibited by the Were 56.7 and 74.8M, respectively (Figure 13

NAD™* hydrolysis product nicotinamide. Besides nicotinamide, ~ The two compounds in Figure 1 have structural backbones
there are only a few known SIRT2 inhibitors. 8,9-Dihydroxy- that are new for SIRT2 inhibitors. The common structural
benzo[4,5]furo[3,2]chromen-6-one (A3) and £H-(2-hydroxy- features in the two compounds in Figure 1 are that both have a
naphthalen-1-yl)methE)-ylidenelaming -N-(1-phenylethyl)- central aromatic group, which is disubstituted with two tethered
benzamide (sirtinol) were the first reported potent SIRT2 hydroxy substituted aromatic groups. The phenolic hydroxyl
inhibitors6 Recently 4-[(2-hydroxy-1-naphthalenylmethylene)- groups of sirtinol and its analogues have been reported to be

R =H, OH or OCH,
Figure 2. General structures of the new series of compounds.

amino]N-(1-phenylethyl)benzamidgérasirtinol)” and 6-chloro- important for inhibitory activityt®1” The symmetrical is 1,4-
2,3,4,9-tetrahydroH-carbazole-1-carboxylic acid amide (EX- disubstituted. The length of the tether is three atoms, and the
527)8 were also reported as SIRT2 inhibitors. tether is connected via a nitrogen atom with an amine function.

The crystal structure of SIRT2was used as a starting point  The unsymmetrica® is 1,2-disubstituted. The lengths of the
for molecular modeling and virtual screening. A search in the tethers are two atoms, and the tethers are connected via a
Maybridge database resulted in five compounds that showednitrogen atom with an imine function or via a sulfur atom with
inhibitory activity for SIRT22° The IG5 values of the two most 3 sulfide function.
potent compounds 1,4-bis[2-(4-hydroxyphenyl)ethylamino]an-
thraquinone 1 (Maybridge JFD00244) and 5-@1-(3,5-
dichloro-

A new series of SIRT2 inhibitors with the general structure
in Figure 2 was designed based bmand2. In the new series
of compounds the central aromatic group is a 1,4-disubstituted
*To whom correspondence should be addressed. Pherg@58-17- benzene or naphth_alene, the tEthe.r Iength IS. two atom.s’ .It IS
163714. Fax:+358-17-162456. E-mail: paivi.kiviranta@uku.fi. connected via a nitrogen atom with an amine or an imine
gDepartment of Pharmaceutical Chemistry, University of Kuopio. function, and the tethered aromatic group is a phenyl group.
Department of Neuroscience and Neurology, University of Kuopio. i i
# Current location: AstraZeneca R&D Mulal, SC2, Pepparedsleden The CTOICG ofa naggthakller}e grohup as tuehc?ntraljargmatlc grr]oup
1, 431 83 Mdndal, Sweden. was also supporte. yt e fact t 'at napl t. alene derivatives have
* Kuopio University Hospital. been reported to inhibit yeast Sir2 inhibitG#s.
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Scheme 1Synthetic Route foB and 42 Table 3. Structures o6 and Their % Inhibition at 20&M
o
e R2  RI Rl R2 O
5 H, a N@—N L R2.  Ri R1 R2
7 N\
rs o R3 R3 N O NG C
R2 NH, 3a-h 5R3 R3
R2 Rl y R R2
RSG—/ \—@Rg, inhibition at
4ad compd R1 R2 R3 200 MM+ SD2%
R = H, OH or OCH, 5a H H H 18+ 0.5
_ 5b OH H H 38+ 1.2
aReagents: (a) EtOH; (b) NaBH1,2-dimethoxyethane. 5¢ H OH H 53+ 1.9
) o 5d H H OH 64+ 1.9
Table 1. Structures o3 and Their % Inhibition at 20(xM 5e OCH, H H 34412
5f H OCHs H 20+ 0.2
OCH; 17+11

2 SD = standard deviation.

R2 R1 R1 R2
O % -
R3 ’ \ R3
3

Table 4. ICs Values of the Most Potent Compounds

inhibition at
compd R1 R2 R3 200uM £ SD2 % compd IGo £ SD2 umol/L
3a H H H 35+14 sirtinol 451+ 1.6
3b OH H H 56+ 8.2 1 56.7+ 4.2
3c H OH H 12+ 0.9 2 743+ 15
3d H H OH 22+ 1.6 3b 58.4+ 14.8
3e H OH OH 13+ 0.2 5c 195.9410.9
3f OCHs H H 13+£05 5d 137.4+8.8
3 H ocC H 20+1.2 —
3% H H o OCHs NDP aSD = standard deviation.

SD = standard deviatiort. The product did not dissolve. aromatic rings. Compounds—d had a slightly lower inhibitory

Table 2. Structures of and Their % Inhibition at 20&M activity compared to compound3a—d, the ortho-hydroxy
substituted4b being again the most potent with an inhibition

i?j:ﬂ@n SN of 27% at 200uM.

R3 R3 The unsubstitutedN,N-bisbenzylidenenaphthalene-1,4-di-
4 amine 6a) resulted in an inhibition of 18% at 2Q¢M (Table
inhibition at 3). This showed that the replacement of the central benzene
compd R1 R2 R3 200uM £ SD2 % group by a naphthalene group lowered the inhibitory activity
4a H H H 21417 slightly. However, all hydroxy substituted derivativéb—d
4b OH H H 27+ 2.4 show improved inhibitory activities compared to the unsubsti-
4c H OH H 8+04 tuted 5a. Interestingly, the meta- and para-substitusedand
4d H H OH 14+05 5d are the most potent compounds in this series with inhibitions
aSD = standard deviation. of 53% and 64% at 20@M, respectively, and I€ of 195.9
. and 137.4M, respectively. The methoxy substitutee—g are
Chemistry equipotent with the unsubstitut&a but slightly less potent than

The compounds were synthesized via imine formation from the most potent hydroxy substitutéd—d.
benzene-1,4-diamine (or naphthalene-1,4-diamine) and the ap- When the compounds from Tables 2 are compared, it can
propriate aldehyde (Scheme 1). The imine groups of the be seen that the most potent compouBts5c, and5d have
compounds from benzene-1,4-diamine were reduced with almost equal percentages of inhibition at 200 (56%, 53%,

sodium borohydride. and 64%, respectively). Since these are only three compounds
) . that have over 50% inhibition at 2Q0M, their 1Cs values were
Results and Discussion determined. In the in vitro assay for SIRT2 activity, poor

The structures of the compounds and their inhibitory activities solubility of several compounds was observed when determining
at 200uM are presented in Tables-B. The 1Gy values are the inhibition at higher concentrations. This was an additional
presented for the most potent compounds in Table 4. The reason not to determine thed¢§of compounds with less than
unsubstitutedN,N-bisbenzylidenebenzene-1,4-diamiBe)(gave 50% inhibition at 20Q«M. The most potent compourb has
an inhibition of 35% at 20@M (Table 1). This shows that the  an 1Gg of 58.4 uM, which is equipotent with the most potent
new backbone is a moderate inhibitor of SIRT2, even when it hit compoundL and sirtinol (Table 4)N,N-Bis(3-hydroxyben-
is unsubstitutedN,N-Bis(2-hydroxybenzylidene)benzene-1,4- zylidene)naphthalene-1,4-diamirtec andN,N-bis(4-hydroxy-
diamine @b) was the most potent inhibitor in the series with benzylidene)naphthalene-1,4-diamibe)(gave slightly higher
hydroxy substituted derivative3b—e. Compound3b had an ICsp values of 195.9 and 137:4M, respectively. The difference
inhibition of 56% at 20Q«M and an 1Go of 58.4uM (Table 4). can be explained by the relatively large standard deviation of
The methoxy substituted derivatives—g had lower inhibitory the percent inhibition oBb (56% + 8.2%) at 200uM. The

activities than the unsubstituted compoused The inhibitory Hill slopes of the inhibition curves did not deviate significantly

activity of the para-substituted methoxy derivatBie was not from unity.

determined because of an extremely low solubility. An interesting observation regarding the conformation of the
The reduction of the imine function 8a—d resulted irda—d compounds is that the most potent compo@hchas hydroxyl

(Table 2). Compoundgla—d are more flexible tharBa—d groups in the ortho positions, which create strong intramolecular

because of deletion of the conjugated double bond between thehydrogen bonds with the electronegative nitrogen atoms. The
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hydrogen bonds have an effect on the NMR spectfzbp§iving
a more downfield chemical shift of the hydroxyl groups (in

DMSO-ds). The same chemical shift cannot be observed for

N,N'-bis(2-hydroxybenzyl)benzene-1,4-diaminéb) but can
again be observed fod,N'-bis(2-hydroxybenzylidene)naphtha-
lene-1,4-diamine&p).

To elucidate the binding possibilities of the SIRT2 inhibitors,
compounds3b, 5¢, 5d, sirtinol, 1, and2 were docked to the
crystal structure of SIRT2 Compounds3b, 5¢, and5d were

able to adopt binding modes that shared similarities with the

best ranked binding conformation of sirtinol. Compolndas

also able to bind in the same area of the cavity. However, a

similar binding pose fot could not be found in these dockings.

Conclusions

A series of N,N'-bisbenzylidenebenzene-1,4-diamine and
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N,N'-Bis(3-hydroxybenzylidene)benzene-1,4-diamine (38-Hy-
droxybenzaldehyde (2.0 equiv), room temperature for 3 days (80%).
IH NMR: 6 = 6.92-6.94 (m, 2 H), 7.36-7.38 (m, 10 H), 8.58 (s,

2 H), 9.66 (s, 2 OH)13C NMR: 6 = 114.18, 118.62, 120.20,
121.88, 129.70, 137.39, 149.18, 157.62, 159.89. ESIHM3:( 317
[M + H]Jr Anal. (020H16N202'0.2H20) C, H, N.

N,N'-Bis(4-hydroxybenzylidene)benzene-1,4-diamine (3d)-Hy-
droxybenzaldehyde (2.0 equiv), reflux for 3.0 h (56%).NMR:
0=6.89(d2J=8.5Hz,4H),7.26 (s, 4 H), 7.78 (&) = 8.5 Hz,

4 H), 8.51 (s, 2 H), 10.08 (s, 2 OHYC NMR: 6 = 115.56, 121.66,
127.56, 130.50, 149.22, 158.98, 160.48. ESI-M&z); 317 [M +
H]Jr. Anal. (C20H16N202'0.5H20) C, H, N.

N,N'-Bis(3,4-dihydroxybenzylidene)benzene-1,4-diamine (3€).
3,4-Dihydroxybenzaldehyde (2.1 equiv), room temperature over-
night (63%).'H NMR (DMSO-ds/CD3;0D): ¢ = 6.87 (d,3J=8.1
Hz, 2 H), 7.21 (dd3J = 8.1 Hz,*J = 1.8 Hz, 2 H), 7.25 (s, 4 H),
7.44-7.45 (m, 2 H), 8.42 (s, 2 H}3C NMR (DMSO-d¢/CD3;0OD):
0=114.33,115.63, 121.94, 122.88, 128.50, 145.76, 149.34, 149.56,

N,N'-bisbenzylidenenaphthalene-1,4-diamine derivatives were 159.51. ESI-MSi{v2): 349 [M + H]*. Anal. (GyH16N204:0.3H,0)
synthesized and tested in vitro against SIRT2. The most potentC, H, N.

compounds wer8b, 5c, and5d with 1Csg of 58.4, 195.9, and
137.4uM, respectively. Compoun8b was equipotent with the
well-known SIRT2 inhibitor sirtinol. These compounds have a

N,N’-Bis(2-methoxybenzylidene)benzene-1,4-diamine (3f).
2-Methoxybenzaldehyde (2.0 equiv), room temperature for 2 h
(95%).'H NMR: 6 = 3.92 (s, 6 H), 7.037.06 (m, 2 H), 7.08

new type of backbone for SIRT2 inhibitors. The new compounds 7-10 (m, 2 H), 7-255 (s, 4 H), 7.467.50 (m, 2 H), 8.06:8.08 (m,
were able to adopt binding modes that shared similarities with 2 H), 8.92 (s, 2 H):3C NMR: 6 = 55.57,111.53, 120.51, 121.73,

the best ranked binding conformation of sirtinol. The synthesize

compounds are symmetrical, but there is no requirement of

symmetry in the binding site of the SIRT2 inhibitor, and
therefore, the next study will involve the synthesis of unsym-
metrical compounds.

Experimental Section

General. NMR spectra (Bruker Avance 500, Bruker Biospin,
Switzerland; 500.1 MHz fofH and 125.8 MHz for'3C) were
measured in DMSQ@ if not otherwise noted, and chemical shifts

d 124.12, 126.86, 132.78, 149.93, 154.75, 159.23. ESI4M3:( 345

[M + H]*. Anal. (GH20N20,:0.1H,0) C, H, N.
N,N’-Bis(3-methoxybenzylidene)benzene-1,4-diamine (3Q).
3-Methoxybenzaldehyde (2.5 equiv), refl@a h (65%).'"H NMR:
0 =3.84 (s, 6H), 7.167.12 (m, 2 H), 7.36 (s, 4 H), 7.437.46
(m, 2 H), 7.52-7.53 (m, 4 H), 8.66 (s, 2 H}3C NMR: 6 = 55.14,
112.48, 117.58, 121.54, 121.94, 129.80, 137.47, 149.16, 159.49,
159.82. ESI-MSi{V2): 345 [M + H]*. Anal. (G2H20N20,+0.1H,0)
C, H, N.
N,N’-Bis(4-methoxybenzylidene)benzene-1,4-diamine (3h).
4-Methoxybenzaldehyde (3.7 equiv), room temperature for 3 h

are expressed in ppm relative to tetramethylsilane as an internal(97%).'H NMR: 6 = 3.89 (s, 6 H), 7.00 (d?J = 8.5 Hz, 4 H),
standard. Positive ion mass spectra (ESI-MS) were acquired with 7-25 (S, 4 H), 7.86 () = 8.5 Hz, 4 H), 8.47 (s, 2 H}'*C NMR:

a LCQ quadrupole ion trap mass spectrometer (Finnigan MAT, San

0 =55.69, 114.72, 122.32, 129.97, 130.92, 150.20, 159.32, 162.70.

Jose, CA) equipped with an electrospray ionization source. Com- ESI-MS (W2): 345 [M + H]*. Anal. (G2H20N20,:0.1H,0) C, H,
bustion analyses for CHN were measured on Thermo Quest ceN.

Instruments EA 1110 CHNS-O elemental analyzer. Flash chroma-

N,N'-Bisbenzylidenenaphthalene-1,4-diamine (5aBenzalde-

tography was performed on silica gel. The reactions were performed hyde (2.1 equiv), room temperature overnight (64%)NMR: ¢

in 1—7 mmol scale.
General Method for Synthesis of Imines 3a-h and 5a—g. The
appropriate aldehyde (22.5 equiv) was added to a solution 1,4-

=7.31(s, 2 H), 7.5%#7.62 (m, 8 H), 8.088.10 (m, 4 H), 8.37
8.39 (m, 2 H), 8.76 (s, 2 H}3C NMR: 6 = 113.18, 123.45, 126.21,
128.76, 128.76, 128.92, 131.42, 136.21, 146.18, 159.97. ESI-MS

phenylenediamine (1.0 equiv) in anhydrous ethanol (20 mL) or (M2): 335 [M + H]*. Anal. (G4H1aN2:0.2H,0) C, H, N.

naphthalene-1,4-diamine (1.0 equiv) in anhydrous tetrahydrofuran

(except5c in anhydrous acetonitrile) (20 mL). The reaction was

N,N'-Bis(2-hydroxybenzylidene)naphthalene-1,4-diamine (5b).
2-Hydroxybenzaldehyde (2.1 equiv), room temperature overnight

performed under an argon or nitrogen atmosphere and protected51%).H NMR: 6 = 7.03-7.06 (m, 4 H), 7.46:7.50 (s, 2 H),
from light. Benzene-1,4-diamine reactions were stirred at room 7.55 (s, 2 H), 7.767.72 (m, 2 H), 7.7#7.79 (m, 2 H), 8.25
temperature or refluxed if necessary. The product precipitated out8.27 (m, 2 H), 9.07 (s, 2 H), 13.06 (s, 2 OHJC NMR: ¢ =
of the reaction mixture. Naphthalene-1,4-diamine reactions were 114.73, 116.57, 119.24, 119.73, 122.79, 127.14, 128.23, 132.37,
stirred overnight at room temperature. Afterward, the solvent was 133.47, 144.16, 160.22, 163.46. ESI-M®Z): 367 [M + H]*.

evaporated and the residue was washed with methanol.

N,N'-Bisbenzylidenebenzene-1,4-diamine (3aBenzaldehyde
(2.1 equiv), room temperaturerfé h (77%).*H NMR: 6 = 7.33
(s, 4 H), 7.48-7.51 (m, 6 H), 7.937.95 (m, 4 H), 8.63 (s, 2H).
13C NMR: 6 = 121.62, 128.39, 128.42, 131.00, 135.91, 149.16,
159.39. ESI-MS1fVz): 285 [M + H]*. Anal. (GoH16N2) C, H, N.

N,N'-Bis(2-hydroxybenzylidene)benzene-1,4-diamine (3t9-Hy-
droxybenzaldehyde (2.0 equiv), reflux for 3.5 h (99%). The
NMR parameters were solved precisely with the PERCHit itetator
using PERCH softwar&. '"H NMR: 6 = 6.977 (d,3J = 8.28 Hz,
4J=1.06 Hz, 2 H), 6.995 (£J = 7.70, 7.27 Hz?J = 1.06 Hz, 2
H), 7.426 (td,3) = 8.28, 7.27 Hz}) = 1.72 Hz, 2 H), 7.545 (s, 4
H), 7.673 (dd3J = 7.70 Hz,4) = 1.72 Hz, 2 H), 9.030 (s, 2 H),
13.068 (s, 2 OH)}3C NMR: ¢ = 116.51, 119.08, 119.27, 122.44,
132.47, 133.22, 146.58, 160.23, 163.05. ESI-M®&); 317 [M +
H]+. Anal. (Con]_eNzOz) C, H, N.

Anal. (024H13N202) C, H, N.
N,N'-Bis(3-hydroxybenzylidene)naphthalene-1,4-diamine (5c).
3-Hydroxybenzaldehyde (2.5 equiv), room temperature for 2.5 h
(27%).'H NMR: 6 = 6.98-6.99 (m, 2 H), 7.26-7.62 (m, 10 H),
8.36 (m, 2 H), 8.68 (s, 2 H), 9.76 (s, 2 OHYC NMR: 0 =113.32,
114.41, 118.87, 120.46, 123.48, 126.30, 128.96, 129.90, 137.62,
146.16, 157.79, 160.15. ESI-M3fp): 367 [M + H]'. Anal.
(C24H18N202:1.1H,0) C, H, N.
N,N'-Bis(4-hydroxybenzylidene)naphthalene-1,4-diamine (5d).
4-Hydroxybenzaldehyde (2.1 equiv), room temperature for 3 days
(47%).1H NMR: 6 = 6.94 (d,3) = 8.2 Hz, 4 H), 7.21 (s, 2 H),
7.56-7.58 (m, 2 H), 7.92 (d3) = 8.2 Hz, 4 H), 8.35-8.37 (m, 2
H), 8.60 (s, 2 H), 10.16 (s, 2 OH)3C NMR: ¢ = 113.10, 115.74,
123.57, 126.03, 127.87, 129.08, 130.83, 146.23, 159.25, 160.72.
ESI-MS (2): 367 [M + H]*. Anal. (G4H1gN20,°1.7CHOH) C,
H, N. CH;OH was observed in the NMR spectra.
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N,N'-Bis(2-methoxybenzylidene)naphthalene-1,4-diamine (5e).

Brief Articles

overnight. Addition of 50uL of quenching solution, which was

2-Methoxybenzaldehyde (2.0 equiv), room temperature overnight acidic, was used to stop the reaction. The relea3dthetylated

(18%).1H NMR: 6 = 3.93 (s, 6 H), 7.127.15 (m, 2 H), 7.19
7.21 (m, 4 H), 7.557.60 (m, 4 H), 8.23-8.25 (m, 2 H), 8.33
8.35 (m, 2 H), 9.00 (s, 2 H}3C NMR: 6 = 55.74, 111.98, 113.20,

product was extracted with ethyl acetate and counted by a liquid
scintillation counter. Each experiment was repeated at least three
times.

120.70, 123.45, 124.07, 126.19, 127.10, 128.88, 133.16, 146.79, Docking Procedures.The docking studies were performed with

154.85, 159.25. ESI-MS1{2): 395 [M + H]*. Anal. (GgH22N02*
0.1H0) C, H, N.
N,N’-Bis(3-methoxybenzylidene)naphthalene-1,4-diamine (5f).

the Gold molecular docking program, version 3’@nd AutoDock
software package, version 3.G%using the crystal structure of
SIRT2? (PDB entry 1J8F) as the target protein. The scoring of the

3-Methoxybenzaldehyde (2.4 equiv), room temperature for 2 days dockings was based on the scoring functions implemented in the

(60%).1H NMR (CDCl): 6 = 3.92 (s, 6 H), 7.077.09 (m, 4 H),
7.40-7.44 (m, 2 H), 7.527.53 (m, 2 H), 7.56:7.58 (m, 2 H),
7.67-7.67 (M, 2 H), 8.38:8.40 (m, 2 H), 8.56 (s, 2 H}*C NMR
(CDCl): ¢ = 55.46, 112.17, 112.84, 118.16, 122.40, 123.86,

programs. In the Gold runs the GoldScore scoring function was
used. The search area in the docking runs was limited to include
the cavity that forms the active site of the protein and parts of the
so-called hydrophobic pocket adjacent to the active site region. Both

126.30, 129.27, 129.78, 137.92, 147.27, 159.52, 160.05. ESI-MS docking programs were able to produce congruent results and dock

(m/2): 395 [M + H]*. Anal. (GgH22N,0,:0.3H,0) C, H, N.
N,N'-Bis(4-methoxybenzylidene)naphthalene-1,4-diamine (5g).

the compounds in the area of the active site cavity where the
deacetylation reaction has been shown to take place. There is a

4-Methoxybenzaldehyde (2.0 equiv), room temperature for 2 days narrow channel leading from the active site to the other side of the

(66%).1H NMR: 6 = 3.89 (s, 6 H), 7.07 (B = 8.4 Hz, 4 H),
7.19 (s, 2 H), 7.547.56 (m, 2 H), 8.00 (d3J = 8.4 Hz, 4 H),
8.36-8.38 (M, 2 H), 8.62 (s, 2 H}3C NMR: 6 = 55.30, 112.86,

protein. This channel has been shown to be very hydrophilic and
attract water molecule®.GRID?® calculations showed that water
molecules interact more favorably in that channel than the docked

114.16, 123.58, 125.90, 129.11, 129.27, 130.50, 146.37, 158.72,compounds. Therefore, docking results where the ligand was docked

161.99. ESI-MSiV2): 395 [M + H]*. Anal. (GogH2oN20,:0.1H:0)
C, H, N.
General Method for Reduction of Imines for Amines.NaBH,

into the water channel were excluded from the analysis.
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7.29 (m, 4 H), 7.327.33 (m, 4 H).13C NMR: 0 = 47.68, 113.71,
126.30, 127.15, 128.01, 140.03, 140.85. ESI-M&); 289 [M +
H]*. Anal. (GoH20N2:0.1H,0) C, H, N.

N,N'-Bis(2-hydroxybenzyl)benzene-1,4-diamine (4b). 3and
NaBH, (2.8 equiv), 1.5 h (30%)*H NMR: 6 = 4.08 (s, 4 H),
5.18 (s, 2 NH), 6.44 (s, 4 H), 6.6%.72 (m, 2 H), 6.76:6.78 (m,

2 H), 6.99-7.03 (m, 2 H), 7.1#7.18 (m, 2 H), 9.47 (s, 2 OH).
13C NMR: 6 = 43.10, 114.00, 114.70, 118.59, 126.01, 127.20,
128.28, 140.15, 155.03. ESI-M3fp): 321 [M + H]*. Anal.
(ConzoNzOz‘O.S"bO) C, H, N.

N,N'-Bis(3-hydroxybenzyl)benzene-1,4-diamine (4c). 3and
NaBH, (2.8 equiv), 3 days (36%fH NMR: ¢ = 4.04-4.05 (m,

4 H), 5.26 (s, 2 NH), 6.38 (s, 4 H), 6.56.58 (m, 2 H), 6.73
6.74 (m, 4 H), 7.047.07 (m, 2 H), 9.189.20 (m, 2 OH).13C
NMR: 6 =47.70, 113.32, 113.67, 113.93, 117.73, 128.97, 140.10,
142.46, 157.29. ESI-MS{2): 321 [M + H]*. Anal. (GoH20N202+
0.1H,0) C, H, N.

N,N'-Bis(4-hydroxybenzyl)benzene-1,4-diamine (4d). 3and
NaBH, (3.6 equiv) 3 h (71%).*H NMR (D;0): 6 = 4.04 (s, 4
H), 6.60 (d,3) = 8.4 Hz, 4 H), 6.80 (s, 4H), 7.12 (8) = 8.4 Hz,

4 H).13C NMR (D,0): 6 =51.97,119.97, 121.52, 127.67, 132.58,
144.12, 168.03. ESI-MS1{2): 321 [M + H]*. Anal. (GgH16N202*
2.2H,0) C, H, N.

In Vitro Assay for SIRT2 Activity. The inhibitory activities
were determined using a radioactively labeled acetylataabulin
peptide as substrate. The-tubulin peptide was labeled with
[®H]sodium acetate using benzotriazol-1-yloxytris(dimethylamino)-

to J.L., and Grant No. 111453 to A.P.), and Association of
Finnish Chemical Societies for financial support.

Supporting Information Available: Detailed experimental
procedures for the syntheses, NMR spectra, ESI-MS results, and
elemental analysis data for the new compounds, in vitro assay for
SIRT2 activity, and the docking procedure. This material is available
free of charge via the Internet at http://pubs.acs.org.
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