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ABSTRACT

A comprehensive investigation was performed totiienew benzodiazepine (BZD) derivatives
as potent and selective human lysine deacetyldsbitors (hKDACIs). A total of 108 BZD
compounds were designed, synthesized and from 184t compounds were biologically
evaluated against human lysine deacetylases (hKIDACZand 8 (class 1) and 6 (class IIb). The
most active compounds showed mid-nanomolar potenagainst hKDACs 1, 3 and 6 and
micromolar activity against hKDACS8, while a pronmgi compound §q) showed selectivity
towards hKDAC3 among the different enzyme isoforAs.hKDAC6 homology model, refined
by molecular dynamics simulation was generated, rantbcular docking studies performed to
rationalize the dominant ligand-residue interacticas well as to define structure-activity-
relationships. Experimental results confirmed tisefulness of the benzodiazepine moiety as
capping group when pursuing hKDAC isoform-seletyivinhibition, suggesting its continued

use when designing new hKDACis.
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INTRODUCTION

Being an epigenetic target, lysine deacetylases AB$) generally referred to as histone
deacetylases (HDACSs), are a family of enzymes d@inatresponsible for deacetylation of lysine
residues in both histone and non-histone substfaie€merged as an important target in the
development of potential therapeutic agents [ZF6ese enzymes are involved in a wide variety
biological processes, including cell differentiati@ngiogenesis, and apoptosis [3, 7, 8]. The 18
isoforms of KDAC are classified into four distingtoups: class | (KDACs 1, 2, 3, and 8), class
Il (class lla (KDACs 4, 5, 7, and 9), class lib (KDs 6 and 10)), class Il (sirtuins) and class IV
(KDAC11) based on their size, number of catalyticalctive sites, subcellular locations, and
sequence homology with respect to their yeast evpatts [9-12]. Except for class Il KDACs

(sirtuins) that are NAD-dependent proteins, the other enzymes are alldependent [9, 13, 14].

Numerous structurally diverse KDACs inhibitors (KDB#) against Zfi-dependent KDACs
have been explored [15, 16], and some of them Fp@aved while others are at various stages
of clinical evaluation [17, 18]. Romidepsin (FK-22819, 20], vorinostat (SAHA) [21],
belinostat (PXD101) [22], and panobinostat (LBH588, 24], Figure 1) have been approved
by the U.S. Food and Drug Administration (FDA) ftre treatment of cutaneous T-cell
lymphoma (CTCL), peripheral T-cell lymphoma (PTClpd multiple myeloma, respectively.

Chidamide, a KDACIi developed in China, has beerntyg approved by the China Food and



Drug Administration for the treatment of PTCL [29fowever, most KDACis are class |
selective (FK-228, PXD101) or pan-KDAC inhibitoiSAHA, LBH589). These nonselective or
partially selective KDAC inhibitors usually lead tmdesirable biological side effects, such as
fatigue, nausea, and cardiotoxicity [26-30]. To idvilie side effects, an increasing number of
investigations are focusing on the developmensatiype-selective KDAC inhibitors [14, 17]. In
continuation of these efforts, benzodiazepines (BZBave also been used as cap groups to
discover isoform-selective KDAC inhibitord=igure 2) [31, 32]. During the course of our

investigation, an article appeared that also etiliBZD as a cap groupigure 2) [33, 34].
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Figure 1. Examples of potent KDAC inhibitors.



Herein, we report the design of novel C3-substitudtenzodiazepines with an amino acid side
chain as cap group and at N1 linear alkyl chairribgalifferent functions as the Zhchelating
group Figure 2) targeting human lysine deacetylase (hKDAC) isof@rbased on analysis of
structure-activity relationships (SARS); a librarfyBZD analogs has been synthesized. The lead

compounds from this library exhibit potent clas€AC selectivity.
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Figure 2. KDAC inhibitors with BZD scaffold as cap group.

RESULTS
Chemistry

C3-substituted BZDs26-2u) were synthesized from readily available 2-amimaogphenone in
a three-step process, often without the need foifigation until the cyclization step. N1-
Substituted BZD analogs34-3s) were synthesized by treating BZD2a{2s) with sodium
hydride and alkylation with methyl-5-bromovalerateDMF at room temperature. BZD acids
(4a-4s) were obtained by the hydrolysis of BZD-methyleest@a-3s) with 1M KOH aqueous
solution in MeOH or by using LIOH in MeOH/ 8 (9:1). BZD hydroxamic acid$H#é-5s) were
generated with a mixed anhydride approach withlaethioroformate (ECF) and reacting with

NH,OHHCI (Scheme 1).



Scheme 1.2
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d
aa = Boc-Gly-OH (1a) aa = Boc-Phe-OH (11) l

Boc-Ala-OH (1b) Fmoc-Tyr(tBu)-OH (1m) OH (4a-4s)

Boc-Val-OH (1c) Fmoc-Trp(Boc)-OH (1n) le

Boc-Leu-OH (1d) Fmoc-His(Trt)-OH (10)

Boc-lle-OH (1e) Fmoc-Lys(Boc)-OH (1p) NHOH (5a-5s)

Fmoc-Met-OH (1f) Fmoc-Arg(Pbf)-OH (1q)

Fmoc-Ser(tBu)-OH (1g) Fmoc-Asp(OtBu)-OH (1r)

Fmoc-Cys(StBu)-OH(1h) Fmoc-Glu(OtBu)-OH (1s)

Boc-Thr(Bzl)-OH (1i) Fmoc-D-asp(OtBu)-OH (1t)

Fmoc-Asn(Trt)-OH (1j) Fmoc-D-glu(OtBu)-OH (1u)

Fmoc-GIn(Trt)-OH (1k)

3Reagents and Conditions: a. (i) N-methylmorpholine, THF, -20 °C, ethyl chloroformate, 15 min.,

(i) 2-aminobenzophenone; b. (i) TFA, DCM, 0 °C-rt (for BOC), or 20% piperidine in DCM, rt (for Fmoc),
(i) CH3;COONH,, AcOH, rt; c. methyl-5-bromovalerate, NaH, DMF, rt, 12h; d. 1M KOH aqg.,MeOH, rt, 12h,
(for 4r, 4s: LiOH, MeOH : H,O (9:1), rt, 12h); e. (i) N-methylmorpholine, THF, -20 °C, ethyl chloroformate,
15 min., (ii) NH,OH'HCI, H,0O, rt, 1-12h.

Finally, the BZD hydroxamates with free side chaiere obtained by cleaving the protecting
groups. BZD hydroxamategg, 6m, 6r, 6s, 6n, and6p were obtained by cleaving the protecting
groups on5g, 5m, 5r, 5s, 5n, and 5p compounds side chain with TFA. Side chain protecti
groups cleavage with TFA/ TIS on compourifis5k, 50, and5q provided hydroxamate BZDs
6j, 6k, 60, and 6g. Compound 6h was obtained from5h by employing the
trifluoromethanesulfonic acid and debenzylation Sof with excess of BFOEt and EtSH

afforded6i (Scheme 2).



Scheme 2.2
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8Reagents and Conditions: a. TFA, rt, 4h; b. TFA/ TIS, rt, 4h; c. CF3SO3H, rt, 4h; d. BF3.OEt,, EtSH, rt, 6h.

BZD compounds&r-8u) were synthesized by mixed anhydride formatiomfitheir acids 7r-
7u), which were obtained byert butyl deprotection of2r-2u compounds with TFA. BZD

hydroxamatesi(lr, 11s) were obtained from BZD acids, 7s by mixed anhydride approach and



reacting with methyl-4-aminobutanoate HCI salt [3bhe resulted este@, 9s on hydrolysis
provided acid40r, 10s. These acids are converted to hydroxamic atlds11s by reacting with
hydroxylamine HCI salt Scheme 3). BZDs 13r, 13s were synthesized by mixed anhydride
formation from their acids1@r, 12s), which were obtained byert butyl deprotection of

compoundéglr, 4s with TFA (Scheme 4).
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4Reagents and Conditions: a. TFA, rt, 4h; b. (i) N-methylmorpholine, THF, -20 °C, ethyl chloroformate,
(ii) NH,OH'HCI, H,0, rt, 12h; (iii) NH(CH5,)3COOMe 'HCI, H,0, rt, 12h; c. 1M KOH agq., MeOH, rt, 12h.

Scheme 4.2
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3Reagents and Conditions: a. TFA, rt, 4h; b. (i) N-methylmorpholine, THF, -20 °C, ethyl chloroformate,
(ii) NH,OH-HCI, H,0, rt, 12h.
Bioactivity Against I solated hK DAC | soforms
All the synthesized BZD derivatives were assayed dktails, see the Experimental Section) for

their inhibitory activity against recombinant hKDAQ, 3 and 8 (Class | KDACs) and hKDAC 6



(Class Il KDACSs).In vitro assays were performed using the Caliper EZ ReHdgystem
(Perkin-Elmer Caliper Life Sciences, USA). The ddatks were firstly tested in duplicate at 30
UM (see Supplementary materighbles S3-$4 for all the BZDs inhibitor % values over the 4
considered hKDACSs). Those compounds showing arbitany activity >50% at 30 uM were
then assayed using two replicates in a 10-poine aogve with 3-fold serial dilution starting
from 30 uM, for which 1G, values as well as dose-response curves were grered [ables 1
and2 and Supplementary materigbble S5 for dose-response curves). As positive controis te
well-known hKDACIis were usedr@ble 3, Supplementary materidlable S6 for dose-response
curves).

Table 1. C3-substituted BZD analogs hK DAC | Cso (uM) values,

H O
N
n
—N
Ph
Biological response’
a | Cso (MM)°
Entry D R hK DAC isoform
1 3 6 8
0
1 8s ol ZNH 16.92 | >30| >30| >30
HO
o H
2 11r _/U\N/\/\H/N\OH 17.38 | 3.21| 1.7q >3d
z H O
o H
3 11s Aoy o 2287 | 517| 7.1 >3(
K (@]

%0Only compounds showing at least one detectablgd@® reported (see Supplementary material
Table S3 for the complete list)°Compounds were tested in a 10-point dose with @-gerial
dilution starting from 3QM. “ICsovalues and dose-response curves were derived fiop@ends
with inhibition >50% at 30uM. See Supplementary materighbles S3 andS5 for all inhibition
data and dose-response curves.



Table2. N1, C3-Substituted BZD analogs hK DAC | Cso (uM) values.

0]

&LNHOH
0
N
\€7R1
—N
Ph

Biological response”

| Cso (uM)°
Entry’ D Ry hK DAC isoform
1 3 6 8

1 5a H 384 | 066 189] 6.72
2 5b Me 1267 | 180 | 2.95[ 2475

5c < 527 | 060 | 135| 19.83
4 5d ~< 590 | 057 | 233| >30
5 5e <\ 10.96 | 1.03 | 3.75| >30
6 5f \~s\ 643 | 043 | 170| 20.28
7 59 Notail 9.00 | 121 | 505| >30
8 5h -, 799 | 075 | 537| >30
9 5i ( 455 | 091 | 205| 2954

OBzl
O
10 5 S\ >30 | 431 | 627 >30
Trt
0
11 5k S zNH 924 | 083 | 099| 2348
Trt’
12 5l @ 851 | 049 | 1.98| 1267
13 5m Q 6.18 | 085 | 287| 3.30
OtBu




N
14 5n : [ >30 5.21 6.92 8.39
N=\

15 50 :&N\Trt >30 2.55 4.74 >30
16 5p L\_NH 463 | 059 | 3.06| 2179
BOC
NH
17 5q HN >30 4.29 16.17 >30
NH

Pbf
0]
18 5r < 15.7 4.15 6.43 | 22.39
" OtBu
O
19 55 /—/< 457 1.03 235 | 26.07
OtBu
20 69 “oH >30 | 494 | 635| >30
21 6h oy 046 | 018 | 058 | 811
22 6i ( 11.23 | 1.80 | 11.58] >30
OH
O
23 6 — 2253 | 310 | 538| >30
NH,
O
24 6k 1395 | 1.94 1.29 >30
red NH2
25 6m Q >30 5.29 8.46 >30
OH
/NH
26 6N S 16.84 | 1.01 1.95 >30
N
27 60 N 13.88 | 132 | 498| >30
28 6p \‘\_ 6.54 095 | 12.12| >30
NH,




29 6 HN_</NH 144 | 022 | 263 >30
NH,
O
30 6r —< >30 | 12.60 | 19.84| >30
~___OH
0]
31 6s < >30 | 871 | 16.00( >30
o OH
0]
32 13r —X 9.99 | 10.39| >30 >30
NH-OH
O
33 13s /—/< 1497 | 257 | 1.74| 852
NH-OH

®Only compounds showing at least one detectablged(®@ reported (see Supplementary material
Table S3 for the complete lisiCompounds were tested in a 10-point dose with @-§erial
dilution starting from 3QM. “ICsovalues and dose-response curves were derived fiop@ends
with inhibition >50% at 30uM. See Supplementary materighbles S4 andS5 for all inhibition
data and dose-response curves.

Table 3. Standar d compounds (positive controls) hKDAC | Cso (uM) values.

Biological response®

Entry ID | Cso (uM)®
KDAC isoform
1 3 6 8
1 Entinostat (M S-275) [36] 1.48[35] | 0.79 [35] >30 [35] | >30 [35]
2 L argazol€®[37] 2.33[35] 1.36 [35] 9.29[35]| >30[35]
3 Pa”Obi”OStatzgi BHS89) [23, | (02 0.06 0.13 1.78
4 PCI-34051 [38] 14.41[35] | >30[35] 457[35]| 0.49 [35]
5 SD-L-256 [39] 3.48[35] | 0.47[35]| 1.61[35]] =>30(35]
6 Trichostatin A (TSA)[40] | 0.015[35] | 0.020[35]| 0.038[35] 4.55 [35]
7 Tubastatin A [41] 2.87[35] | 0.77[35] | 0.014[35]] 2.34[35]
8 T247 [42] 1.11[35] | 3.94[35] >30[35] | >30[35
9 Vorinostat (SAHA) [43] | 0.0070 [35]| 0.0014 [35] 0.0014 [35] 0.50 [35]
10 4[44] 27.37 20 >30 1.09

dCompounds were tested in a 10-point dose with @4efial dilution starting from 30M.

P|Cs values and dose-response curves were derivesdfopaunds with inhibitiorr 50% at 30
uM. The thioester form of largazole was assayed asqursly reported [35].
See Supplementary materiedble S6 for dose-response curves.



Inhibitor Potency. Among the BZD compounds, the highest inhibitor\attés were generally
detected towards the hKDAC3 isoforaples 1 and?2): 6h (a N1, C3-substituted BZD) showed
the highest potency against hKDAC3 {G 180 nM), with a mid-nanomolar activity against
hKDACs 1 and 6 (Igo= 460 nM and 580 nM, respectively) and a low micotan inhibition
against hKDACS8 (IGo = 8.11 uM). Compoundh was the only BZD endowed with ansiC
value lower than 1 uM against hKDAC1 and hKDACSG fggorted above), together witk (a
N1, C3-substituted BZD having and{ 990 nMvs hKDACSG). Similarly asth, compoundsq

(a N1, C3-substituted BZD) showed ansd@alue of 220 nM against hKDAC3, but a lower
activity (thus higher selectivity) when consideriting other 3 isoforms (Kgvalues of 1.44 uM,
2.63 uM and >30uM against hKDAC1, 6 and 8, respebt). Other 11 BZD compoundSsf( 5l,
5d, 5p, 5¢c, 5a, 5h, 5k, 5m, 5i and6p; all N1, C3-substituted BZDs) were detected tanmest
active against the hKDAC3 isoform showing ansdG1uM. No BZD derivatives showed
interesting inhibitor activity against hLKDAC&m (ICso = 3.3 pM) was detected as the most

active.

Isoform Sdlectivity. By comparing the 104-benzodiazepine derivativesh viheir relative
isoform-related activities T@bles 1-2 and Supplementary materidlables S3-$4), it was
possible to rationalize a series of features reguior inhibitory potency and isoform selectivity.
hKDACL. 28 BZDs showed an inhibitory percentage value gretiian 50% at 30 uM (with a
range of 1Gy values comprised between 460 nM and 22.87 uM; oatgpoundéh showed an
ICs0 < 1uM). Among them, only three C3-subsituted BZBs (1r, 11s) were detected, but
showing lower inhibitory activities (l§s values of 16.92 uM, 17.38 uM and 22.87 uM,
respectively). All of the derivatives with an 4§<30uM were hydroxamic acids. Conversely,

those compounds without inhibitory activity had maroxamic moiety as a zinc-binding group,



confirming the effectiveness of this moiety for digl-protein recognition: for example,
compoundsa and4a (both areN1, C3-substituted, with a hydrogen in C3, and rboa atoms
as linker in N1) differ only by the presence of tingdroxamic moiety (characterizirisp), but
show a completely different hKDAC1 inhibition adtiw (ICso = 3.84 pM and >30uM,
respectively).

About the C3-substituted derivatives, the C3 camfigjon affected the biological response; the
L-derivatives were more active than those compoumitis a D-configuration. For example,
compound8s (a C3-substituted BZD), having k){C3, has a higher activity (kg = 16.92 uM)
than its enantiomer (compour8t, ICso >30 uM), thus suggesting a primary role of the C3
configuration in BZD-hKDAC1 recognition.

hKDAC3. Compared to hKDAC1, a higher number of tested ammgs (a total of 35) showed
an inhibition percentage greater than 50% at 30(]0vb values between 180 nM and 12.6 uM).
Of those, thirteen showed ansC-1uM. Noteworthy, the highest inhibition potenciesre
obtained against this enzyme isoform (e.g. comps®éhdand 6q as reported above). Among
those derivatives showing ans§330 UM, only two are C3-substitutetil¢( and11s, ICso values

of 3.21 uM and 5.17 pM, respectivglynterestingly, even those with a 6- or 7-atom dir&
showed higher activities compared to hKDAC1s(&alues equal to 17.38 uM and 22.87 uM,
respectively). This suggests that hKDAC3 accemanlils characterized by a longer linker.
Similar to hKDAC1, all of the derivatives with 4§£<30 uM are hydroxamic acids, but the D/L
configuration at C3 (when considering C3-substdutierivatives), gave an opposite effect on
hKDACS inhibition compared to the hKDAC1 case: tatample, compoun@u (D-derivative)
showed a higher inhibition percentage (29.45% atuB0 with respect to its L-enantiomer

(4.57% at 30 uM, see Supplementary matdraddle S3).



hKDACS6. 34 BZD compounds showed an inhibition percentagatgr than 50% at 30 uM (with
a range of Igyvalues comprised between 580 nM and 19.84 uM); tmabyfrom this seriesth
and5k), had an 16, <1puM (580 nM and 990 nM respectively). As for hKDA@fd 3, among
the most active derivatives (those with agk30 M), only two {1r and11s, ICspvalues equal
to 1.76 uM and 7.16 uM, respectivebre C3-substituted, while all are hydroxamic aciduus,
similar to hKDACS, ligands characterized by a loneker are well accepted by hKDAC1. The
effect of the D/L-configuration at C3 (for C3-subgted derivatives) is similar to the case of
hKDAC1; the L-configuration increased the inhibitipotency (i.e8s, an L-derivative showing
an inhibition of 36.51% at 30uM was more active nthids enantiomer8u which has
approximatively half the potency, 19.02% at 30 sk Supplementary materiable S3).
hKDACS8. Compared to the other isoforms, hKDAC8 was gehetass inhibited by the tested
compounds. In fact, only 14 BZDs resulted with alnibition percentage value greater than 50%
at 30 uM (showing a range of J§alues comprised between 3.3 uM and 29.5 uM), ane of
these with an I <1 pM. Similarly to the results for the other isofw, the most active
compounds (with an l§g <30 uM) were hydroxamic acids, but (conversely fridme other
targeted enzymes) none of them were C3-substitdezivatives. The first four most active
compounds arébm, 5a, 6h and 5n (ICsp = 3.30 pM, 6.72 uM, 8.11 uM and 8.39 uM,
respectively), characterized by Tyr(tBu), Gly, Gysd Trp(Boc) amino acid side chains suggest
that aromatic rings with terminal aliphatic chaif@s in5m and 5n) or short aliphatic/polar
moieties (as irba and6h) are preferred (e.g. compasm with 5l; 5n with 6n). To the contrary,
the low activity of6éq and6p (characterized by an Arg and Lys) indicates thgatiege impact of

a positively charged group on hKDACS inhibition.



Isoform Selectivity. Beside the inhibitory potency, isoform selectiviy an important issue
during the discovery of new KDACis. Given the numbEenzyme isoforms herein, we propose
to summarize the selectivity of an inhibitor usimglobal isoform-selectivity index (GISIndex)
for each specific hKDAC isoform. To obtain the Gi8éx, all the partial selectivity indexes
towards each investigated isoform were derived, QIpplementary materidlable S7), and the
average computed. When considering hKDACs 1, 3nd & for each enzyme isoform, three
partial selectivity indexes (SIs) can be derived. @ example, when considering hKDAC1,
three Sls can be computed: from hKDAC3 (denoted/d8% hKDAC6 (denoted as 1/6), and
hKDACS8 (denoted as 1/8); then the hKDAC1 GISIndexierived by averaging the three partial
SlIs (Supplementary materidlable S7). As a result, a selective KDACi will show a highe
GISIndex coefficient only towards one hKDAC isoforritable 4 reports the positive
GISIndexes characterizing the tested compounds B2bd standards) while those with a
GISIndex equal to zero are omitted (see SupplementaterialTable S7 for the complete table
of results). Tubastatin A was the most selectivenpound, showing one relevant GISIndex
(142.38) towards hKDACS6, while compounds charazegtiby at least two similar GISIndexes
among the enzyme isoforms, were not as selectige T&A and SAHA, as expected since they
are characterized as pan-inhibitors). Among the BEDvatives, compounég was the most
selective with a detectable preference for hLKDAG3SIndex = 51.62, and negligible values
from the other isoforms), followed by a series &B: 5d, 5f, 5h, 6p, 6h, 5p, 51 and6n with a
hKDAC3 GISIndex greater than 15 while negligible @iher isoforms Table 4). All of the 9
compounds composing the above series, are N1, k&8#aded BZD analogs and hydroxamic

acids; moreover, even if characterized by diffesntno acid chains, their activity range against



hKDAC3 varies by only a factor of 5.61 (bei®p the most active an@n the least active,

showing an IGy= 180 nM and 1.01 uM, respectively).

Table 4. hLKDACs 1, 3, 6 and 8 global isoform selectivity indexes. The tested compounds
have been ranked for each isoform according toreletive global isoform selectivity index
value. Standard compounds are reported as itadiacters.

hKDAC1 hKDAC3 hKDAC6 hKDACS8
GISIndex® ID GISIndex® ID GISIndex® ID GISIndex* ID
102.40 TSA 120.71 SAHA 142.38 Tubastatin A 33.32 PCI-34051
32.8¢ LBH589 75.8¢ TSA 120.7: SAHA 23.6¢€ 4
23.81 SAHA 51.62 69 39.91 TSA 1.19 5n
19.2( T247 25.32 MS-275 11.8¢ 6k 0.62 5m
13.5] MS-275 24.8¢ SD-L-256 11.0Z 5k 0.5¢ 13s
7.55 69 22.36 5d 9.58 11r 0.41 Tubastatin A
6.3C 6h 22.02 5f 8.01 6n
5.62 Largazole 19.27 5h 6.93 SD-L-256
2.81 SD-L-256 17.0i 6p 6.2C 5¢c
2.35 13r 16.94 6h 5.54 5i
2.16 5i 16.66 5p 5.24 5f
2.1% 6p 15.7¢ 51 5.14 5d
1.90 5s 15.46 6n 4.99 13s
1.77 8s 14.6¢ 5¢c 4.6¢€ 6h
1.69 5d 14.47 5e 4.56 LBH589
1.57 5p 13.2¢ 5i 4.3¢ 5s
1.2¢ 5¢c 13.1¢ 5k 4.2t 5b
1.25 5h 12.34 60 4.22 50
1.2¢ 6i 12.1¢ 5g 3.8C 69
1.11 59 10.68 5s 3.64 5e
1.0% 5f 10.61 LBH589 3.57 5l
0.91 5e 9.7¢ 6i 3.28 6j
0.85 5k 9.63 Largazole 3.24 PCI-34051
0.72 60 7.84 50 3.1¢ 5j
0.72 6k 7.55 6k 3.15 69
0.6¢ PCI-34051 6.93 5b 2.94 60
0.65 5b 6.29 5a 2.88 5p
0.59 6n 5.92 5q 2.57 5g
0.5¢ 5a 5.6 6j 2.4¢€ 11s
0.58 11r 5.08 T247 2.36 6m
0.5C 5l 4.92 11r 2.3¢€ 5h
0.48 5r 4.84 5m 1.97 5r
0.44 6j 4.64 5j 1.86 5a
0.44 11s 4.0¢ 69 1.8t 5n
0.37 4 3.78 6m 1.25 6s
3.41 11s 1.24 59
3.06 5r 1.10 5m
3.0 13s 1.0¢ Largazole
2.3C 6s 1.01 6r
2.26 Tubastatin A 0.86 6i
1.92 13r 0.82 6p
1.92 5n
1.5¢ 6r

®Global Isoform Selectivity Index (GISIndex): is tagerage value of all the partial selectivity
indexes when considering a certain hKDAC isoforee(Supplementary materibable S7).



Among these 9 compounds, even with a polar or @hR) group (cysteine or arginine) had the
highest hKDAC3 inhibition potency (aéh and 6g showing 1Gy = 180 nM and 220 nM
respectively), the presence of a hydrophobic, omatic amino acid still guaranteed a decent
activity (e.g.5l or 6n which are characterized by a phenylalanine orttpipan, showed I§g=
490 nM and 1.01 pM respectively), suggesting a hilglygree of active-site flexibility by
hKDACS3. Conversely, the discriminatory effect ofetllifferent R groups was dramatically
higher when considering hKDAC1 and hKDAC6 among teries of 9 compounds. In fact, the
hKDAC1 inhibitor potencies drastically decrease wlaepolar amino acid (like a cysteine or
arginine characterizin§h and6q respectively) was replaced with a hydrophobic @&ucine

as in5d), even more if an aromatic ring was present (plaayine or tryptophan ibl and6én
respectively). Interestinglp (characterized by a lysine af)Rvas a weaker hKDACL1 inhibitor
compared to6g (an arginine derivative), thus suggesting the pasieffect of having a
guanidinium group (as ifq respect that one ip). Conversely, hKDACG6 inhibition was not
much affected with bulky groups present at @yptophan or phenylalanine i&n and 5l
respectively). Lastly, the weak hKDACS inhibitioroi this series of 9 compounds suggests a
lack of specific chemical interactions for enzyméibition; a decrease of inhibition effect is
observed when considering a short and polar angitbgroup (cysteine iBh, ICso= 8.11 uM)
was replaced by a longer and charged/polar ones(.end6p, characterized by an arginine or

lysine, respectively with both showing ans¢G30 pM).



Two compoundstk and11r, were more selective towards hKDACBaple 4), while 5k having
similar GISIndexes values for hKDAC3 and 6 (13.1dd al1.02, respectively) cannot be
considered as selective. Interestindly, 11r and5k all featured an amide group characterizing
the cap portion, suggesting a potential role of thibiety when targeting hKDAC6 selectivity.
To further clarify the discriminatory BZDs-hKDACsateraction as well as those necessary for

inhibition potency, molecular modeling studies wpegformed.

Molecular Modeling

To rationalize the biochemical results and the asuof selectivity, a comparative structure
analysis was performed among the 4 selected hKD#dloims also used as targets for
molecular docking of the synthesized 104 BZD ddéwes (Tables 1 and 2, Supplementary
material Tables S3-$4) as well as standard compounds (positive contibihle 3). Crystal
structures of hLKDAC1, hKDAC3, and hKDACS8 (PDB codH3KX, 4A69, 3RQD, respectively)
were prepared as previously reported [45], whillKBAC6 homology model was derived and

refined with molecular dynamics simulation.

hKDACG6 model generation

The homology model (a hKDAC6-SAHA complex) was gated and subsequently submitted
to MD simulation for 95 ns to study the proteintsustural flexibility and to obtain a refined

model to be used during docking studies (see Mtdeddodeling section in Supplementary
material). SAHA was included in the active site idgr model generation, due to its high
inhibitory activity against the hKDAC6 (Kz= 1.4 nM, Table 3) and to prevent collapse of the
active site, thus providing a reasonable modekstire to be used for future docking. Multiple

crystallographic structures of human and zebrdfiBIAC6 catalytic domains (hCD1 and hCD2,



and zCD1 and zCD2, respectively), released [46wh8n our study was completed, provided a
template for validation of our hKDAC6 homology mbdsee Supplementary materiigure
S3). By superimposing our KDAC6 homology model wittetrelative X-ray protein structure
(PDB code: 5EDU) [46] an RMSD of 1.05A was detectedggesting a general good
approximation of the predicted model's backbone. éspected, major conformational
differences were detected for residues charaatgrian important loop for molecular recognition
of ligands endowed with high conformational varigypi(see Supplementary materiglgure
S3C), as a reasonable result of the different bougankl (SAHA in the homology model and
TSA in the X-ray complex), and experimentally suped by the different bioactivity of the two

hydroxamic acid derivatives (27-fold 4¢difference, se& able 3).
hKDACs1, 3, 6 and 8 structural comparison.

By superimposing the four hKDAC isoforms (1, 3, ®&da8, Figure 3A), one can highlight
sequence conservation percentages, i.e., for taoseo acid portions (close to the active site)
characterized by the highest variability and inealvin enzyme selectivityF{gure 3B). Five
sequences (1 to Figure 3C; see Supplementary materiglgure S4) were selected and

comparedFigure 4).

Sequence 1. The characterizing loog=(gur e 4, Supplementary materi&igure $4) has a similar

residue sequence when hKDAC1 and 3 are consid&ie@§-Gly27-His28-Pro29-Met30-Lys31
versus Ala20-Gly21-His22-Pro23-Met24-Lys25, respety), while more differences were
detected in hKDAC6 (Ser498-His499-His500-Pro501586Rk+Val503). The highest
dissimilarities are detected when considering hKBA¢haracterized by lysine (Lys33) and
isoleucine (lle34) residues, recognized to causdocmational distortion of the binding pocket

[48], thus suggesting a role of this sequence ay®e adaptation.



Sequence 2. Located next to Sequence Eidure 3C), this characterizing loopF{gure 4,
Supplementary materi&igure S4) has a different primary sequence when considghiegour
hKDAC isoforms. hKDAC1, 3 and 8 have the most samé&mino acid sequence, Gly-X-Asp-
Cys, where X is a non-conserved residue represdmfed glutamate, aspartate and tyrosine
(Glu98, Asp92 and Tyr100), respectively. This diéfece should affect the hKDACS selectivity
with respect to the other two isoforms, due to ghér dissimilarity of a tyrosine residue with
respect to a glutamate or aspartate. hLKDAC6 shokigreer number of non-conserved residues,

thus suggesting a different behavior when binditigand.

Sequence 3. Located in an inner part of the active sieglre 4, Supplementary materi&igure

$4), below the zinc ion, this sequence is charaadriby a conserved leucine residue in
hKDAC1 and 3 (Leul39 and Leul33, respectively); l&ktiKDAC6 is characterized by a
glycine (Gly609), suggesting recognition of bulkgmoups, as a consequence of a decreased
steric hindrance. Conversely, the presence of kybmyptophan (Trp141) in hKDACS hinders

access to this portion of the active site channel.



Sequence
conservation

) 3 o) 2V A

Figure 3. Superimposed hKDAC1 (PDB 4BKX), hKDAC3 (PDB 4A6%KDAC6 (homology
model) and hKDAC8 (PDB 3RQD). The zinc ion is dépitas grey ball. A: hKDACL1 (grey
colored), 3 (green colored), 6 (magenta colored) &rfcyan colored); B: hKDAC1, 3, 6 and 8
color-coded according to the percentage of condemsidues (gradient color from blue: 25% to
yellow: 100%), are depicted as ribbons (left sideyl surfaces (right side), respectively. C:
highlighted sequences (1 to 5) with lowest resiclugservation in the proximity of the active site
(see Supplementary materi&idure $4) for relative sequences).

Sequence 4. By analyzing this characterizing loop among thaerfdifferent enzyme isoforms

(Figure 4, Supplementary materi&igure $4), a pair of phenylalanine residues is conserved in



hKDACs 3, 6 and 8 (Phel99 and Phe200; Phe679 areb8Bh Phe207 and Phe208,
respectively); on the contrary, in hKDAC1 one pHafanine is replaced by a tyrosine residue
(Tyr204). It seems reasonable that the Phe-PhehefTr pairs interact with the linker-cap
portions of a hKDAC inhibitor, thus contributing tstabilizing a compound mainly by
hydrophobic/steric interactions in the linker orpceegions. The presence of a Tyr204 in
hKDAC1 suggests a tendency of hKDAC1 to welcomeaaenelectrostatic interaction (i.e. H-
bonds) with respect to the other 3 KDACs. When m@g1g the other residues of sequence 4:
starting from those adjacent to the Phe-Phe orTBheair, a proline (Pro206, Pro201, Pro681
and Pro209, in hKDAC 1, 3, 6 and 8 respectivelytasserved, while a glutamate (Glu203),
threonine (Thr203), threonine (Thr678) and a glgdi@ly206) characterize the four isoforms (1,
3, 6 and 8 respectively), suggesting a role of géhessidues in ligand-protein recognition.
Differences among other side chains in the loopastarizing this sequence could play a role
for conformational adaptation when interacting vathgand. Another peculiarity of hKDACG is
the higher number of residues due to an insertoonpared to the other isoforms (compare with
Supplementary materiddigure $4), thus suggesting further flexibility of the adcisite when

binding a ligand.

Sequence 5. The characterizing side chains of this segmEigufe 4) do not necessarily point
towards the active site, but are potentially ineahas the size of the ligand increases. The loop
is composed by a conserved residue sequence (ArgsleCys-Phe) in hKDAC1 and 3, while
Pro-Leu-Gly-Gly-Cys in hKDAC6, and Pro-Met-Cys-Sehe in hKDAC8 occur (see
Supplementary materi&ligure $4), thus reflecting a different contribution of cgad and polar

side chains which could determine ligand selegtivit
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Figure 4. Side chain view of lower conserved sequences dtosiee active site (1 to bjigure
3C): hKDAC1 (grey), 3 (green), 6 (magenta) and 8 fgydhe zinc ion is depicted as grey ball.




Molecular Docking

To rationalize the structure activity relationshgp the synthesized 104 BZD derivatives,
molecular docking calculations were applied usimg four hKDAC isoforms (1, 3, 6 and 8) as

target structures.

Docking Assessment. As previously reported [45], a comprehensive dogkassessment study
has been performed by us (using all the co-cryst®dAC structures available at the time) to
detect the most reliable docking protocol when gdilme mammalian lysine deacetylates as
target. As suggested by the docking assessmerntsr¢$b], Surflex-Dock [49] was selected to
predict the binding poses of the benzodiazepinepoamds when the best-docked (BD) [45]
poses were considered. A further validation has h@erformed assuming that every active
BZD-hKDACI must interact with the zinc ion (thusvmag the zinc binding group close to the
catalytic ion), conversely for the non-active compds. Thus, all the best-docked poses
obtained from docking the BZD derivativeBaples 1 and2) were analyzed by correlating the
distances between the closest inhibitor’s zinc-bigdyroup (ZBG) atom and the zinc ion with
the relative biological responseBidure 5). As depicted inFigure 5, the docking protocol
discriminates the active compounds from the noivaanes among the four enzyme isoforms.
In fact, all of the most active BZDs (showing lowe&s, (LM) values) were predicted with the
zinc-binding group close to the zinc ionZ A). While for the least active ones (charactiby
higher 1Go (LM) or lower inhibition percentage values), the closidtibitor's atom was
progressively farther from the catalytic zinc. Tdi@ta further confirmed the reliability of the
adopted protocol, and the absence of any predietisd negative when considering the BZD
derivatives (no BD poses of compounds with an apabée inhibitory capability were predicted

with the ZBG far from the zinc ion).
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relative biological responses (x axes).



In the case of the hydroxamic acid derivatives,di@racteristic bidentate chelation with the zinc
ion was generally missed by the docking predicti(see below), as a consequence (from our
point of view) of limited protein flexibility and yhamics during the docking simulation, and

further magnified by the presence of the large bdi@zepine capping group.

Binding Mode Analysis. As reported above, BZD compoufid showed, towards hKDAC1, 3, 6,
but not 8, the maximum inhibitory potency among 104 tested BZDs. Thus, the best docked
(BD) [45] poses Kigure 6) from each enzyme isoform were investigated toectethose
interactions predicted to be necessary for prateaognition when a BZD was present. Beside
the importance of a hydroxamic moiety as zinc gdgroup, a common interaction, between
the hydrogen of a zinc-coordinated histidine (His1d hKDAC1, His172 in hKDAC3, His651

in hKDACG6 and His180 in hKDACS8) and the 2-oxo groofthe BZD scaffold was generally
detected Figure 6), and judged relevant for the inhibitor potencyg @ consequence, a certain
length of the linker group (4 carbon atoms gengrglve the best results) was necessary to
establish a correct 2-oxo group/histidine H-bongkriaction. The low selectivity ddh among
hKDAC1, 3, 6 suggests that the benzodiazepine meigh a short R group (i.e. a cysteine as
pendant amino acid), is indiscriminately well adegpby these series of enzymes and capable to
establish a packed network of steric/hydrophohteractions (mostly with hKDAC3), and steric
ones as in hKDAC1 (with Phe205), and hKDACG6 (witlh'48) (sed-igure 6). On the contrary,

6h showed low inhibition potency against hKDACS: byabszing its docked pose, no particular
electrostatic interactions as well as hydrophobiesowere detected, when compared with the
other enzyme isoforms. As reported ab6geshowed a similar potency, comparedky against
hKDAC3 and its docked posmiggests the establishment of an H-bond interatt@ween its

pendant amino acid in ;R(arginine) and the backbone carbonyl oxygen of1%8r Since



molecular docking is generally performed using &edi protein conformation, a direct
involvement of the Tyrl198 hydroxyl group is pladsibwith a consequent conformational
rearrangement of the characterizing loop (seesdgaence 4 ifigure 4). Conversely agh, 6q
showed a lower potency against hKDAC1.: the predickecked pose shows an opposite binding
conformation oféq with respect to6h (compareFigure 7 with Figure 6), while an H-bond
interaction between the arginine pendant amino i&cik{ and the backbone’s carbonyl group of
Glu203 was detectedFigure 7). Similarly as reported for hKDACS3, a direct invelment of the
Glu203 carboxylate group with a consequent remndetif the loop (see also sequence 4 in
Figure 4) is not excluded. The binding pose @f in hKDAC6 is quite similar to the one
predicted foréh only when considering the benzodiazepine ringJevits pendant amine group
(arginine) interacts with the backbone’s carbonyup of a threonine (Thr67&igure 7; see
also sequence 4 iRigure 4). 6h (compareFigure 6 and8) suggests a detrimental effect of
having positive charged groups interacting with useqe 4 Figure 4). When considering
hKDACS, the predicted conformation of the benzodmne moiety characterizingy overlaps
that from6h, while its arginine guanidinium group interactsiwihebackbone’s carbonyl group
of Gly206; this result suggests as anticipated wdwnparing the different enzyme isoforms (see
hKDACs 1, 3, 6 and 8 structures comparisons), thlesr of Glu203 (hKDAC1), Tyr198
(hKDAC3), Thr678 (hKDAC6) and Gly206 (hKDACS) ingland/protein recognition. Binding
mode analysis for those BZDs having the best seigcby analyzing the GISIndexT@ble 4),
was also performed. Among the first series of caumgig showing the highest GISIndex towards
hKDACS3 (69, 5d, 5f, 5h, 6p, 6h, 5p, 51 and6én, see Isoform Selectivity paragrgpthe first five
compound’s docked poses were further investigdtegli(e 8, 6g was already analyzed above).

5d, 5f, 5h are all characterized by hydrophobic pendant andoims in R (a leucine, a



methionine and &ert-butyl cysteine, respectively), whiBp has a charged side chain (lysine).
Docking calculations predicted all of this composinasbund similarly to hKDAC3 with the
different amino acids substituents placed in aaedbetween Phel99, and Leu26&gure 8)
which accepted, preferably, hydrophobic moietigssHould be remarked that an H-bond
interaction with Tyr198 seems to guarantee thedsghKDACS3 potency and selectivity (as the
case of6q). The other series of compound®,( 11r), with a detectable selectivity against
hKDACS6, are showed ifrigure 9 together with5k (which conversely has a poor selectivity
between hKDAC3 and 6T able 4). 6k and 11r are N1, C3-substituted and C3-substituted
derivatives, respectively, and characterized bynala biological activity against hKDACS.
Their docked posesFi{gure 9) suggest that the benzodiazepine scaffold eshadis
hydrophobic/aromatic interactions with Phe566, GB6Phe620 and Leu749, while maintaining
an H-bond interaction between the 2-oxo group arsb%1. These interactions appear required
for a decent inhibitory activity (in fact the prese of a glutamine as Bk doesn’t dramatically
affect the biological responsé&k (an N1, C3-subtituted BZD) which differs for theepence of

a —(CH).-CO-NH-Trt as group in Rshows a similar inhibition potency towards hKDA&Rd

6, confirming the capability for hKDAC6 to accepulkier moieties. The presence of the
Arg673, Asp675 and Arg709 in hKDAC6 (sé&& in Figure 9) could increase the inhibitor
selectivity between hKDAC3 and hKDAC6. The most ortgant evidence collected by
correlating the BZD chemical structures with theldgical responses by molecular modeling are
summarized in a pharmacophore scherhRggufe 10) as a useful starting point for the

development of a next generation of BZD derivati@ehKDACIs.
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—CO-NH-OH as ZBG guarantees a general T inhibition potency
compared to -COOMe and -COOH

A linker with 4 carbon atoms is preferable;
hKDAC3 and 6 still accept 6- or 7-atom linkers
An H-bond acceptor group (i.e. 2-oxo group)
can establish H-bond with a catalytic histidine residue

Pendant hydrophobic/aromatic amino acids effect:
hKDACI, 3:,1, activity; hKDACS: 1‘ activity

I
N 4 Pendant polar amino acid effect:
hKDACI, 3:4 activity

Pendant positive charged amino acids effect:

IH—B—
hKDACS3: Tactivity; hKDACS: i. activity
—N
Pendant short aliphatic/polar amino acids:
o hKDACS: Tactivity
N1, C3 substitution guarantees
a general 'T‘ potency. Amide group:

C3-substitution is more penalized hKDACS: 1‘ selectivity
towards hKDACS )

the L configuration at C3 (C3-substituted BZDs):

Tinhibition potency on hKDAC]1 and 6;
&inhibition potency on hKDAC3

Figure 10. SAR of benzodiazepine derivatives.

CONCLUSIONS

A new class of benzodiazepine derivatives has designed, synthesized and evaluated for their
KDAC isozyme inhibition. Some of the compounds shdwlass | KDAC selectivity in the
inhibition assay against four hKDAC isoforms. Inrpaular, top inhibitor potency (in the mid-
nanomolar range) and a promising selectivity wdraioed against the hKDAC3 isoform, thus
suggesting the benzodiazepine moiety as an integelstad scaffold for further development to
obtain highly potent and selective KDACIis. To ratatize the ligand-protein interaction and the
impact of the different chemical groups on the dgatal activity, molecular docking studies

were performed by analyzing the best docked pasethé four enzyme isoforms; a homology



model of hKDACG6 was developed and refined by mdkcdynamics simulation, thus providing

a reliable structure to use for the docking experita. Structural comparison with a recently
released hKDACG6 co-crystal structure (PDB code: BEEonfirmed the goodness of the derived
homology model. SAR studies, together with the jpted docked poses, allowed rationalization
of a BZD-pharmacophore useful for the next develeptmof more potent and selective

benzodiazepine derivatives as selective hKDAC iibdiib.
EXPERIMENTAL SECTION

General Information. Starting materials, reagents, and solvents werechpsed from
commercial vendors unless otherwise noféttNMR spectra were recorded on a Varian 400
MHz NMR instrument. The chemical shifts were repdriasé ppm relative to TMS using
residual solvent peak as the reference unlessvadeenoted. The following abbreviations were
used to express the multiplicities: s = singlet; doublet; t = triplet; g = quartet; m = multiplet;
br = broad. High-performance liquid chromatografH{?LC) was carried out on GILSON GX-
281 using Waters C18uM, 4.6*50mm and Waters Prep C18MN6, 19*150mm reverse phase
columns, eluted with a gradient system of 5:9553% &cetonitrile: water with a buffer consisting
of 0.05% TFA. Purity assessment and mass spect®) (Mta were obtained using a Hewlett-
Packard HPLC/MSD using electrospray ionization (Ef8lr detection. All reactions were
monitored by thin layer chromatography (TLC) catraut on Analtech silica gel F plates coated
on PE sheets (W/UV254), visualized by using UV (254) or dyes such as ninhydrin, KMpO
p-anisaldehyde. The yields shown are not optimiEash column chromatography was carried
out using 230-400 mesh Selecto Scientific silick 4# compounds used for biological assays
are greater than 95% purity based on HPLC by UVodiasice at 210 nm and 254 nm

wavelengths.



Chemistry
General Procedure (A) for the Synthesis of Cyclized Benzodiazepines (BZDs) (2a-2u)

To a stirred solution of BOC/ Fmoc amino acié-(u) (1.5 mmol) in THF (15 mL) at -2€C,
NMM (2.25 mmol) and ethylchloroformate (1.5 mmol@¢re added and the reaction mixture was
stirred at -20°C for 15 min. Later, to this 2-aminobenzophenons (@mol), NMM (2.25 mmol)
were added and stirred at rt for 1-12h. The THF weasovedn vacuo and the reaction mixture
was diluted with ethyl acetate (30 mL) and washét Wrine (30 mL), dried (N&O,), filtered
and concentrated under reduced pressure. The praodact (with BOC/ Fmoc) was used in the

next step without further purification.

BOC-Deprotection: To a stirred solution of compounds with BOC gran®CM (10 mL) at 0
°C was added TFA (2 mL) and the reaction mixture stased at rt for 4-6h. Later, the DCM
and TFA were removed under reduced pressure anctile product was used in the next step

without further purification.

Fmoc-Deprotection: To a stirred solution of compounds with Fmoc graupCM (10 mL) at rt
was added piperidine (2 mL) and the reaction mextwas stirred at rt for 0.5-1h. Later, the
DCM and piperidine were removed under reduced presand the crude product was used in

the next step without further purification.

Thereatfter, to the resulting BOC/ Fmoc cleaved erpcbduct, ammonium acetate (9.68 mmol)
and AcOH (66.73 mmol) were added and the reactiotiune was stirred at rt overnight and
then concentrated under reduced pressure to a#foradil. The crude reaction mixture was
dissolved in ethyl acetate (30 mL) and washed wé#turated NaHC®) water (3x40 mL). The

organic layer was dried over p&0O, and filtered. After concentration of the solvethie crude



product was purified by flash column chromatograplsing 30-50% EtOAc in hexane

(Supplementary material S2).

General Procedure (B) for the Synthesis of N-alkylated BZDs (3a-3s)

Cyclized BZD @a-2s) (1.27 mmol) with NaH (2.54 mmol) were stirredMF (10 mL) for 1-
1.5h under nitrogen. Methyl-5-bromovalerate (1.9 ofjnwas added to the reaction mixture,
which was stirred for overnight at rt. The DMF wasnovedin vacuo and the reaction mixture
was diluted with ethyl acetate (30 mL) and washét Wrine (30 mL), dried (N&Oy), filtered
and concentrated under reduced pressure. The gmailict was purified by flash column

chromatography using 30-50% EtOAc in hexane (Supelgary material S2).

General Procedure (C) for the Synthesis of BZD Acids (4a-4q)

To a stirred solution of BZD esteBg-3q) (0.09 mmol) in MeOH (2 mL) was added 1M KOH
aqueous solution (to get pH ~9) and stirred abrrtl2h. Later, the MeOH was removiedvacuo
and the pH was adjusted to 4 with 6N HCI aqueolre feaction mixture was extracted with
EtOAc (3x30 mL), dried (N&Oy), filtered and concentrated under reduced pressuobtain
the BZD acid 4a-4q), which was used in the next step without furthmirification

(Supplementary material S2).

General Procedure (D) for the Synthesis of BZD Acids 4r and 4s

To a stirred solution of BZD esteBr( or 3s) (0.54 mmol) in MeOH/ water (9 : 1) was added
LiOH (0.81 mmol) and stirred at rt for 12h. Latdre MeOH was removeith vacuo and the pH
was adjusted to 4 with 1N HCI aqueous. The reaatiotiure was extracted with EtOAc (3x30
mL), dried (NaSQy), filtered and concentrated under reduced presdire crude product was

purified by flash column chromatography using 1-18O0H in DCM to afford the pure BZD



acid 4r or 4s. Prior to this, the loaded silica in column wasated with 100-200 mL of 0.1%

TEA in hexane (Supplementary material S2).
General Procedure (E) for the Synthesis of BZD Hydroxamic Acids (5a-5s)

To a stirred solution of BZD acidig-4s) (0.12 mmol) in THF (6 mL) at -26C, NMM (0.18
mmol) and ethylchloroformate (0.12 mmol) were addad the reaction mixture was stirred at -
20°C for 15 min. Later, to this N¥DHHCI (0.15 mmol), NMM (0.18 mmol) and few drops of
water were added and stirred at rt for 1-12h. Thé Tvas removedn vacuo and the reaction
mixture was diluted with ethyl acetate (30 mL) amashed with brine (30 mL), dried (b&0y),
filtered and concentrated under reduced pressune. cfude product was purified by flash
column chromatography using 1-12% MeOH in DCM. Ptmthis, the loaded silica in column

was treated with 100-200 mL of 0.1-0.2% TEA in hexa
General Procedure (F) for thetBu, Trt, Pbf and BOC Cleavage on BZD Hydroxamic Acids

The BZD compoundsb(), 5m, 5r, 5s, 5n, 5p, 5j, 5k, 50, and5q) with OtBu, Trt, Pbf and BOC
groups were treated with TFA or TFA with 2.5% TIS #h at rt. Later, the TFA and TIS were
removedin vacuo to obtain the BZD hydroxamic acid8g 6m, 6r, 6s, 6n, 6p, 6], 6k, 60, and

6q) free fromtBu, Trt, Pbf and BOC groups.

1.  N-hydroxy-5-(2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ €] [1,4] diazepin-1-yl)pentanamide

(52)

This BZD hydroxamic aciéa was synthesized by using the general proceBwaploying the
BZD acid4a. (Yield: 64%)'"H NMR CDCk + DMSO-a;: & 1.2-1.76 (m, 4H), 1.98-2.2 (m, 2H),
3.6-3.8 (m, 2H), 4.78 (s, 2H), 7.18-7.63 (m, QHKB(s, 1H). MS (ESI2): found: [M + HT,

352.3, [M + Na, 375.3, [2M + Nal, 725.5 for GgH1N3Os.



2. (S)-N-hydr oxy-5-(3-methyl-2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ €] [ 1,4] diazepin-1-

yl)pentanamide (5b)

This BZD hydroxamic aci®b was synthesized by using the general proceHusmploying the
BZD acid4b. (Yield: 56%)H NMR CDCk + DMSO-d;: & 1.2-1.77 (m, 7H), 1.85-2.05 (m, 2H),
3.57-3.77 (m, 2H), 4.2-4.4 (m, 1H), 7.17-7.6 (m,)9818 (s, 1H). MS (ESIy/2): found: [M +

H]", 366.3, [M + Na], 388.3, [2M + Nal, 753.6 for GiH23N30s.

3. (S)-N-hydroxy-5-(3-isopropyl-2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ €] [ 1,4] diazepin-1-

yl)pentanamide (5c)

This BZD hydroxamic aciéc was synthesized by using the general proceBweploying the
BZD acid4c. (Yield: 73%)*H NMR CDCh: § 0.8-1.18 (m, 6H), 1.2-1.8 (m, 4H), 1.81-2.02 (m,
1H), 2.7-2.84 (m, 2H), 3.5-3.65 (m, 2H), 4.2-4.4, (b)), 7.18-7.62 (m, 9H), 8.95 (s, 1H). MS

(ESI,m/z): found: [M + H[, 394.4, [M + Na], 416.4, [2M + Nal, 809.7 for GaHz7N4Os.

4. (S)-N-hydroxy-5-(3-isobutyl-2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ €][ 1,4] diazepin-1-

yl)pentanamide (5d)

This BZD hydroxamic aciéd was synthesized by using the general proceBwmploying the
BZD acid4d. (Yield: 66%)*H NMR CDCk + DMSO-d;: & 0.65-1.03 (m, 6H), 1.2-1.78 (m, 3H),
1.8-2.03 (m, 4H), 2.18-2.38 (m, 2H), 3.56-3.7 (H).24.2-4.4 (m, 1H), 7.18-7.62 (m, 9H), 8.85
(s, 1H). MS (ESI,m/2): found: [M + H[, 408.4, [M + Nal, 431.4, [2M + Nal, 837.7 for

C24H29N30s.

5. 5-((9)-3-((R)-sec-butyl)-2-oxo0-5-phenyl-2,3-dihydr o-1H-benzo[ €][ 1,4] diazepin-1-yl)-N-

hydroxypentanamide (5€)



This BZD hydroxamic aci®e was synthesized by using the general proceBweploying the
BZD acid4e. (Yield: 48%)*H NMR CDCk + DMSO-d;: § 0.78-.99 (m, 6H), 1.02-1.5 (m, 4H),
1.56-1.79 (m, 2H), 1.81-2.02 (m, 1H), 2.5-2.65 @H), 3.5-3.7 (m, 2H), 4.2-4.3 (m, 1H), 7.18-
7.6 (m, 9H), 9.1 (s, 1H). MS (ESty2): found: [M + HJ, 408.4, [M + Nal, 430.4, [2M + Nal,

837.7 for G4H29N30s.

6. (S)-N-hydr oxy-5-(3-(2-(methylthio)ethyl)-2-oxo-5-phenyl-2,3-dihydr o-1H-

benzo[€e][1,4]diazepin-1-yl)pentanamide (5f)

This BZD hydroxamic aci®f was synthesized by using the general proceBueeploying the
BZD acid 4f. (Yield: 47%)'H NMR CDCk + DMSO-d;: & 1.2-1.7 (m, 4H), 2.05 (s, 3H), 2.28-
2.58 (m, 4H), 2.6-2.8 (m, 2H), 3.57-3.8 (m, 2H)2-4.4 (m, 1H), 7.18-7.62 (m, 9H), 8.65 (s,
1H). MS (ESI,m2): found: [M + HJ, 426.4, [M + Naj, 448.4, [2M + Nal, 873.7 for

Ca3H27N30sS.

7. (9)-5-(3-(tert-butoxymethyl)-2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ €] [ 1,4] diazepin-1-yl)-

N-hydroxypentanamide (5g)

This BZD hydroxamic aciég was synthesized by using the general proceBwaploying the
BZD acid4g. (Yield: 92%)'H NMR CDCk +DMSO-d: & 1.25 (s, 9H), 1.38-1.7 (m, 4H), 1.9-
2.1 (m, 2H), 3.57--3.8 (m, 2H), 3.98-4.04 (m, 2#R5-4.42 (m, 1H), 7.18-7.6 (m, 9H), 8.76 (s,

1H). MS (ESI,m/2): found: [M + HJ', 438.4, [M + Na], 460.5 for GsHaiN3Ox.

8. (9)-5-(3-((tert-butylthio)methyl)-2-oxo-5-phenyl-2,3-dihydro-1H-benzo[ €][ 1,4]diazepin-1-

yl)-N-hydr oxypentanamide (5h)

This BZD hydroxamic aciéh was synthesized by using the general proceBwrmploying the

BZD acid4h. (Yield: 70%)'H NMR CDCk + DMSO-d;: § 1.1-1.58 (m, 13H), 1.9-2.02 (m, 2H),



3.3-3.45 (m, 2H), 3.5-3.78 (m, 2H), 4.25-4.4 (m)1A18-7.62 (m, 9H), 8.9 (s, 1H). MS (ESI,

m/2): found: [M + HT', 454.4, [M + Nal, 476.4 for GsHaiN30sS.

9. 5-((9)-3-((R)-1-(benzyloxy)ethyl)-2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ €][ 1,4] diazepin-

1-yl)-N-hydr oxypentanamide (5i)

This BZD hydroxamic aci®i was synthesized by using the general proceBueeploying the
BZD acid4i. (Yield: 54%)'H NMR CDCk + DMSO-d;: & 1.3-1.73 (m, 7H), 1.8-2.1 (m, 2H),
3.5-3.65 (m, 2H), 4.2-4.4 (m, 1H), 4.57-4.95 (m,)3A.18-7.62 (m, 14H), 8.65 (s, 1H). MS

(ESI,mV2): found: [M + HT, 486.4, [M + NaJ, 509.4 for GgH3:N30,.

10. (S)-N-hydr oxy-5-(2-0x0-3-(2-oxo-2-(tritylamino)ethyl)-5-phenyl-2,3-dihydr o-1H-

benzo[€e][1,4]diazepin-1-yl)pentanamide (5j)

This BZD hydroxamic aci®j was synthesized by using the general proceBweploying the
BZD acid4j. (Yield: 60%)'H NMR CDCk + DMSO-d;: & 0.8-1.6 (m, 4H), 1.9-2.03 (m, 2H),
3.05-3.24 (m, 2H), 3.6-3.8 (m, 2H), 4.2-4.4 (m, 1AN7-7.8 (m, 26H), 9.6 (s, 1H). MS (ESI,

m/z): found: [M + H]+, 651.5, [M + Na], 674.5 for GiH3gN404.

11. (S)-N-hydr oxy-5-(2-0x0-3-(3-ox0-3-(tritylamino) pr opyl)-5-phenyl-2,3-dihydro-1H-

benzo[€e][1,4]diazepin-1-yl)pentanamide (5k)

This BZD hydroxamic aci®k was synthesized by using the general proceHusmploying the
BZD acid4k. (Yield: 76%)'H NMR CDCk + DMSO-d;:  0.8-1.7 (m, 4H), 1.9-2.1 (m, 2H),
2.4-2.62 (m, 4H), 3.6-3.78 (m, 2H), 4.2-4.4 (m, 1B)8-7.6 (m, 24H), 8.82 (s, 1H). MS (ESI,

m/2): found: [M + HT’, 665.8, [M + NaJ, 687.8 for GoHoN4O..



12. (S)-5-(3-benzyl-2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ €] [ 1,4] diazepin-1-yl)-N-

hydroxypentanamide (5I)

This BZD hydroxamic aci®l was synthesized by using the general proceBueeploying the
BZD acid4l. (Yield: 54%)'H NMR CDCk + DMSO-d;: & 1.2-1.7 (m, 4H), 1.98-2.1 (m, 2H),
3.5-3.8 (m, 4H), 4.3-4.4 (m, 1H), 7.1-7.6 (m, 148)5 (s, 1H). MS (ESInz): found: [M +

H]*, 442.4, [M + Nal, 464.4 for G/Hy7N30s.

13. (9)-5-(3-(4-(tert-butoxy)benzyl)-2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ €] [ 1,4] diazepin-

1-yl)-N-hydr oxypentanamide (5m)

This BZD hydroxamic aci®&m was synthesized by using the general proceBemploying the
BZD acid4m. (Yield: 76%)'"H NMR CDCk + DMSO-a: § 1.3 (s, 9H), 1.4-1.7 (m, 4H), 1.97-
2.1 (m, 2H), 3.5-3.8 (m, 4H), 4.3-4.42 (m, 1H),&:RB6 (m, 13H), 8.7 (s, 1H). MS (ESty2):

found: [M + H:r, 514.5 for GiHasN30;.

14. tert-butyl (9)-2-((1-(5-(hydroxyamino)-5-oxopentyl)-2-oxo-5-phenyl-2,3-dihydro-1H-

benzo[e][1,4]diazepin-3-yl)methyl)-1H-indole-1-car boxylate (5n)

This BZD hydroxamic acién was synthesized by using the general proceBwrmploying the
BZD acid4n. (Yield: 88%)'H NMR CDCk + DMSO-a;: § 0.8-1.0 (m, 2H), 1.2-1.8 (m, 11H),
1.97-2.1 (m, 2H), 3.57-3.87 (m, 4H), 4.25-4.4 (A)),17.1-7.65 (m, 13H), 8.1 (s, 1H), 8.82 (s,

1H). MS (ESI,m2): found: [M + HJ', 581.5, [M + Nal, 604.5 for GsHssN4Os.

15. (S)-N-hydroxy-5-(2-oxo-5-phenyl-3-((1-trityl-1H-imidazol-5-yl)methyl)-2,3-dihydr o-1H-

benzo[e][1,4]diazepin-1-yl)pentanamide (50)



This BZD hydroxamic aci®o was synthesized by using the general proceBwmploying the
BZD acid 4o. (Yield: 38%)*H NMR CDCk + DMSO-d;: & 1.1-1.6 (m, 4H), 1.8-2.0 (m, 2H),
3.0-3.58 (m, 2H), 3.6-3.99 (m, 2H), 4.18-4.3 (m,)1617-7.6 (m, 26H). MS (EShV2): found:

[M + H]+, 674.5, [M + Na], 696.5 for GsH3gN50s.

16. tert-butyl (S)-(4-(1-(5-(hydroxyamino)-5-oxopentyl)-2-oxo-5-phenyl-2,3-dihydro-1H-

benzo[e][1,4]diazepin-3-yl)butyl)car bamate (5p)

This BZD hydroxamic aciép was synthesized by using the general proceBwrmploying the
BZD acid4p. (Yield: 70%)*H NMR CDCk + DMSO-@;: § 0.8-1.8 (m, 17H), 1.9-2.3 (m, 4H),
3.05-3.23 (m, 2H), 3.4-3.7 (m, 2H), 4.2-4.28 (m,)1A.62 (s, 1H), 7.18-7.6 (m, 9H), 9.15 (s,

1H). MS (ESImz2): found: [M + HJ, 523.7, [M + Nal, 545.5 for GoHaaN4Os.

17. (S)-N-hydr oxy-5-(2-0x0-3-(3-(3-((2,2,4,6,7-pentamethyl-2,3-dihydr obenzofur an-5-
yl)sulfonyl)guanidino)pr opyl)-5-phenyl-2,3-dihydr o-1H-benzo[ €] [ 1,4] diazepin-1-

yl)pentanamide (5q)

This BZD hydroxamic aci®éq was synthesized by using the general proceHusmploying the
BZD acid4q. (Yield: 47%)*H NMR CDCk;: § 0.8-0.99 (m, 2H), 1.2-1.4 (m, 2H), 1.42 (s, 6H),
1.5-1.9 (m, 4H), 2.05 (s, 3H), 2.1-2.38 (m, 4HB Bs, 3H), 2.58 (s, 3H), 2.96 (s, 2H), 3.2-3.4
(m, 2H), 3.5-3.8 (m, 2H), 4.2-4.38 (m, 1H), 7.1 Bn, 9H). MS (ESI2): found: [M + HF,

703.8, [M + NaJ, 725.8 for G7H46NeO6S.

18. tert-butyl (S)-2-(1-(5-(hydroxyamino)-5-oxopentyl)-2-oxo-5-phenyl-2,3-dihydro-1H-

benzo[€e][1,4]diazepin-3-yl)acetate (5r)

This BZD hydroxamic aci®r was synthesized by using the general proceBweploying the

BZD acid 4r. (Yield: 71%)*H NMR CDCk + DMSO-d: 61.2-1.8 (m, 13H), 1.9-2.1 (m, 2H),



3.0-3.4 (m, 2H), 3.6-3.78 (M, 2H), 4.2-4.4 (m, 1#}7-7.6 (m, 9H), 8.7 (s, 1H). MS (ES¥2):

found: [M + HJ', 466.4 for GgHz1N30s.

19. tert-butyl (S)-3-(1-(5-(hydroxyamino)-5-oxopentyl)-2-oxo-5-phenyl-2,3-dihydro-1H-

benzo[e][1,4]diazepin-3-yl)propanoate (5)

This BZD hydroxamic acids was synthesized by using the general proceBweploying the
BZD acid4s. (Yield: 40%)*H NMR CDCk + DMSO-d: §1.4-1.7 (m, 13H), 1.98-2.17 (m, 2H),
2.35-2.6 (m, 4H), 3.59-3.75 (m, 2H), 4.3-4.4 (m)1HAH2-7.6 (m, 9H). MS (EShv2): found: [M

+ H]+, 480.4 for G;H33N30s.

20. (S)-N-hydr oxy-5-(3-(hydr oxymethyl)-2-oxo-5-phenyl-2,3-dihydr o-1H-

benzo[€e][1,4]diazepin-1-yl)pentanamide (69)

This BZD hydroxamic aciég was synthesized by using the general proceBwemploying the
BZD compoundsg. (Yield: 86%)H NMR CDCk +DMSO-d;: & 1.2-1.5 (m, 4H), 2.0-2.1 (m,
2H), 3.6--3.8 (m, 2H), 4.1-4.2 (m, 2H), 4.22-4.48, (1H), 7.18-7.63 (m, 9H), 12.2 (s, 1H). MS

(ES|, m/z): found: [M + H]+, 382.4, [M + Na], 404.4 for GiH23N3z04.

21. (S)-N-hydr oxy-5-(3-(mer captomethyl)-2-oxo-5-phenyl-2,3-dihydr o-1H-

benzo[e][1,4]diazepin-1-yl)pentanamide (6h)

Compoundbh (0.03 mmol) and trifluoromethanesulfonic acid (ink) were stirred at rt for 4h.
Later the reaction mixture was quenched on iceeatihcted with ethyl acetate, dried ¢S&y),
filtered and concentrated under reduced pressime ciude product was purified by preparative
RP-HPLC to afford the pure BZD hydoxamétein 10% yield. MS (ESIg2): found: [M + H,

398.3, [M + Na], 420.4 for G1H23N30sS.



22. N-hydr oxy-5-((9)-3-((R)-1-hydr oxyethyl)-2-oxo-5-phenyl-2,3-dihydro-1H-

benzo[€e][1,4]diazepin-1-yl)pentanamide (6i)

To a stirred solution of benzylated BAD (0.035 mmol) in DCM (2 mL) at rt was added excess
of BR:.OEL (0.7 mmol) and EtSH (0.7 mmol). The reaction migtwas stirred at rt for 6h and
purified by preparative RP-HPLC to afford the p&2D 6i in 20% yield.'H NMR CDCk +
DMSO-ds: § 1.2-1.7 (m, 7H), 1.9-2.2 (m, 2H), 3.5-3.8 (m, 24R2-4.42 (m, 1H), 4.58-4.68 (m,

3H), 7.23-7.8 (m, 9H). MS (ESiV2): found: [M + HJ, 396.4 for G,H»sNOx.

23. (9)-5-(3-(2-amino-2-oxoethyl)-2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ €] [ 1,4] diazepin-1-

yl)-N-hydr oxypentanamide (6j)

This BZD hydroxamic aci®j was synthesized by using the general proceHwmploying the
BZD compoundsj. (Yield: 75%)'H NMR CDCk + DMSO-d;: 6 1.2-1.7 (m, 4H), 1.98-2.1 (m,
2H), 3.0-3.3 (m, 2H), 3.65-3.8 (m, 2H), 4.2-4.4 (tHl), 6.03 (m, 2H), 7.0-7.7 (m, 9H). MS (ESI,

m/z): found: [M + H]+, 409.4, [M + Na], 431.3 for GoH24N404.

24. (S)-5-(3-(3-amino-3-oxopropyl)-2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ €][ 1,4] diazepin-1-

yl)-N-hydr oxypentanamide (6k)

This BZD hydroxamic aciék was synthesized by using the general proceHwmploying the
BZD compoundsk. (Yield: 78%)*H NMR CDCk + DMSO-d: § 0.8-1.68 (m, 4H), 2.05-2.2 (m,
2H), 2.38-2.6 (m, 4H), 3.6-3.8 (m, 2H), 4.2-4.4 (bH), 5.7 (s, 2H), 6.45 (s, 2H), 7.0-7.6 (m,

9H). MS (ESI,m2): found: [M + H', 423.4, [M + Na], 445.4 for GsHagN4Oa.

25. (S)-N-hydroxy-5-(3-(4-hydr oxybenzyl)-2-oxo-5-phenyl-2,3-dihydr o-1H-

benzo[€e][1,4]diazepin-1-yl)pentanamide (6m)



This BZD hydroxamic aciém was synthesized by using the general proceBuamploying the
BZD compoundsm. (Yield: 90%)'H NMR CDCk + DMSO-a;: & 1.2-1.4 (m, 4H), 2.2-2.4 (m,
2H), 3.1-3.3 (m, 4H), 4.8-5.0 (m, 1H), 6.7-7.6 (B3H), 12.2 (s, 1H). MS (EShv2): found: [M

+ H]+, 458.4 for G7H>7N304.

26. (9)-5-(3-((1H-indol-2-yl)methyl)-2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ €] [ 1,4] diazepin-

1-yl)-N-hydr oxypentanamide (6n)

This BZD hydroxamic acién was synthesized by using the general proceHwmploying the
BZD compoundn. (Yield: 60%)*H NMR CDCk + DMSO-d: § 1.18-1.6 (m, 4H), 1.9-2.04 (m,
2H), 3.58-3.8 (m, 4H), 4.25-4.4 (m, 1H), 6.97-7(62 14H), 9.97 (s, 1H). MS (ESty¥2): found:

[M + H]*, 481.4, [M + Nal, 503.4 for GgH2gN4Os.

27. (9)-5-(3-((1H-imidazol-5-yl)methyl)-2-oxo-5-phenyl-2,3-dihydr o-1H-

benzo[€e][1,4]diazepin-1-yl)-N-hydr oxypentanamide (60)

This BZD hydroxamic aci@o was synthesized by using the general proceBwemploying the
BZD compoundso. (Yield: 56%)'H NMR CDCk + DMSO-d;: & 1.15-1.6 (m, 4H), 1.85-2.0 (m,
2H), 3.05-3.6 (m, 2H), 3.61-3.98 (m, 2H), 4.2-4m, (LH), 7.05-7.83 (m, 11H), 8.65 (s, 1H),

10.2 (s, 1H). MS (EShvz): found: [M + HJ, 432.4, [M + Nal, 454.4 for G4H25N:Os.

28.  (9)-5-(3-(4-aminobutyl)-2-oxo-5-phenyl-2,3-dihydro-1H-benzo[ €][ 1,4]diazepin-1-yl)-N-

hydr oxypentanamide (6p)

This BZD hydroxamic aciép was synthesized by using the general proceBwemploying the
BZD compoundsp. (Yield: 85%)'H NMR CDCk + DMSO-a@;: § 1.2-1.8 (m, 8H), 2.0-2.2 (m,

2H), 2.3-2.4 (m, 2H), 3.05-3.2 (m, 2H), 3.4-3.58, @Hl), 3.8-4.1 (m, 1H), 7.18-7.63 (m, 9H),



8.2 (s, 1H), 12.1 (s, 1H). MS (ESiy2): found: [M + HJ, 423.4, [M + Nal, 445.4 for

C24H30N40s.

29.  (9)-5-(3-(3-guanidinopropyl)-2-oxo-5-phenyl-2,3-dihydro-1H-benzo[ ][ 1,4] diazepin-1-

yl)-N-hydr oxypentanamide (6q)

This BZD hydroxamic aciéq was synthesized by using the general procedwemploying the
BZD compound5q, and purified by preparative RP-HPLC to obtain fhee compoundsq.
(Yield: 13%)*H NMR CDCk + DMSO-d;: § 1.38-1.9 (m, 6H), 2.0-2.37 (m, 4H), 2.6 (s, 1H),
3.4-3.8 (M, 4H), 4.22-4.39 (m, 1H), 6.8-7.8 (m, )3MS (ESI,m/2): found: [M + HJ’, 451.4 for

C24H30N60s.

30. (9)-2-(1-(5-(hydr oxyamino)-5-oxopentyl)-2-oxo-5-phenyl-2,3-dihydr o-1H-

benzo[e][1,4]diazepin-3-yl)acetic acid (6r)

This BZD hydroxamic aciér was synthesized by using the general proceBwemploying the
BZD compoundbr. (Yield: 91%)'H NMR CDCk + DMSO-d;: $1.38-1.7 (m, 4H), 1.9-2.1 (m,
2H), 3.0-3.4 (m, 2H), 3.9-4.1 (m, 2H), 4.2-4.4 (th}), 7.18-7.8 (m, 10H). MS (ESty2): found:

[M + H]+, 410.3, [M + Na], 432.3 for GoHo3N30:s.

31 (95)-3-(1-(5-(hydr oxyamino)-5-oxopentyl)-2-oxo-5-phenyl-2,3-dihydr o-1H-

benzo[e][1,4]diazepin-3-yl)propanoic acid (6s)

This BZD hydroxamic aciés was synthesized by using the general proceBwmploying the
BZD compoundss. (Yield: 83%)*H NMR CDCk + DMSO-d;: §1.2-1.6 (m, 4H), 1.9-2.1 (m,
2H), 2.3-2.63 (m, 4H), 3.6-3.75 (m, 2H), 4.2-4.4, (), 7.18-7.63 (m, 9H). MS (ESiy2):

found: [M + HJ', 424.4, [M + Nal], 446.4 for GsH25N30s.



32. (S)-N-hydroxy-2-(2-oxo-5-phenyl-2,3-dihydro-1H-benzo[ €] [ 1,4] diazepin-3-yl)acetamide

(8r)

This BZD hydroxamic aci®r was synthesized by using the general proceBweploying the
BZD acid7r. (Yield: 46%)'™H NMR CDCk + DMSO-d;: & 2.99-3.19 (m, 2H), 4.1-4.22 (m, 1H),
7.03-7.6 (m, 9H), 8.2 (s, 1H), 9.5 (s, 1H), 9.851¢d). MS (ESI,n2): found: [M + H[, 310.3,

[M + NaJ*, 332.3, [2M + Na], 641.4 for GsH1sN30s.

33. (S)-N-hydr oxy-3-(2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ ][ 1,4] diazepin-3-

yl)propanamide (8s)

This BZD hydroxamic aci®s was synthesized by using the general proceBweploying the
BZD acid 7s. (Yield: 32%)'H NMR CDCk + DMSO-@;: § 2.2-2.6 (m, 4H), 3.57-3.7 (m, 1H),
7.0-7.59 (m, 9H), 9.28 (s, 1H), 9.9 (s, 1H). MS (ES2): found: [M + HJ, 324.3, [M + Nal],

346.3, [2M + Na], 669.5 for GgH17N30s.

34. (R)-N-hydroxy-2-(2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[€][ 1,4] diazepin-3-yl)acetamide

(8t)

This BZD hydroxamic acidt was synthesized by using the general proceBueeploying the
BZD acid 7t. (Yield: 55%)'H NMR CDCk + DMSO-a;: § 2.9-3.2 (m, 2H), 4.1-4.23 (m, 1H),
7.02-7.6 (m, 9H), 8.18 (s, 1H), 9.46 (s, 1H), AB51H). MS (ESInV2): found: [M + HJ, 310.3,

[M + NaJ*, 332.3, [2M + Nal], 641.5 for G7H15N3z0s.

35. (R)-N-hydr oxy-3-(2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ €][ 1,4] diazepin-3-

yh)propanamide (8u)



This BZD hydroxamic aci®u was synthesized by using the general proceBwrmploying the
BZD acid 7u. (Yield: 23%)*H NMR CDCk + DMSO-@;: & 1.98-2.2 (m, 2H), 2.3-2.6 (m, 2H),
3.58-3.7 (m, 1H), 7.0-7.6 (m, 9H), 8.4 (s, 1H),®(3, 1H), 10.02 (s, 1H). MS (ESlY2): found:

[M + H]*, 324.3, [M + NaJ, 346.3, [2M + Nadl, 669.5 for GaH17N3Os.

36. (S)-N-hydr oxy-4-(2-(2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ €] [ 1,4] diazepin-3-

yl)acetamido)butanamide (11r)

This BZD hydroxamic acid1lr was synthesized by using the general proceBuemploying the
BZD acid 10r. (Yield: 45%)H NMR CDCk + DMSO-d;: 1.2-1.38 (m, 2H), 1.8-2.0 (m, 2H),
2.3-2.5 (m, 2H), 2.95-3.24 (m, 2H), 4.1-4.22 (m))1AHO03-7.6 (m, 10H), 9.58 (s, 1H). MS (ESI,

m/2): found: [M + HJ, 395.4, [M + Nal, 418.4 for GiH,,N4O,.

37. (S)-N-hydroxy-4-(3-(2-oxo-5-phenyl-2,3-dihydr o-1H-benzo[ €] [ 1,4] diazepin-3-

yl)propanamido)butanamide (11s)

This BZD hydroxamic acid1s was synthesized by using the general proceBwemploying the
BZD acid 10s. (Yield: 50%)*H NMR CDCk + DMSO-d;: 1.6-1.8 (m, 2H), 1.9-2.05 (m, 2H),
2.3-2.6 (M, 2H), 3.0-3.2 (m, 2H), 3.21-3.4 (m, 2B)B-4.0 (m, 1H), 7.1-7.78 (m, 10H), 8.02 (s,
1H), 10.2 (s, 1H), 11.3 (s, 1H). MS (E®W2): found: [M + HT, 409.4, [M + Na], 431.4 for

C2oH24N40s.

38. (S)-N-hydr oxy-5-(3-(2-(hydr oxyamino)-2-oxoethyl)-2-oxo-5-phenyl-2,3-dihydro-1H-

benzo[€e][1,4]diazepin-1-yl)pentanamide (13r)

This BZD hydroxamic acid3r was synthesized by using the general proceBuamploying the

BZD acid 12r. (Yield: 20%)'H NMR CDCk + DMSO-d; § 1.2-1.6 (m, 4H), 2.4-2.63 (m, 2H),



2.8-3.03 (m, 2H), 3.18-3.5 (m, 2H), 3.9-4.3 (m, 1AR-7.6 (m, 9H), 12.7 (s, 2H). MS (ESI,

m/2): found: [M + HT', 425.4, [M + Nal, 447.4 for GH4N4Os.

39.  (S)-N-hydroxy-5-(3-(3-(hydroxyamino)-3-oxopr opyl)-2-oxo-5-phenyl-2,3-dihydr o-1H-

benzo[€e][1,4]diazepin-1-yl)pentanamide (13s)

This BZD hydroxamic acid3s was synthesized by using the general proceBwemploying the
BZD acid 12s. (Yield: 31%)'H NMR CDCk + DMSO-a;: & 1.2-1.6 (m, 4H), 1.9-2.2 (m, 2H),
2.22-2.45 (m, 4H), 3.58-3.7 (m, 2H), 4.1-4.3 (m,)1H0-7.8 (m, 9H), 9.9 (s, 1H), 10.1 (s, 1H).

MS (ESI,m/2): found: [M + HJ, 439.4 for GaH,6N4Os.
Microfluidic chip-based KDAC inhibition assay

Four different substrates were used according & HKDAC isoform: 1) a (FAM)-labeled
peptide purchasable from PerkinElmer (Broad Sutestha Product number CLS960006), was
synthesized in house as previously reported [38] used for hKDAC1 assays; 2) two (FITC)-
labeled peptides were purchased from PerkinEImBB (Acetylated Peptide and Histone 4
Acetylated Peptide, Product Number 760512 and 780&84pectively) and used as substrates to
test compounds against hKDAC 3 and 6, respectiv@lya (FAM)-labeled peptide (Broad
Substrate B, Product Number CLS960007) was emplagesubstrate for hKDAC8 assays. All
hKDACs were purchased from BPS Bioscience. Compsuvete tested using two replicates in
a 10-point dose curve with 3—fold serial dilutiaaring from 30 uM. Purified hKDACs were
incubated with 1uM of substrate and BZDs for 60 rainroom temperature in KDAC assay
buffer that contained 25 mM Tris-HCI (pH 8.0), 18M NacCl, 2.7 mM KCI, 1 mM MgGl, and
0.01% BSA. Reactions (using two replicates) werenigated by the addition of a stop buffer

containing 100 mM HEPES, 0.015% Brij-35, 10 mM EQTA1% CR-3 and 1.5 pM of the



known pan-KDAC inhibitor Panobinostat [23, 24]. étascence intensity of electrophoretically
separated substrate and product was detected tsnigabchip EZ Reader and the data were
analyzed by non-linear regression using GraphPsanF8.01 software [51] to afford kgvalues
from dose-response experiments. The percentagehddfition at 30 uM is reported when its
value is less than 50% at that concentration. &sdstird compounds (positive controls), ten well-
known KDAC inhibitors (seeTable 3) were used: Entinostat (MS-275) [36], TSA [40],
Tubastatin A [41], SAHA [43], (all purchased fronelleck Chemicals), am-amino-ketone
derivative originally named compound [44] (synthesized in house), LBH589 [23, 24]
(purchased from ApexBio Technology), PCI-34051 [8Blrchased from Cayman Chemical
Company), T247 [42] (synthesized in house as pusio reported) [35], largazole [52]
(thioester) and one of its analog (herein desigh&te-L-256 [39], were generously supplied by

Prof. Robert Williams of the Department of Chenyistt Colorado State University).

Molecular Modeling

hKDACs 1, 3 and 8 complex structures preparation

Crystal structures of hKDAC1, hKDAC3, and hKDAC8DOPRB codes 4BKX, 4A69, 3RQD,
respectively) were retrieved from the Protein DB@nk (PDB),[53] and then prepared as
previously reported [45]; briefly: 1) all solventohecules, buffer and non-interacting ions were
removed, then hydrogens were added consideringusrahepH (pH=7.4); 2) non-terminal
missing residues were rebuilt by using MODELLER 494drogram [54]; 3) a final energy

minimization has been performed by means of the MROS 5.0.2 [55].



hKDAC6 MD Simulations

GROMACS 5.0.2 [55] has been used. The AMBER99SBNLB6] force field with TIP4P [57]

as the water model was adopted, whilé Neunter-ions were used to neutralize the system. A
first equilibration under a NVT (constant number pérticles, volume and temperature)
ensemble at 300K over a period of 100 ps was peddr subsequently, the system has been
submitted to a 100 ps NPT (constant number of qasi pressure and temperature)
equilibration. Both NVT and NPT equilibrations haveen performed with positional restraints

to the ligand atoms. The equilibrated structure thas submitted to a 95 ns unrestrained MD.
Preparation of BZDs Minimized Random Confor mations

To generatdigands random conformations, used as startingacordtion to use for molecular

docking,the OpenBabel suite (The Open Babel package, vegs®?2_http://openbabel.org) [58]

was firstly used to: assign the protonation statgsH 7.4; generate a best conformer (after 250
geometry optimization steps) out of 250 conformesisg the obconformer tool. Then a further
optimization of the obtained geometry has beenoperéd by means of the obminimize tool
(using first the steepest descent algorithm folldwg the conjugate gradients algorithm with a

default number of steps and force-field).
Molecular Docking

Surflex-Dock [49] version 2.745 was used for molacwocking calculations using the same
settings as previously reported [45]. Best dockesep were extrapolated using the Clusterizer
[45] software and a in house script has been usembmpute and collect the distance (in A)

between the zinc ion and the closest ZBG atom cifl #gand.



SUPPLEMENTARY MATERIAL

Detailed experimental procedures and spectral ctaraation data of compounds, inhibitory
percentages, Kg values, dose-response curves, selectivity indek3, simulation results,

hKDACs 1, 3, 6 and 8 superimposed sequences, hKD#g@tology model.
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Highlights

» 108 benzodiazepine (BZD) derivatives have been designed and synthesi zed.

» 104 BZDswere biochemically tested against hLKDAC1, 3, 6 and 8 and found active.
» Compound 6q shows an interesting selectivity against hLKDAC3.

* Molecular docking studies have been extensively performed.

» Structure-activity relationships have been rationalized in a pharmacophore scheme.



